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JADE. See Nephrit. 

JARGON. See Zircon. 

JASPER.* Of this mineral there arc, ac- 
cording to Werner, the four following fubfpe- 
cics. 

I . Subfp. Egyptian Jafper, Egyptian Pebble. 
E^yptifeher Jafpis^ Worn. Jafpe Egyptifn^ Broch. 

This Jafper always exhibits two or more co- 
lours in concentric zones or bands, more or 
lefs regular, with interfperfed fpots or dendritic 
figures. 'IJiat part neareft the centre is almofl 
always the ligliteft coloured, and is of a ycl- 
lowilh-grey pnfling into cream-yellow ; the 
other colours that this mineral exhibits are 
chefnut '• and '•ycllowifJi-brown, more rarely 
blood-red and brownifli-rcd. It occurs in 
rounded pebbles or fragments, the furfacc of 
which is rough and dull. Internally it is glim- 
mering. Its frafture is between flat conchouial 
and fplintery. Its fragments arc indetermi- 
nately angular fliarp-edgcd. It is very llightly 
tranllucent on the edges. Its hardnefs is fome- 
what inferior to that of quartz ; it is brittle and 
eafily frangible. Sp. gr- 2.5 6 — 2.6. 

It is infufible before the blow'pipc without 
addition. 

It is found abundantly in Egypt and the 
adjoining defarts in rolled pieces along with 
other fihceous ftoncs, conftituting a breccia. 
From the foft tone of its colours and the high 
poliih that it is fufceptible of, it is applied to 
the fame ornamental purpofes as agate. 
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2. ^uhfp. Striped Jafper, Ribband Jafper. 

Band Jajpiif Weni. rubane^ Brodh. 

The colours which this mineral prefciits are 
pearl-grey, greenifh and yellowifh grey, yel- 
lowifh and greenifli white, ochre and Ifabella 
yellow, flefli-rcd, blood and cherry red, and 
lavender-blue : they are arranged in bands or 
ilamc-lhapcd figures, or in veins or dots. It 
occurs in mats: is internally dull except 
where the admixture of foreign particles’ gives 
it a flight degree of liiflre. Its fradlurc is 
conchoidal, fometimes approaching to fplintery 
or earthy : its fragments are indeterminately 
lharp-edged. It is opake or flightiy tranllucent 
on the edges. In hardnefs, iraiigibility, and 
fpecific gravity, it agrees with the preceding 
fubfpecics. 

It occurs in large beds, and in Siberia feems 
to form entire hills. It is found abundantly 
and very beautiful in Siberia ; alfo in Saxony, 
the Hartz, and Sicily. It receives a high 
poiifh, and is ufed for ornamental purpofes. 

3. Subfp, Force! lanite. Porxellan Jafpis^ 

Wern. Jafpe Porcelaine^ Broch. 

The colours exliibitcd by this mineral are 
fmokc-grey, yellowifli and pcarJ-grcy, lilac and 
lavender blue, orange and ochre yellow, ftraw, 
fulphur, and Ifabella yellow, brick-red, blood 
and flcfli red, yellowifli and reddifh brown, 
bluilli and greyilh black, and rarely mountain- 
green. It prefents in general only one colour, 
but is fometimes fpotted and clouded. The 
lavcnder-blue varieties often contain brick-red 


VOL. II. 


Eaimerlin^, WidenmaBD, Brochant, Jamefon. 
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vegetable imprellions. It occurs in mafs and 
in angular pieces, and is often cracked and 
rifty. It has a flight degree of internal luftre. 
Its fra£bure is impcrfe£tly flat conchoidalj 
pafling into uneven and earthy, fometimes alfo 
tending to flaty. It is opake, lefs hard than the 
preceding fubfpecies, very brittlej and eaflly 
frangible. 

Before the blowpipe it melts fier fe into a 
black flag. Its conitituent partSj according to 
.M. Rofcj are 

Silex - - - 60.75 
Aluminc - - ^^ 7*^5 

Magneiia - - 3. 

Oxyd of iron a. 5 
Potaih - - 3-66 

It forms beds in pfeudo-volcanic hills, and is 
fuQpofed to be argillaceous fchiftus altered by 
the combuilion of bdda of coal. It occurs plen* 
tiWly in Bohemia. 

This mineral Teems to be placed among the 
jafpers with little propriety, being eifentially 
diltin£l from them by its fufibility, hardnefsj 
and geological fltuation. 

4. Sidb/p, Common Jafper. Gememer Jafpis^ 
Wern. Jafpe commun^ Broch. 

The ufual colours, of this mineral are browns 
and reds of various iliades, alfo lemon, ochre, 
and Ifabella yellow. It exhibits in general only 
one colour, but is fometimes fpotted, clouded, 
or ftriped. 

It occurs maffive and in rolled pieces. Inter- 
nally it pofleiles a flight luflre between vitreous 
and refinous. Its fracture is conchoidal, pafling 


? ) J E*I, 

into even and fine earthy. It is opake, fome^ 
times nightly tranflucent on the edges. In 
hardnefs it nearly equals the firft fubfpecies* 
It is brittle and eafiiy frangible. Sp. gr. 2.3 

— 2.7* 

It is entirely fufible per fe before the blow* 
pipe. 

It occurs in veins in primitive mountains, and 
in amygdaloid : it is alfo a conllituent part of 
certain agate nodules, and in this date is called 
Jafper agate. , 

It is fufceptiblc of a high polifli, and is in 
confiderablc requefl. for various ornamental pur* 
pofes. 

5. Subjp. Opal Jafper. Opal Jajpis, Wem. 

Its colours are reds and browns, rarely ochre 
yellow. The colour is uniform or diTpofed in 
dots, veins, and clouds. It occurs in mafs. 
Internally it is fliining with a luftre between 
vitreous and refinous. Its fra£ture is flat con- 
choidal. Its fragments are indeterminate and 
very fliarp edged. It is opake but fometimes. 
tranflucent on the edges. Is moderately hard, 
brittle, and eafiiy frangible. 

It is found in nefts in porphyry near Tokay 
in Hungary, in the vicinity of Conftantinople, 
and in the Kolyvan mountains in Siberia. 

It is’ the connecting link between jafper and 
opal, and is diftinguifliable from the preceding 
fubfpecies, by the livelinefs of its colours, its 
fuperlor luftre, and conftant conchoidal frac* 
ture. 

JELLY. See Gelatin. 

JET. See Coal. 

JEW^s PITCH. See Bitu»cen; 

JUICES OF PLANTS. See San. 
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KALI. Sec Carbon AT of Pdajb. It occurs in rounded and blunt-edged fragments 

KALKSPATH. \ v ^ot exceeding the magnitude of a nut. Inter- 

KALKSTEIN. J -^^estone. fhining with a refinous luftre. Its 

KALZEDON. See Chalcedony. fraAure is fmall and imperfeflly conchoidal, 

KAOLIN. See Clay Porcelain, pafling into lamellar. Its fragments are inde- 

KARNIOL. See Chalcedony. terminately angular, fliarp-edgcd. It is tranflu- 

KATZENAUGE. Cafseye^ Kirw. Oeil cent, rarely femitranfparent. Internally there 
de Chat, Broch. may be obferved fmall parallel white fibres. 

Its principal colour is yellowifti, greenifh, or which are the caufc of its peculiar play of light, 
afti-greyi hence it pafles into ycllowifh-brown. It is hard and eafiiy frangible. Sp. gr. 2.6. 
haii'^rown, and hyacinth* red ^ it alfo fome- By expofure to the heat of a porcelain furnaep 
times cxhiMts olive or mountain green and it lofcs its hardnefs, luftre, and tranfparency, 
'gvcyiflx-black. When cut and poliftied it pre- and its colour becomes a pale grey. Accord* 
fects a peculiar play of light refembling the eye tiig to Sauflurc it is fufible, though with great 
of the animal from which it takes its name, difficulty, before the blowpipe. 
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It has been analyfed by Itlaproth witli the 
following refults : 

Silex - - - 95. — 94*5 

Alumiiie - 1.75 — 2* 

tliime- - - i.y — " ^*5 

Oxydofiron 0.25 0,25 



Of its geognoftical (ituation nothing is 
known with certainty. It is brought to Europe 
from Ceylon and the Malabar coaft. It is fet 
in rings, and is in coiifiderable edimation. 

KEFFEKIL. See Meerschaum. 

KELP. See Carbonat of Soda. 

KERMES mineral is the Hydrofulphuret of 
Antimony. 

KERMES. Coccus Ilicis^ Linn. Alfo termed 
by the ancients Coccus Scarlalinus, Granum 
TinSloriumrn 

The Kermes is a fmall infe£k formerly much 
ufed in dyeing fcarlet and diiFcrent reds, 
and though its ufe is moftly fuperfeded at pre- 
fent by the cochineal, it is ftill employed in 
fome parts of Europe, and poflefTcs very valu- 
able properties as a dyeing material. The bed 
kermes was formerly collefled in Galatia and 
Armenia, but it is now 'chiefly procured from 
Languedoc in France, and from Spain and Por- 
tugal. • 

The kermes lives on a fpecics of prickly oak, 
the female infefk (which is the one ufed) grows 
to the iize of a pea, and being of a round bulky 
form it was long midaken for the fruit of the 
tree, whence it was called grain of kermes, and 
the fcarlet dye from it called by the French 
EcarlaU A Gram* 

This infeft hangs to the tree by a cottony 
down. About May or June it has acquired its 
full fize, and is then gathered by hand, be- 
ginning generally about day-break. A perfon 
can colledl from one to two pounds of it a-day. 
It is necefTary to kill the infed immediately, 
to prevent the hatching of the ova within it# 
body, which is done by the vapour of vinegar. 

When the living inieft is crudied it gives a 
red liquor, an a^eeable fmell, and tades bitter 
and (harp. It gives a deep red tindlure both 
to water and alcohol. 

The colour given by this infeA to woollen 
cloth is extremely durable, but not fo brilliant 
as that of cochineal. The colour does not take 
on (ilk. LSee tbt articU Dyeing, p. 384.) 
KIESELSCHIEFER.^ 

■ Emmsrling, Brochant, Jamefon. 
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This fpecies is divided by Werner into the 
two following fubfpecies. 

I. Subfp. Siliceous Scliidus, Kirw. Ge^ 
meiuPr Kitfrlfchiefer^ Wern. Schi/lr JUiceun com^ 
fnuNf Broch. 

Its principal colour is a(h-grey, bluifli or 
greenilh grey, with occafional ipots and dripes 
of red. It is often traverfed by veins of quartz. 
It occurs ill mafs forming whole beds, or in 
fmooth rounded pieces. Internally it is dull, 
rarely a little glimmering. Its frafture in the 
great is for the mod part imperfectly flaty ; in 
the fmall is intermediate between fpliiitery and 
uneven, inclining fometimes to flat conchoidal. 
Its fragments are iliarp-edged, indeternirnate. 
It is opake, occalionally fomewhat traniluccnf 
on the edges. It is hard, but not very difficult 
to break, and is moderately heavy. 

Before tlic blowpipe it becomes white and 
friable. It occurs in thick beds for the mod 
part among tranfltion mountains ; in Bohemia, 
Saxony, SwifTerland, the South of Scotland, and 
Siberia, 8cc. 

Siliceous fchidus appears to have a conflder- 
able connexion with argillite, and is fuppofed 
by Wiedenmann to be only this fubdanci^ 
hardened by containing a larger proportion 
than ufual of (ilex. It is one of the numerous 
rock maffes on which the appellation Hornf- 
chicfcr has been bedowed by the Germans, a 
name which has very properly been exploded 
by Werner. 

2. Subfp^ Lydian Stone. Touchftone. J?/?- 
fanite^ Kirw. Lidifcherjiein^ Wern. Pierre de 
L,ydie^ Broch. 

Its colour is greyifli, paffing into bluidi-biack. 
It occurs in mafs and in rounded fragments ; 
and Is generally penetrated by veins of Quartz. 
Internally it is glimmering. Its frafture is 
even, approaching to conchoidal and fometimes 
to fplintery : in mafs it is generally flaty. Its 
fragments are indeterminate and (liarp edged, 
often trapezoidal. It is cmake, moderately 
hard, and eaflly frangible. Sp. gr. 2.4 to 2.8. 

It is found jin (imilar lituations with the pre* 
ceding. 

From its hardnefs and colour it is ufed as a 
touchdonc to afeertain the comparative purity 
of the various kinds of gold and (ilver alloys. 

Its black colour is affirmed by Humboldt to 
be caufed by a portion of carbon. 

KILKENNY COAL. See Coal. 

KLINGSTEIN.** Wern. Pierre fonnante^ 
Broch. 

^ Jamefon, Brochanc* 
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Its colour !s dark greenifli-grcy, palling into 
yeliowilli and alh grey, or light olive-green or 
liver brown. It occurs in mafs. The crofs 
fraflure is almoft dull, the longitudinal frac- 
ture is gliftening. The crofs fracture is fplin- 
tery, palling into conchoidal*; the longitudinal 
fracture is more or lefs llaty. It breaks into 
indeterminate fliarp-edged fometimes tabular 
fragments. In the great it often occurs in 
columnar mailes. It is ufually tranlluccnt on 
the edges. It is confidcrably hard, and not 
very ealily frangible. When ilruck with a 
hammer it gives a ringing metallic found, 
whence its name. Sp. gr. 2.57. 

It melts cafily before the blowpipe, and gives 
a clear almoft colourlefs glafs. 

According to an analylis made by Klaproth 
it conlifts of 
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LABORATORY. (See the Appendix.) 

LABRADOR-STONE. Sec Felfpar. 

LAC-{Gum.) Lacque, Fr. 

Gum-Lac, as it is ufually termed, is a fub- 
itance properly neither a gum nor a refin, but 
a very fingular compound which is prepared by 
the female of a very minute infedt, the Coccus 
Lacca, wliich is found on a few fpccies of 
trees in feme parts of the Eaft Indies, particu- 
larly on the Banyan Fig, and the Rhamnus Ju- 
juba or Biher.‘ ^ The infe£l is nourilhed by 
the tree, fixing iffclf upon the twigs and extre- 
mities of the uicculent branches, where alfo it 
dopofits its eggs, which it glues to the branch 
by a red fcmi-pcllucid liquid, the outfide of 
which hardens; in the air and alfo ferves as a 
cell for the parent infe<Sk. 'This gradually in- 
citafes, and when at its greateft fizc appears 
AS an oval finooth red bag, full of a beautiful red 
liquid. AVhen the eggs are hatched, the young 
iofcCbs appear firlk to feed upon the inclofcd 
liquid, and after this is expended they eat 
through the iiivofting coat, leaving a hollow red 
reil^ous bag which is the Stick JLac, The lac 
' ^ ' * Kerr in Phil. Traof. vol. Ixxi. 
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According to Wenier it belongs to the floetz 
trap formation ; refting upon bafalt, into whicii 
it frequently pafles. It often contains cryftals 
of felfpar, and then forms Hate porphyry. It 
is reckoned by Rcufs to belong to the primitive 
rocks. 

It occurs in the middle mountains of Bohe- 
mia ; the Donncrlberge in particular, near Mil- 
Icfchau, a conical mountain above 25.00 feet 
high, confifts entirely of this mineral. It has 
alfo been obferved by Jamefon in the ifland .of 
Lamlail), in the Fritli of Clyde. Very beau- 
tiful varieties of it alfo occur in rock mafles 
between Lanberris and Caernarvon in North 
Wales. 

KOHLENBLENDE. See Coal. 

KRAGG. See Basalt. 

KREIDE. Sec Chalk. 

KREU rZSlTIN. See. Staurolite. 

KRISOBERIL. Sec Ciirysobf.ryl. 

KRISOLIlTi . See Cr ysolitk . 

KRYSOPRAS. See Chhysoprase. 

KUNKELS raOSPHORUS. See Phos- 
phorus. 

KUPFER NICKEL. See Nickel. 
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therefore appears in the economy of the infeft 
to anfwcr the double piirpofe of food and pro- 
teilion to the young animal, and when exa- 
mined each bag is found to be in diitinfk cells 
like a honeycomb, but of diflerent fhape. 

Lac is an article of great iinportanc'^ in many 
arts and in commerce. The bell is procured 
from the province of Akam, but it is found in 
great abundance on the uncultivated mountains 
on each fide of the Ganges. 

The only trouble of collcfting the rough or 
ftick-lac is that of breaking down the branches 
and carrying them to market j but for the pur- 
pofe of dying it is taken before the young in- 
lefts have eaten their way through the bag, that 
is while the red liquor remains within it. 

The beft lac is of a deep-red colour, and 
the liquid witliin the cells has a fweetilh tafte, 
which in India is ufed immediately as a dye 
being mifciblc with water. 

There are four kinds of lac known in com- 
merce, namely — 

1. Stick lac, which is tlie lac in its natural 
Hate, without any preparation. 

^ SxunJerf in Phil. Traxif. vol. Ixxiz. 
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3. Seed-lac, which is the former kind broken 
into fmall lumps, granulated and picked. 

3* Lump-lac, wliich is feed lac liquified by 
fire. 

4* Shell-lac, which is the cells of the (lick 
lac, liquified by gentle heat, itrained and formed 
into thin tranfparent laminae in the following 
fimple manner. 

it is broken into fmall pieces and picked 
from the branches and Hicks and put into a 
ciuivas bag. 'I’liis is placed over the fire, and 
frequently turned till the Lie is liquid enough 
to pafs through its pores, when it is taken olF 
and fqueczed by two men in difierent dirc£tioiis 
dragging it along the convex part of a plantain 
tree prepared for the purpofe. 'i'he degree of 
preflure on the plantain tree regulates the thick- 
iiefs of the Ihell. 

Of the above tlnree forts of lac only the flic k, 
ihell, and feed lac are known in commerce. 

There is bcfides a white or ycliowilli lac 
brought from Madagafcar, highly refembling 
the pe-la of the Chinefe, which has been very 
ably examined by Dr. Pearfon, and will be pre- 
fently noticeil. (See the mxt artiele,) 

The three fpecies of common Jac Jiave lately 
been analyzed by Mr. IXatclictt,^ and the fol- 
lowing is an abllr.Kiirt of the loading fadts and 
of the general procefs. 

When water is poured on the ftick-lac 
coarfely powdered it foon begins to turn red, 
and by heating a crimfon-coloured folution is 
obtained. 

Shell-lac lofcs by this about lo per'cent. of 
its weight, and the undifiblved refidue becomes 
yellowilh-brown. 

Seed-lap lofes about 3 per cent, and flicll-lac 
no more tlKin ~ per cent. 

The watery folution contains the colouring 
gxtraEl^ one of the ingredients of lac, but docs 
not extradX the whole at once on account of its 
intimate union with the other conftituent parts. 

Alcohol difiblves a large portion of all the 
kinds of lac. When heat is not ufed the folu-» 
tion contains a part of the colouring extradl, 
and a large quantity of a refin which may be 
feparated from the folution by evaporation or 
by adding the folution to water, acidulated 
with muriatic or acetic acid and heating, when 
the refin will form a curdy coagulum. The 
portion foluble in cold alcoliol, and which is 
entirely refin, except a little cxtradl, amounts 
to about 68 per cent, from ilick-lac, 88 per 
cent, frofii fine fecd-lae, and 81 per cent, from 
Ihell-lac, but in the latter cafe about 10 more 


of refin remain mixed with the other ingre*' 
dients. Hot alcohol diiiblv(\s aJfo otlicr parts 
of the lac which arc not ealily fcparablc iigain. 

Sulphuric ether diilblves lei's of Lie tliau 
alcohol, and is not fo iii'eful in analylis. 

Nitric acid digeited with lac caules it to fwcll 
much and converts it to a brittle opake yellow 
fubftance, which more of the acid d'.ilblvcs 
after 48 hours digeltioii. The foliition poured 
into water fepa rates fome yellow iloccuii which 
are found to be a kind of nxxix* The rcjnaining 
liquor is of a bright yellow, contains neither 
oxalic nor malic acid, and by evaporation leaves 
a reiinoiis matter again foluble in water. The 
alkalies feparate nothing from this folution. 
This acid therefore opei.if:».s too powerfully 'as 
a chemical '.•gent, laLlier t]L>n a hmple men- 
llruum, to be very iifefal in mere anjlyfi<. 

Muriatic and acetic acid digclled on entir;'* 
lac dill'oive the colouring matter, 'and anotli'. ' 
fubftance clolely rcfenibhng gluten^ but tiivJ 
act but feebiy and iinpcri!*cily on cn.iirc hn , 
thefe two I'ubilanccs b. ing protciffcd by i.h * 
refin on which thefe ac'uis iiave fcarteiy \\rs>f 
aiflion. This refin therefore Ihould be previ- 
oufiy feparated by cold iileobol. 'I'l'.e prelWin- ■ 
of gluten is moll confpicuous iti fliclI-lac, piect*^ 
of which, after tlic action of alcohol, vct'abi 
their figure, become more bulky, clullic, and 
nearly white. This led I\T. Hatchett to fuf- 
pecl of the prefence of caoutchouc, but from 
the circiimftance that boiling water dellroyeil 
its elallicity, it was obvious that this fubltance 
was not caoLitcJiouc but gluten. 

Potafli and foda, :uid carbonat of ibila, com- 
pletely difiblve all kinds of lac, and carbonat of 
potafli partially. About \ of tlie weight of 
carbonat of foda is fuHicicnt. Thefe foluiions 
arc faponaccous and purple. By repofe a feum 
or cream rifes to the furfacc, which is part (if 
the wax, and the remainder may be feparated 
by acids. 

Ijac therefore is found by thefe experiments 
to confifl of a colouring cxtradl of refin, gluten, 
and wax, all of them in intimate combination, 
but feparablc* almofl entirely by a judicious 
order and felc£lion of the difi’erent rc-agents. 

The general properties of e.icli of thefe in- 
gredients are the following : 

I. Th(-‘ extraft wIkmi dry is of a deep crini- 
foii 5 foluble chiefly but not totally in water, hot 
or cold ; lefs fo in alcolioJ, but the refidue after 
the aclioii of alcohol difiblves in water j infolubic 
ill ether \ parti-ally foluble in muriatic and acet- 
ous acid, giving a red liepjor which is changed^ 


* Phil. Tranf. for 1804, p. 
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to purple by alkalies ; Is totally foluble in acetic one^iince of muriatic acid, ^th two of wslter^ 
acid; and equally iV> in the alkalies. When and tlic folution faturated with carbonat of 
^purc alumine is put Into the aqueous folution^ potafli which gave a precipitate of li grains 
and a few drops of muriatic acid added, a beau* when dry, which was gluten* 
tiful coloured lake is precipitated. A fine pre* £• The. refidue from the laft confided of wax 
cipitate is alfo formed by'muriat of tin. entangling bits of twigs and other accidental im- 

2. The refm is brownilh yellow, foluble in purities. Part of it was feparated by melting 

alcohol, ether, acetic acid, nitric acid, potaih, and draining through linen, and the remainder 
and foda, and is precipitablc by water from all was boiled with potaih. The whole wax thus 
thefe folvents except the two lad. ootained was 12 grains, and 13 grains of the 

3. The gluten is obtainable in two ways: }f impurities remained. « 

the pieces of lac after digedion in alcohol be The fiiell lao was analyfed in a more com* 
digeded with dilute acetic or muriatic acid, plex way, the ' refin and wax being more 
mod of the gluten is dilTolved, and may be intimately united in this fpccies of lac than the 
precipitated by alkalies added in due proportion; others, and on account of its texture not being 
but is 'rediflblved by an excefs of them, and reducible to fine powder. The procefles A. B. 
then is feparable by acids. It much refembles C. D. being repeated as in the lad, the refidue 
the gluten of wheat. was digeded fome days in the cold, in three 

4. The wax is found floating like oil on the ounces of acetic acid, after which half a pint of 

folution of lac after long boiling in nitric acid, alcohol was added, and the whole heated^ 
which takes up every thing elle, and congeals whereby the wax was feparated in a very pure 
when cold; or it niay be more eafily procured, date. The aceto-alcohoUc tin£lure which was 
by fird digeding the lac with cold alcohol, and brown was then poured into water, which 
treating the refiduum with boiling nitric acid, became milW, and being heated and filtered, 
which will feparate the wax. more refin ieparated in a curdy form. The 

Thus obtained it is white, of the confidence remaining clear liquor was then faturated with 
of bees wax, melts at a lefs heat than boiling carbonat of potaih, and a further portion of 
water, and burns with a white flame and fmell gluten was obtained. 

like Ipermaceti. It is infoluble in cold alcohol. The three different fpecies of lac being ana- 
but with a boiling heat a portion is diflblved, lyzed, gave the following proportions: 100 
mod of which feparates by mere cooling, and parts of dick-lac gave 68 of refin, 10 of colour* 
the remainder by affufion of water. Potafli ing extraf^, 6 of wax, 5,5 of gluten, and 6.5 
boiled with the wax forms a milky folution, but of extraneous fubdances: 100 parts of feed-lac 
the chief part of the wax floats at the top, and gave 88.5 of refin, a.5 of extraA, 4.5 of wax, 
feems to be converted into a kind of foap, hardly and 2 of gluten : 100 parts of Ihell lac give 90.9 
foluble, and inflammable. Acids feparate the of refin, 0.5 of extra^, 4. of wax, and 2.8 of 
remainder of the wax from the alkaline folution. gluten. ^ , 

Ammonia diflblvcs a fmall portion of the Lac is employed for a variety of purpofes 
Vrax ; nitric and muriatic acid none. This in the arts, both in India and elfewhere.^ 
wax bears the dronged analogy with the wax of The finer pieces of fliell-Iac are cut into orna*« 
the Myrica or Caiidleberry Myrtle. . (Set the ments of various kinds, fucb as beads and neck* 
mrticle Wax.) laces ; the fhell-lac enters largely into the 

Stick lac was analyzed by Mr. Hatchett in compofition of fealing ii^ax, and hard japans or 
the following way. varmihes, hence called /acquers^ and (ac is alfo 

A. 200 grains were repeatedly digeded in ufed for dyeing. For this laft the ftick-!ac is 

boiling water, and the red folution evaporated, the only kind employed, as the colouring mat* 
left 1 8 grains of extrad. ter chiefly refides in the extrafl, of which die 

B. The refidue of the laft procefs was (hell-lac contains a very fmall proportion, but 

digefted in repeated portions of alcohol, without on the x>ther hand as this has much more refin, 
heat for forty-eight hours, and thefe folutions it is greatly preferable for varnilhes and lacquers* 
ev worsted, gave 136 grains of refin. A compofition of rough angular fand melted 

(J. The refidue of die laft was again di- with lac is much employed'^ in India as the 
gefted in boiling water, and 2 grains more of material for grindftones, which are call into a 
4&xtra£l were obtained. circular (hape, and when well managed, they 

P. The refidue of the laft was boiled with cut very fail* v The lapidaries ufe corundum 

' ^ Jtsrr* 





LAC 


( 7 ) 


powdcir Intfteftd o£ fwdf and form with lac a foap. The foltrtlon was decompofed by tcid% 
compofition for grinding and polifliing. gems. Ammonia had nearly the fame as potaih. 

hAC(ff^JI»te)» \ A white or yeliowiih«- Candles were made of this fubftance witli cot- 
LACCIC ACID, f white waxy matter, the ton wicks, which bjrned rapidly, and gave 
prpduAion of inleAs, and called in Madras much fmoke and a rcGuous fmell. In this 
White . laCi was firfl: particularly noticed by refpe£): it differs from the Cliinefc pe-la, which 

Dn Henderfon about me year 1786, and fup- bums as well as the fineft wax, and with as 

pofed him ta refemble very clofely die Pe^la little fmoke. 

of the Chinefe^ or white wax ufed in varnilhes. When the white lac wns heated with nitric 
for candles, &c* Some of this white lac fent acid much nitrous gas was given out, and 
over to England about the year 1793^ ^as a perfeft folution was obtained, but on cool- 
examhied by Dr. Pearfon wim the following ing nearly the whole feparated, quite white,, 
refulta.^ fcarcely any being found to remain in the acid 

The white lac is in grey, opake, rough, liquor. Tnc hot nitrous folution alfo gave a 

roundifh pieces, of about the fize of a pea. It copious precipitation when poured into water, 
has a (altilh and bitterifli tafte, but when frefli This lac was totally dilTolvcd in five parts of 
gathered it appears from Dt. Anderfon’s ac- oil of turpentine, but the folution grew turbid 

count to have a fwectifh and delicious flavour, as it cooled. Ether diflblvcd a tenth of its 

'On prefGng the pieces between the fingers, a weight of this lac, but impcTfe£dy. Alcohol 
faltifh liquid oozes out.. White lac has no diflblved by repeated afluflon all but 15 per 
fitnell unlefs when rubbed. After melting and cent, of this lac; the hot faturated folutiop. 

{training, it Gnks in water. became opake and thick by dooling, but when* 

When heated in water it melts at 145% and fpread on paper if did not leave a bright and 
then a.reddifh liquid feparates from the lac and fmooth varnifli. 

mixes with the water. This liquid has the fol- By various other experiments this lao ap- 
lowing properties. It gives inllantly a red peared to have the grcatell chemical analogy 
colour to litmus; its fpecific gravity is 1025; with bees-wax, though it differed from it in a 
its tafte is faltifh but not four. Evaporated few particulars. 

confiderably it depofits fmall needle-like cryf- If obtained largely it probably might prove of 
tals mixed with a flimy fediment. The liquor much ufc in the arts. 

on diflillation gives a clear fluid which dif- LAC SULPHURIS is fulphur feparated by 
folves chalk and carbonat of foda with cflTer- acids from its alkaline folution. It is fomewhat 
vefcence, and in fo doing it becomes neutral- altered in the procefs, and changes its lemon- 
ized, and no longer turns litmus red. By heat yellow colour for a grey or yellowifh-white like 
the whole of this fubflance is volatilized and de- cream. 

flroyed, giving only the common produds of It is thought to Be fomewhat milder as a mc- 
animal matScr. from its reddening litmus and dicine. (See Sulphur.) 
neutralizing the alkaline and earthy carbonats, LACTIC ACID. See Milk. 

this fubftance is inferred to be an acid, and LAKES. A lake may be defined to be an 

from its deftruAibility by heat it probably be- intimate combination of colouring extradl, with 
longs to the clafs of ai^iimal or vegetable acids, an earth or metallic oxyd formed by precipita- 
but it does not accurately agree with any of the tion from the folution of the colouring matter, 
other acids in all its properties. It is there- Thus if a folution of alum is added to an infu- 
fore cither fome known ^cid modified in its fion of madder a mutual decompontioTi takes 
chemical properties by union with fome other place, and part of the alumine falls down inti- 
part of the lac, or elfe it is a peculiar acid to mately united With the colouring matter of the 
which the term laccic acid may be given. madder. This feparation is much ailiftcd by 

The whitilh lac remaining after the acid or an alkali, 
faline liquid has been thoroughly feparated by The lakes form fome of the beautiful pig- 
wafhing was of the colour of bees- wax, and hard ments, and are much ufed ins watcr-coiour 
and brittle as rofin. Ondigefting it with folu- painting and other purpofes. They are almoft 
tion of potafl). Dr. Pearfon found that it became invariably compofed either of alum, or fome- 
brown, gave a fmell like palm-oil, and united times the folutions of tin, and fome other watery 
wkh the alkali to a coagulated mafs, but could folution of a colouring matter. The moft ini- 
not be brought to the ftatc of a true foluble portant are deferibed under the articles , 

* Phil. TranL vol. Izxxlv.^ 



i AP 


LAV 


( 8 ). 


K^ochtneal^ Madder^ Bra%U^‘JVoody and feme other . 
of the colouring materials. 

L'AMP-BLACK. There are two fpecies of 
lamp-black in common ufc ; one is the light 
foot from burning of the pine and other 

refinous kinds, and the other is a heavy black 
prepared from bones by calcining them in clofe 
velfcls. 

(For the former kind fee the articles Char- 
coal and Turpf.ntink, and for the latter the 
article Bone. Ivory-bJack is of tire fame fpecics 
with that from bone.) 

LAPIS CALAMINARTS. See Cat.amine. 

LAPIS INFERN Ai.lS. Sec Lunar Caus- 

TIC. 

LAPIS LAZULI. .La-zurjltlfty Wern. 
Pierre (TAzur^ Broch. 

Tlie colour of this mineral is Prufnan-blu'c, 
fmalt-bluc, or Iky-hlMC. It occurs in mafs, 
dinbminated, or in rolled pieces. It pollefles 
a faint-glimmering- lull re. Its fraflure is fine 
grained uneven. Its fragments are indeter- 
minately angular. It is gcMicrally tranflucent 
cjTi the edges. Its hardnefs is fiiperior to that 
of glufs. It is brittle and caiily frangible. 
Sp. gr. ?..76 to 2.94* 

It cifervcfcos flight ly with acids when pul- 
vcri'/c d. Before the hiowpipe it hifes its colour 
and runs into a v/h.nllh enamel. When cal- 
cined, -and then treated with the mineral acids. 
It finins with tliem a gelatinous mafs. Wlien 
ij^ated it beromes p]K 3 i'plK)r«'fccnt. A low red 
heat dce<; not impair its colour. It has been 
v.nalvzed by Klaproth,^ and appears to confilt 
of 


Siicx - - - 

46, 

Alumlno 

14.5 

Carbonat of lime 

28. 

Sulpli.^t ol lime 

6 .S 

Or yd of iron - 

'y 

0 • 

1 

1 

1 

u 
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T'hh; beautiful mineral is fald to be found in 
a V; in ucconipanicd by garnet, felfpar, and 
■ovrites, rmar the lake Baik-al in Siberia. It is 
aiVo found in Chineih Tartary. Alfo in Periia, 
Bui.havi ij and the Ifland Hainan in tlie Chinefe 
fra. It generally occurs mixed with felfpar, 
oLiariz, and iron pyrites, which laft w%is tor- 
Uicrly miibiken for fpccks and fpanglcs of native 
gold. 

From its colour, and the high polifli that it 
•s capable of receiving-, it 16 ufed in various 

.1 ^ . 


ornamental work, fuch as inlaying, feal-ftone 
See. It is alfo highly valued by painters, 
affording that beautiful and permanent, but e 
pen five pigment, ultramarine blue* 

LAPIS LYDIUS. See Kieselschssfer 
LAPIS OLLARIS. See Potstone. 
LAVA. Pave, Broch. 

The colour of lava is greyifli or greenifi 
black, grccnifli-grcy, or yellowifli-grey. It 
fpotted externally rcddifli or yellowdfli brow 
yellowifli- white, or fulphur-yellow. It ocru 
porous, carious, or veficular. Jts lullre 
vitreous, more or lefs gliileiiing. Its fra£Iu 
is imperfectly conchoidal, paifing into fi: 
grained uneven. It is llightly tranllucent 
the edges. Is moderately hard, brittle, eafi 
frangible, and light. It generally attra^ 
ftrongly the magnetic needle. It is cafily fu 
blc into a black compabl: glafs. 

It generally iiiclofes other foffils, efpecial 
cryftals of felfpar, augite, hornblende, and Je 
cite. 

It is the produft of Etna, Vefuvius, Ilec! 
and other volcanoes. 

On account of its lightnefs it is much ej 
ployed ill building ; and when difintegrated 
the a 6 tion of the air forms a foil of remarkal 
fertility. 

IjAVA GLAS. See Chalcedony. 
LAZULITE. Laztdithj Wern. LaxuHi, 
Broch. 

The colour of this mineral is a deep fma 
blue. It occurs difleminated in fine grains 
mafles of the fize of a hazle-nut. 'Fhe lati 
often prefent the appearance of fhort tctral 
dral prifms. Its fradUire is uneven with 
glimmering luftre. It is <jpake> paffing 
tranfiucent. When pulverized it has a bluil 
white colour. Its hardnefs is nearly equal 
th-at of quartz. It is brittle, and cafily frangib 

At a red heat it lofcs its colour and becon 
grey. It is infufible per fe before the blowpi] 
but with borax runs into a clear yellow gla 
It is with difficulty adled on by the acids, and 
colour is unalterable by cauftic alkali, at t 
common temperature. It contains, acebrdi 
to Klaproth, filcx, ahimine, and oxyd of ire 
but neither carbonat nor fulphat of iron. 

It occurs at Vorau in Austria, ^mixed w 
quartz, and forming a fmail vein in niicacec 
fchifius. 

L AZULITE (of Hauy). See Lapis Lazu: 

LAZURSTEIN. See Lapis Lazuli. 

LEAD. Plumbum, Lat. Phmh, Fr. A 
Germ. Saturuui, Alchem. 

I. p. x6g. 
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Lead 18 a metal of a bluiih^ey colour, is 
malleable, du£lile, and inelallic : it is very foft, 
is- fufible at lefs than a red heat, is eafily oxyd- 
able by expofure to the air when meltra, and 
its oxyd is eaCly fufible into a tranfparent yel- 
low glafs. 

§ li Ores Lead* 

I. Galena. 

f this there are the two following fub- 
Ipecies. 

\ Suhfp. Common Galen^ Gemeiner BUi^ 

{ lanZf Wem. Galine^ Brocn. Phmb Sulfure^ 
lauy. 

Its colour is a more or lefs perfe£l lead-grey, 
inclining in fome varieties to biackifii ; it fome- 
times prefents fuperficially an iridefcent tamifh. 
It occurs in mafs, difieminated or invefting; 
alfo in particular ihapes, fuch as globular, reni- 
form, fpecular, reticulated, cellular, cylindri- 
cal, &c. alfo cryftallized. 

The primitive cryftalline form of galena is 
the cube, befides which it prefents the follow- 
ing varieties. 

I. The cube with its folid angles replaced 
by triangular planes. 

2. The cube elongated and its folid angles 
replaced by pentagonal planes. 

3. The perfe£fc o^lohedron. 

4* The preceding with the edges replaced by 
long pentagonal planes. 

5. The o£tohedron with the folid angles 
doubly truncated. 

6. The o£lohedron fingly truncated on the 
From Kirfchwald, 


folid angles, and doubly or trebly truncated on 
the edges. 

The cryftals are rarely large, but generally 
middle-fizcd or fmall ; either grouped one upon 
the other, implanted, or folitary. Their planes 
are commonly fmooth, fometimes drufy, rarely 
carious or rough. The external lufire of ga- 
lena varies, according to its furfacc, from re- 
Iplendent and fpecular to glimmering. Inter- 
nally it varies from fpecular to gliilering, and 
its luilre is metallic. Its fra£ture is lamellar, 
either plane, curved, or divergent; this latter 
pafles mto radiated, the rays being (hort and 
oroad. It is divifible in a three-told re^an- 
gular dirediion, hence its fragments are cubical. 
When in mafs it is often compofed of granular 
and rarely of lamellar diftindt concretions. It 
is foft, fome what fe£lile» eafily frangible. 
Sp. g. 6.56 to 7.78. 

Before the blowpipe it decrepitates, th^n 
melts, giving out a fulphiireous odour, and, 
when this ceafes a globule of metallic lead re- 
mains behind. 

Galena confifts efientially of lead and ful- 
phur in tlic proportion of about 100 of the for- 
mer to 15 of the latter, but befides thefe in- 
gredients, iron pyrites, grey antimony, copper, 
gold, and filver, are found in various propor- 
tions, befides different earthy ingredients, chiefly 
lime and filex. The following are fome of tlie 
mod recent and accurate analyfes that have been 
made of this ore. 


in Deux Fonts. 

Kampfdein. 

Ecklerberg. 

Kantcnbach. 

Cologne. 

Lead * - . - - - 54. 

— 69. 

68.69 

— 64. — 

63.1 

Sulphur* • - - - 8. 

— x6. — 

16.18 

— 18. — 

12. 

Canxinated lime and filex - 38. 

— *5- — 

16.13 

— 18. — 

19.67 

Oxyd of iron - « ^ - 0 


0 

•— 0 — 

3-33 

100 

100 

lOI 

100 

98. z 


The above analyfes ^re made by Vauque- 
lin, to whicli we (hail fubjoin an analyfia of 
galena from Durham, by Dr. Thomfon. 

Lead - - 85.13 
Sulphur - 13.02 

Oxyd of iron 0.5 

98.65 


The proportion of filver in galena varies 
greatly, fn>m 7^ or lefs to tV ; It is obferva- 
ble that the prefence of this metal confiderably 

* Emmerllag, Lens, Hauy. l^twan, Jamefon 


impairs the luftre of galena, and that it Is 
much more frequently found in the odbohedral 
than in the cubical varieties of this mineral. 
The prefence of antimony is commonly indi- 
cated by a tendency to the radiated fraflure. 

It is next to pyrites the mod common of 
metallic ores, and is found in beds and veins 
in primitive, tranfition, and fecondary moun- 
tains. It occurs mod abundantlv in argill^ 
ceous fchidus and fecondary limenone, and is 
almod always accompanied by blende and cala- 
mine. 17o enumerate the places where it is 
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foundj would be to mention almofl all the mi- 
neral dillrifls that arc known : we fliall content 
ourfelves therefore with pointing out the princi- 
pal mines of this fubi^ance in Britain. 

Thefe are lituated in Cornwall, Devonfliire, 
and Somerfctlhire ; in Derbyfhire, in Durham, 
and the contiguous boundaries of Lancafliire, 
Cumberland, and Weftmorcland ;> in Shrop- 
fiiire, in Flint and Denbighlhire, in Merioneth 
and Montgomeryfliire ; at the" lead-hills in 
Scotland on the borders of Dumfricsfliire and 
Lanarkihire, in Ayriliire, and at Strontian in 
Argylcfliire. 

Mod of the lead of commerce is procured 
from this ore ; it is alfo made ufe of without 
any further preparation as a glazing for coarfe 
pottery. 

2. Subfp. Compa 61 ; galena. Bleifchweify 
Wern. Q aline compare y Broch. 

Jts colour jis (irnilar to but generally fome- 
what lighter than that of the preceding fubfpe- 
Cics. It occurs in niafs, diflerninated and fpe- 
culai (the fjpccular in Derbyfhire is known by 
the name of JlihenJide). The fpecular variety 
is fplendent externally, the others are only 
glimmering. Internally all the varieties are 
nightly gliftening with a metallic luftre. Its 
fraflure is even, pafTing into flat conchoidal. 
Its fragments are indeterminately angular. It 
acquires a polifla by frifton ; is more tender 
than the preceding fubfpecics, and agrees with 
it in the reft of its chara£lers. Sp. gr. 7.44. 

In its habitudes with the blowpipe it differs 
from common galena in not decrepitating on 
the firft application of heat. 

It occurs ia veins with common galena, and 
always occupies the fides of the vein. It is not 
very common. 

Sp. 2. I'riplc Siilphiiret of Lcad.^ 

Its colour is dark grey inclining to black. 
It occurs cryftallizcd* Its primitive figure is a 
re£langular tetrahedral prifm, befides which it 
prefcjits the following varieties. 

1 . The primitive cryftal with the folid angles 
replaced by triangular planes. 

• 2. '^rhe fame with 'its lateral edges replaced 
by rc£langular plailes, forming an eight-fided 
prifm. 

3. The fame terminated by a very low and 
deeply truncated tetrahedral pyramid. 

4. Four prifms with deeply truncated dihe- 
dral fumrnits joined to each other at their bafes, 
firming a rectangular crofs. 

The planes correfponding with the lateral 
faces of the original prifm arc fonj^udihally 

VhiJ. Tranf. 


ftrlated, the others are fmooth. The cryftal^ 
are large and middle-fized, with a fplendent 
metallic luftre both' externally and internally. 
Its fraCture is coarfe-grained uneven. Inhard- 
nefs it ranks between calcareous and fluor fpar \ 
is very brittle and eafily frangible. It leaves a 
faint olack trace when rubbed on paper. Sp. 

When fuddenly heated before the blowpipe 
it crackles and fplits, but if gradually heated it 
melts, and on cooling forms a globule of a dull 
metallic-grey colour; by further expofure ta- 
the flame a white and ibmewhat fulphureous 
vapour is difengaged, confi fling of fulphur and 
antimony, and there remains behind a cruft of 
fulphuretted lead, inclofing a globule of metal- 
lic copper. It has been analyzed by Mr. 
Hatchett with the following refult. 

17. Sulphur. 

42.62 Lead. 

24.23 Antimony. 

12.8 Copper. 

1.2 Iron. 

97.85 
2.15 Lofs. 

100. 

It has hitherto been found only in the mine 
Huel-Boys, in Cornwall. 

Sp. 3. Blue Lead Ore. Blaubleyerxy Wern. 
Mine de Plomb bleucy Broch. 

Its colour is intermediate between lead-grey 
and indigo-blue ; it alfo pafles fometimes to 
fmoke-grey and black. It occurs fometimes in 
niafs,. but ufually cryftallizcd in fmall fix-fided 
prifms, perfcftly equiangular, often a little 
bulging, and the external furface of which is 
fomewhat rough and dull. Internally it pof- 
fefles a feeWy-glimmering metallic luftre. Its 
fraClure is even, pafTmg into fine-grained un- 
even and flat conchoidal. Its fragments are 
indeterminately angular. It is opake, gives a 
fhining metallic ftreak, is foft, fomewhat fe£Hle, 
and eafily frangible. Sp. gr. 5.46. 

It fufes readily before the blowpipe, then 
burns with a’ weak blue flame, giving out a 
penetrating fulphureous vapour, and is reduced 
to a metallic globule. 

It has not been regularly analyzed. Klap- 
roth difeovered in it fome .phofphoric acid, and 
the Other conftitiient parts are' probably fulphup 
aiid Qxyd of* lead. . * ' ’ 

It has hitherto been found only at Zfchoppau 

i8o4jV3a - " 
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in Saxony, in veins accompanied by black and 
brown lead ores, carbonat of lead, malachite, 
quartz, floor fpar, and heavy fpar. 

Sp. 4. Carbonat of Lead. W'eifs Ble^crx^ 
Wern. Miue de Plomb blanche^ Broch. 

Its colour is grcyifli or yellowiih-white, yel- 
lowiih-grey, cream-yellow, and light clove- 
brown, fonietimes though rarely dark afli-grey. 
It occurs maflive, difleminated, and fuperheial ; 
but mod frequently cryftallized. Its primitive 
figure is a rediangular oftohedron, diviflble pa- 
rallel to the common bafe of the two pyramids 
of which it is compofed. The chief varieties 
of cryfliallizatlon that it exhibits ^re, 

1. The cuneiform oftohedron. 

2. The pyramidal dodecahedron. 

3. The preceding with a fix-fided prifm in- 
terpofed between the pyramids. 

4. The fame as var. 3. with fummits of the 
terminal pyramids replaced by a fix-fided plane. 

5. A fix-fided prifm with the fummits com- 
pofed of four planes, the oppofite ones being 
equal and fimilar. 

6. The fame with the fummits compofed of 
fix planes, the correfponding ones being equal 
and fimilar. 

The cryftals arc ufually fmall, rarely middle- 
fized, either folitary or in groups : their furface 
is generally fpecular and fplendent, fometimes 
a little rough or ftriated, and then only gliften- 
ang. Internally its luftre varies from highly 
refplendent to gliftening, and is that of the 
diamond, inclining on the one hand to femi- 
anetallic, and on the other to refinous. Its 
fra£l:ure is fmall conch'oidal, palling into fine- 
grained uneven and fine fplintery or imper- 
fe^ily fiUrous.' Its fragments are indetermi- 
nately angular. It varies from tranfparent to 
tranflucent, and is in a remarkable degree 
doubly refrafling. It is foft, brittle, and eafily 
frangible. Sp. gr. 6.0 to 7.2. 

Before the blowpipe it decrepitates, becomes 
yellow and then red, and if heated on charcoal 
is immediately reduced. It effervefccs flightly 
in cold nitrous or muriatic acid, but more 
vigoroufly if the menllruum is warmed. It is 
blackened by hydrofulphuyet of ammonia. It 
is often confounded with columnar heavv fpar, 
but may be readily diftinguilhed from tnis by 
its fuperior fpecific gravity and its habitudes 
with the blowpipe and hydrofulphuret of am- 
monjla. ^ There are feveraJ analyfes of this ore, 
but perhaps the molt fatisfa£tory are the fol- 
lowing. 


From Zittorfcld, From Lead-hills, 


by Weftrumb. 

by Klaproth. 

Oxyd of lead 

8 1.2 

77 Lead 

Carbonic acid 

16. 

5 Oxygen 

Oxyd of iron 

0-3 

16 Carbonic acid 

Lime - 1 

0.9 

2 Water and loli 


98.4 

too 


Carbonat of lead is alinofl: always accompa- 
nied by galena, and appears to be more fre- 
quently found in argillaceous fchiilus than in 
any other kind of rock. It is by no means a 
rare mineral, but feldom occurs in fuflicietit 
quantity to be worth feparating from the ad- 
hering fpar, &c. for the purpofe of fmcltlng. 
The lineft fpccimens of this ore that arc found 
in Britain come from the mines of Dcrbylhire, 
of Lead-hills in Scotland, and Mincra in Den« 
bighfliire, at which lafl: place the compadt va-^ 
riety is remarkably abundarft. 

Bp, 5. Black Lead Ore. Schwartz Bleyerz^ 
Wern. Mine<de Plomb Nolr^ Broch. 

Its colour is greylfh-black palling into fiiioke- 

E . It occurs in mafs, difleminated or cel- 
\ or cryftallized in fix-fided prifms, cither 
fimpic or terminated by dihedral fummits. 

The cryftals are fmall and grouped con- 
fufedly in drufes. Their furface is fometimes 
fmooth, fometimes ftriated longitudinally. Ex- 
ternally it is fplendent or finning. Internally 
it is fliining or gliftening, with a luftre ap- 
roaching to femi-metallic. Its fradlure is 
ric-grained uneven, palling into imperfedlly 
conchoidal. Its fragments are indeterminately 
angular. It is opake, or at moft tranflucent on 
the edges. It gives a greyifli -white ftreak ; it 
is moderately hard, brittle, and eafily frangible. 
Sp. gr. 5.77. 

Before the blowpipe it decrepitates, and is 
quickly reduced to a metallic globule. It has 
recently been analyzed by Lampadius, and ap- 
pears to confift of 

^72. Lead 

7. Oxygen 
1 8. Carbonic acid 
2. Carbon 

99 

It occurs in veins of galena, principally of 
the moft recent formation. »It ulki^lly occupies 
the upper part of the vein, incrufting galena, 
and being itfelf covered by drbonat or green 

B 2 
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phofphat of lead. It is found in the Lead-^iills 
in Scotland ; in Bohemia and Saxony ; in Briu 
tany in France^ and in Siberia. 

6. Muriat of JLcad.^ Corneous JLead Ore^ 
Jamefon. Hornblei^ Karften. 

Its colour varies from the paleft grey to wine- 
yellow. It occurs cryltallized in cubes, either 
fimple or terminated by tetrahedral pyramids^ 
or Wirelled on the edges. The cryftals are 
middle-fized and fmall, and have a fplendent 
vitreous luftre. The principal fra£iure is foli- 
ated, the crofs fraf^ure conchoidal. It is tranf- 
parent or femi-tranfparent. It is much fofter 
than carbonated lead i and is eafily frangible. 
Sp. gr. 6.05. 

, When heated on charcoal before the blow- 
. pipe it runs into an opake orange-coloured glo- 
bule, which on cooling becomes firft yellow 
.and then white. At a high heat the globule 
fuddenly fpreads over the charcoal, the acid flies 
olF in vapours, and there remain behind minute 
graina oz metallic lead. 

It has been analyzed by Klaproth and Mr. 
Chenevix with the following refults. 

85,5 2 $ Oxydoflead 

8,^ 8 Muriatic acid 

6.0 6 Carbonic acid 


loo^o 


99 


It has hitherto been found only at Matlock 
in Derby (hire, upon galena. 

Sjp. 7. Brown Phofphat of Lead. Braun 
Bieyerxj Wern. Mine de Plomb brune, Broch. 

Its colour is hair-brown, palling on one lide 
into grey, and on the other into clove-brown. 
It occurs rarely in mafs, but generally cryftal- 
lized in lengthened (ix-lided prifms, lometimes 
fo flender as to become capillary. The ftirface 
of the cryftals is blackilh and rough : internally 
it is glinening, with a reflnous luftre. Its 
£:a£fure is fmall grained uneven palling into 
fine-fplintcry. Its fragments are indetermi- 
nately angular. It is more or lefs tranllucent, 
gives a white pj^der, is foft, moderately brit- 
tle, and eafllyupangible. Sp. gr. 6.6 to 6.9. 

Before the browpipe it melts very eafily, but 
is not reduced to the metallic ftate ; by cooling 
concretes into a radiated mafs. Jt does not 
effervefee with acids. 


According to Klaproth it confifts of 
Oxyd of lead - - 78.58 

Phol^horic acid - 19.73 

Muriatic acid - - i.6^ 

99 * 9 ^ 

It occurs in veins at Huelgoet in Brittany^ 
at Miefs in Bohemia, near Schemnitz in Hun- 
gary, Safflta in the Bannat, and Zfchbppan in 
Saxony. 

Sp. 8. Green Phofphat of Lead. Gnin 
BUyer%^ Wern. Mine de Plomb verte^ Broch. 

Its ufual colour is olive-green, but it alfo ex- 
hibits feveral other (hades of green, fuch as 
grafs-green, greenilh-white, piftachia, and yel- 
low green, whence it pafles into fulphur-yellow. 
It occurs fometimes in mafs, or reniform or 
botryoidal, but mod commonly cryftallized. 

Its primitive form is the pyramidal dodeca- 
hedron,* confiding of two fix-fided pyramids 
joined at their bales. The varieties of cryftal- 
lization which it has been found to exhibit 
are 

I. The regular hexahedral prifm. 

' 2. The fame, with the lateral edges yeplac^ 
by re£Iangular planes, thus forming a dodeca- 
hedral prifm. 

3. The hexahedral prifm terminated at each 
extremity by a hexahedral pyramid. 

4. The lame with the apex of the terminat- 
ing pyramid replaced by a hexagonal plane. 

The cryftals are generally fmall and very 
fmall, either folitary or in groups. Sometimes 
the cryftals are fo minute as to appear like a 
fine down. 

The furface of the cryftals is fmooth and 
Ihining ; internally they are glilleniug, with a 
relinous luftre. The fraflute is fmaU-grained 
uneven, verging fometimes upon fplintery. Its 
fragments are indeterminately angular. It is 
tranflucent, very rarely femi-ttanlpareht. Its 
hardnefs is fuperior to that of carbonated lead 1 
it gives a greenilh-white powder, is brittle, and 
eafily franjrible. Sp.gr. 6.2 to 6.9. 

Before me blowpipe it becomes of a greyifli- 
white and melts very eafily, without decrepita- 
tion, into a globule; but ihows no figns of 
reduflion. Ii the globule is cooled flowly it 
forms a polyhedral liriated foHd. It is foluhle 
difficultly, and without elFefvefcence in the 
mineral acids.. 

The three fubfequent varieties of this mine- 
ral have been analyzed by Klaproth with the 
following refults. 


KiebrifanU Journal, 4tD. iv. p. SZ9. Klapr. Analyt. Eff. ii. p. IZl. 
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.7tilowhk*|reesi phofphatj Grafs«green phofphat, from Lemon^ellow phofphalTj. 
from Zfchoppau. Hoffsgrund m the Bitfgao. from Wanlocn-head. 

rj%^ ■ ■ ■ ■■■ 77.1 — - 80. Oxyd of lead 

18.37 — — — I ■ 19. — — - — i* " - i8. Pholphoric acid^ 

1.7 — — ■ **S 4 ~ — i,6a Muriatic acid- 

0.8 - — ■ — o.t — — ■ ■■■■ o. Oxyd of iron 


. A fpecimen from Erlbach on the other hand 
inraa found by Vauquelin to contain 
45.18 Lead 

« 18.7 Phoiphoric acid 

4.05 Oxygen 
32. Sileit 

99-93 

This mineral is found in veins both in primU 
tive and fecondiny mountainsj but chiefly in 
the former of tliefe. It is accompanied for the 
moft part with galena^ carbonat of lead^ and 
iron ochre^ with quartz^, heavy fpar^ and cal» 
oareous fpar. 

It is met with in Bohemia, Saxony, Bavaria, 
ihe Brifgau, France, Scotland, and Iberia. 

Sp. 9. Sulphat of Lead. Blei Vitriol^ Went. 
Vitriol de Plomb notify Broch. 

Its colour is greyilh or yellowilh-white, paf- 
fing into fmoke and afli-^rey. It has been 
Ipund only cryilallized. Its primitive figure is 
an o£iohedron, compofed ox two tetrahedral 
pyramids with rc^ngular bafes \ the other va- 
rieties are 

x. The cuneiform odohedron. 

2. The fame with the long fides of the com- 
^on refiangular bafe replaced by two hexagonal 
planes. 

3. 'Hiecfameias var. 2, with the edges of the 
pyramids adj|acent to the common bafe replaced 
py fecohdary feur-fided planes. 

4* A very fliort eight-fided prifm terminated 
by fummits of eight planes placed upon the cor- 
refiponding fides of the prifin. 

Externally the cryftals are fmooth and film- 
ing \ internally they arc fplendent with a vitre^ 
ous luitre. The iraflure of this mineral , is 
compaA. It* is, more or lefs tranfparent palling' 
into tranflucenh It is foft, fomewhat brittle, 
apd eafily frangible. ^ Sp. gr. 6.3. 

Before the Blowpipe it decrepi^tes on the 
firft application of the flame, but when previ- 
oufly pulverized it melts into a brilliant Icoria, 
which by continued ignition on the charcoal is 
reduced to metallic lead. It has been analyzed 
by Klaproth with the following refults. 


Fronr Anglefey. From Wanloch-head. . 

71. — 70.5 Oxyd of lead 

24*8 — ~ 25.75 Sulphuric acid 

2. ~ — 2.25 Water 

— _ o. Oxyd of iron 

98.8 98.5 

It occurs in veins of galena at Wanibch-head, 
and in the province of Andalufia in Spain, and 
in a bed of cellular quartz with iron pyrites 
and iron ochre at Parys mine in Anglefey. 

&p. 10. Arfeniat 01 Lead. ^ 

Of this there are two fubl^ecies. 

1. Subfp. Reniform Arfeniat. Bleiniere^YLzx^ 
(ten. 

The colour of the recent fracture is brown- 
i(h-red, but by expofure to the air it paflTcs into 
ochre and (traw-yellow. It occurs in reniform 
mafles,. the furface of which is rough and un- 
even. Internally it is gliitening with a relin^- 
ous luftre. Its fradture is contmoidal. It oc- 
curs in coarfe-granular diftind^ concretions \ is 
opake \ gives a dull orange-yellow (Ireak \ is 
foft and brittle. Sp.-gr. 3.92. 

Before the blowpipe it melts, emits an arfc« 
nical odour, and at length is converted into .a 
black Ihining globule, in which grains of lead 
are obfervable. 

According to an analyfis by Bindlieim it con- 
fifts of 


35 * 

Oxyd of lead 

2J^. 

Arfenic acid 

*•5 

Silver 

14. 

Iron 

7 - 

Silex 

3 * 

Alumine 

'10. 

Water 


9 SS 

It has hitherto been found only at Ncrtf— 
chinlk in Siberia. 

2. Subjp* Green Arfeniat of Lead. 

Its colour varies from meadow-green to wax- 
yellow. It occurs in. needles, in fine filaments, 
in compact mafles, and granular concretions^* 
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Its luftre' varies from filky to refinous. It is 
tranfluccnt, moderately brittlCf and eafily fran- 
gible. Sp. gr. 5.04. 

Before the blowpipe it gives out an -arfcnical 
vapour, and is reduced to a metallic globule. 

It occurs in veins with galena in Andalufia 
in Spain, and in the department of the Saone 
and Loire in Prance. 

The arfenico-phofphat of lead of Ilauy may 
probably alfo be referred hither. Its colour is 
ycllowifli-green ; it occurs in mamillary mailes, 
iludded with brilliant points. Before the blow- 
pipe it gives out an arfcnical o<lour. It contains, 
according to Fourcroy, by whom it has been 
analyfed, 

50 Oxyd of lead 
29 Arlenic acid 
14 Phofphoric acid 
4 Oxyd of iron 
^ 3 Water 

100 


It is met with in a mine at Rofiers in Au- 
vergne. 

Sp. II. Molybdat of Lead. See Molyb- 

DENA. 

Sp. 12. Chromat of Lead. See Chrome. 

Sp. 13 . I^ead Ochre. Bleyerde^ Wern. 
Plomb ivrreux^ Broch. 

Of thefe there arc two fubfpecies. 

1. Snbfp. Indurated. 

Its colour is yellowifli or grecnifli-grey, 
ftraw-yellow, apple-green, fmoke-grey, and 
light brownifh-red. It occurs in mafs. Inter- 
nally it is glimmering or gliftening, with a re- 
sinous luftre. Its fra^Iure is fine-grained un- 
even, pafljng into fine fplintery and earthy, alfo 
into flat conchoidal. It is opakc or at moft 
(lightly tranflucent on the edges. It gives a 
brownifli ftreak 5 is foft, pafling into friable ; is 
not very brittle, but is eafily frangible. 

It is reducible before the blowpipe, efFer- 
vcfccs with acids, and is blackened by hydro- 
ful phuret of ammonia. 

It occurs with the other ores of lead, and is 
ufually accompanied by iron pyrites and ma- 
lachite. 

2. Sf/bjp. Friable. 

Its colour is ycllowifii-grey approaching to 
fulphur-yellow. It occurs mafilvc, difleminat- 
ed, and fuperficial. It is compofed of dull, 
dully, friable particles ; is meagre and rough to 
the touch, and is heavy. 

It is found to accompany galena and the 


other ores of lead, and is found at Wanloch** 
head and the Lcad-hiils in Scotland, in the 
Hartz and Saxony, in Poland, and Siberia. 

§ 2. Smeiting and Redu^ion of Lead Ore* 

The only ore of lead that is wrought in the 
large way is galena, and the method of treat- 
ing this is very Ample, partly on account of 
tlic rfehnefs of Uie ore and partly on account of 
the low price of the metal itfelf, which there- 
fore will not admit of any but the moft fum- 
mary mctliods of bringing it into a marketable 
ftate. 

The ore when firft brought up from the 
mine is drejfed by women and boys, who with 
a hand-hammer feparate the greater part of the 
adliering impurities, confiding of blende, iron 
pyrites, quartz, calcareous fpar, &c. The 
refidue being broken into pieces about the fize 
of a hazle-nut is walhcd from all adhering clay 
and dirt, and is then ready to be fmcltcd. The 
furnace ufed for this purpofe is the com- 
mon reverberatory with a low arch. A ton or 
more of the ore is fpread on the floor of the 
furnace, and by means of the flame from pit- 
coal it is quickly brought to a bright red heat. 
In this fituation it is occafionally ftirred with 
iron rakes to expofe frefli furfaces to the aflion 
of the flame and facilitate the feparation of the 
fulphur. Ill a (hort time the mafs begins to 
acquire a party confiftence; upon which the 
heat is lowered and the ore is kept at a dull 
red till the fulphur is nearly all got rid of ; the 
fire being then increafed the ore is brought to 
a ftate of perfeft fufion, and vifibly confifts of 
two fluids ; the lower is the metallic lead, the 
upper is a vitreous flag, ftill holding a confidcr- 
able portion of lead but mived w^th various 
impurities. In this date of the procefs the fire 
is damped and a few fpadcfuls of quicklime 
are thrown into die fluid mafs ; ‘ by this the 
fcorite are fuddenly folidifici!, and arc raked to 
the fide of the furnace ; the tap-hole is then 
opened, and the lead runs into moulds placed 
to receive it, where it congeals into oblong 
mafles called p^gsy weighing about 60 lbs each. 
As foon as the load has run out of the furnace, 
the tap-hole is clofed, the fcorix are replaced 
in the bed, and being quickly raifed to a glow*^ 
ing red heat are foon melted ; the greateft part 
of the lead that they contained by this means 
collefts into a mafs at the bottom ; a little lime 
is thrown’ in as before, the fcorix thus ren- 
dered foUd are raked aflde, and the lead which 
they covered is let off into a mould. This 
fccond fcoria, though ftill holding from 5 to 
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8 per cent, of lead, is now removed from the 
furnace^ and applied to no purpofe but that of 
mending roads, the expence of feparating the 
laft portions of metal being more than the value 
of the produce. 

The lead of the firft running is the beft ; 
diat procured from the fcorix being fenfibly 
harder, and lefs malleable on account of the 
bron that it contains. 

It is a matter of doubt, among the moft in- 
telltgeiit fmelters whether there is any advan- 
tage in retaining the carbonat of lead, with 
which the galena is very often mixed in con- 
fiderable proportion. On the one hand it is 
certain that it contains a large quantity of 
metal, and in affays is very eafily reducible; 
but on the other hand, when treated in the re- 
verberatory it vitrifies almoft at the firft im- 
preflion of die heat, and being a very a£live 
flux it is apt to bring the whole into fufion 
while much fulphur ftill remains unfublimed ; 
hence the amount of fcoriae is procligioufly in- 
creafed, and with it the trouble of the fmelters, 
while the produce of lead is very little aug- 
mented. 

§ 3, A[f<iy and Analyfts of the Ores. 

The analyfis of the ores of lead is upon the 
whole extremely limple. In general the moift 
way is the moft accurate. 

Before giving the individual procclTes the 
general methods may be mentioned wherebv 
lead is feparated from the other metals witn 
which it is ufually combined in the different 
ores, and the data on which it may be eftimated 
in analyfis. 

Lead is readily feparated from filver by making 
a folution •of b<3th in nitric acid, and addirrg 
muriatic acid as long as any precipitate appears. 

The filver falls down in die form of lima 
cornea, and with it a quantity of muriat of 
lead, yd if the mixture Hands fome hours un- 
difturbed, this latter fait alfo forms needled 
cryllals on the furface of the hma cornea. All 
the filver falls down in this manner, but part 
only of the lead, and the muriat of lead is 
feparated from the luiia cornea by boiling water, 
22 parts of which will diflblvc i of muriat of 
lead, but not a particle of the muriat of filver. 
The folution of the muriat of lead is Hill more 
eafily efle£fed by digefting in dilute nitric acid, 
which diflblvcs it readily, but not the luna 
cornea; 

Lead, fs feparated from bifmuth by diflblving 
both to faluration in nitric acid, either concen- 
trated, or diluted with no more than a fourth of 
water,.and then pouring the concentrated folution 


into a large quantity of water. The oxyd of Kf-' 
muth then feparates as a heavy white powder; 
and the lead remains diflblved. Some bifmuth 
however remains, but to the folution may then: 
be added a faturated folution of fulphat of foda, 
which will precipitate the lead only in the form 
of a white pulverulent fulphat of lead, the com- 
pofition of which will be prefently mentioned. 
But where all the bifmuth is to be obtained for 
the purpofe of analyfis, and not merely to be fe-. 
parated from the lead, it is better after the bif- 
muth has firft pccipitated, to add muriatic acid to- 
the clear folution, which will throw down the 
filver, if there be any, and alfo fome inuriat of 
lead, mixed with fome of the bifmuth that 
remains in the folution, and which laft if rc- 
diffolved in nitric acid, will again be decompo- 
fed by water as before. The whole muriat of 
lead may then be diflblved in water and nitric 
acid, and converted into a fulphat by means of 
fulphat of foda as before. • • 

Lead is feparated alfo from iron and copper 
by diflblving both in nitric or muriatic acid, 
and adding fulphat of foda to precipitate the 
lead. If the nitric acid be iifed, fome of the 
oxyd of iron will firft precipitate as a brown red 
ochre, wliich fliould be removed. 

The fame method will feparate lead from tin, 
cobalt, and zinc. 

The compofition of the fulphat of lead arti- 
ficially formed in thefe procefles, has been given 
with fome fmall variation by different chemilts; 
Klaproth eftimates it as follows. 

100 parts of fulphat of lead, dried at a Aw 
red heat^ arc compofed of 73.96 of oxyd of lead 
and 26.04 of fulphuric acid, and the above oxyd 
of lead is compofed of 69.44 of metallic Icail, 
and 4.52 of oxygen. Tliis is not the only ftate 
of oxygenation of which lead is capable, but it 
is that in which, according to Klaproth, it is 
inferred to exift in all the native faltj and oxyds 
of this metal hitherto analyfed. 

It muft be obferved how'^cver, that this calcu- 
lation gives a much lower ftatc of oxygenation 
than is found by other experiments, as will be 
noticed prefently, and the eftimation of the 
quantity of metallic lead is made by other chem- 
ifts, and even in other experiments of Profcflbr 
Klaproth, to rife as high as about 71 per cent. 
Mr. Hatchett reckons it to be 70.9. 

But where the muriat of lead is free from 
other admixture, the quantity of metal may be 
eftimated without converging it. into a fulphat, 
by the following data; 100 parts of lead dif- 
folvcd in nitric acid, and decompofed by drop- 
ping in muriatic add as long as any turbidnefs 
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and «ri^nrted toi 'perfieA dirneis (but 
i(b^ of Tolatilizaticm of any part of tne combi> 
lied muriatic acid) produced 133 of muiiat of 
l^adi and confequently loo parts of dxy muriat 
4 >f lead iadicate 75 .at nearly, of metallic lead, 
and (if oxygenated in the fame degree as in the 
iMpMt) 4.89 of oxygen, or 80.09 of oxyd of 
lead. 

' The muriat of lead may alfo be reduced by 
dijOblving it in water and immerlin^ a rod of 
iron» whereby the lead will be precipihited in 
ihe metallic ftate in fine lamellae. 

Some of the analyfes of the individual lead 
ores may. now be mentioned. 

Vauquelin analyfed a galena from Cologne 
in the rollowing way.^ 

A quantity was roafted flowly and loft 12 
per cent, of fulphur in the procefs. Anotlier 
quantity was heated with very dilute nitric acid, 
which gave a fmell of fulphuretted hydrogen, 
and diftolved all the metallic part. The un- 
diflblved refidue heated to rednefs, patted widi 
its fulphur, and 16^67 per cent, of filex was 
left, ^e nitric folution was then deconmofed 
by fulphat of foda, and the fulphat ot lead 
collef^cd and weighed. The proportion of 
metal it contained (eftimating 100 of the fulphat 
to be equivalent to 75*72' of metal) was 03.1 
per cent. Ihe liquor was then faturated with 
ammonia, which depofited 3.3 of oxyd of iron, 
and laftly carbonat of potam threw down 3 of 
catbonat of lime. 

In the dr^ way the galena after roafting may 
be mixed with tlnice its weight of black flux^ 
covered with fait, and melted, when a button of 
reduced lead wi^ be found at the bottom, which 
will- alfo contain the lilver and other metals, if 
prefimt. 

‘ The triple fulpfiuret of lead, antimony, and 
copper found in Cornwall, was thus analyfedhy 
Mr. Hatchett. 

Two hundred grains were put into a matrals 
with 2 ounces of muriatic acid, and heated, and 
nitric acid was added drop by drop, till the 
whole moderately effervefeed. It was then 
gently heated for an hour, and a green folution 
was formed, on which floated a quantity of 
flilphur, which was colle&ed, digefted feparate- 
]y with a little muriatic acid, and then waflied 
and dried. It weighed 34 grains, and after- 
wards burned away in a red hot earthen cup, 
without refidue, and therefore was pure. The 
folution, with the muriatic acid in which the 
fulphur had been waftied, was boiled, and then 
mixed with 6 pints of boiling diftiUed water, 

* Joura. des Kfinet, Ns. 68. 


which it rendered inftantly m 3 ky, and was. 
filtered while hot, and the filter waflied with^ 
more boiling water. The white precipitate left 
on the fiker, when dried on a fand bath, 
weighed 63 grains, and was oxyd of antimony. 
The liquor with the wafiiings depofited on 
cooling fome cryftallized muriat of lead. It 
was evaporated nearly to drynefs, and a few 
drops of fulphuric acid added to the liauor left, 
to ftparate in the form of a fulphat, wnat little 
of the lead remained in folution. The refidue 
was then rediilblved in boiling water, and de« 
compofed entirely by fulphat of foda, and the 
fulphat of lead thus pr^uced, (added to die 
former portion) was waflied and dried on a fand 
bath, and weighed 120.2 grains. 

The liquor which was now blueifh-green, 
was rendered of a deep blue by ammonia, and 
a fmall quantity of oxyd of iron feparated, 
which when dried and heated with wax, be« 
came magnetic, and weighed 2.4 grains. 

The liquor was then evaporated nearly to 
drynefs, ooiled with a ftrong lixivium of potafk 
till nearly dry, and on wafliing with water, 
fome black oxyd of copper was left weighing 
32 grains after thorough drying. 

In the above analyfis the metals are eftimated 
as in their metallic itate, this being the ftate ill 
which they exift in the fulphurets, and hence, 
for the 63 grs. of oxyd of antimony, 48.46 of 
the regulus are to be put down, and for die 
120.2 of fulphat of lead,* the author eftimates 
85.24 of metallic lead, which is in the propor* 
tion of 70.9 in loo. 

The carbonat of lead was analyfed by K^roth 
in the following way: 100 gprains were dimlved 
in a mixture of 200 grains of nitrib acid with 
300 of water, and the lofs of weight by the 
effervefcence noted, which amounted to 16 grs. 
and was carbpnic acid. The nitric Iblution wai 
then diluted, and a cylinder of zinc, immerfed, 
which precipitated the lead in the metallic ftate 
in beautiful vegetations. This waflied and 
driefd, weighed 77 grains, equivalent to 82 of 
oxyd, as it is in tnis ftate that the lead exifts in 
the ore. This proportion howevex, would ghre 
an increafe of only 6.5 of oxygen upon lop of 
lead. 

That rare variety of lead ore, the compowid 
carbonat and muriat of lead, has been aiwyfed 
both by Klaproth and Chenevix. By Klaprckh, 
the following method was purfued: fifty grains 
of the oxe were rubbed wim 150 of very pure 
carbonat of potafli, (preyioufly med fxbm every 
muriat) and heated , in a pladna crucible to a 

^ EOayt Vol. a. 
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moderate rednefst then lixiviated an d^ tcred* 
An oxyd of lead was left behind. Tne folu- 
lion was fli^htly fufierfaturated with nitnc acid 
and precipitated with nitrat of Giver. The 
muriat of Giver thus obtained weighed 27 grains^ 
equal to more than 4 of concrete muriatic acid. 
Another quantity of the ore of 100 sprains was 
then powdered and nitric acid affiilM, which 
produced an efFervefcence of carbonic acid. 
This folotion gave with nitrated Giver 55 grains 
of Juna cornea^ correfponding very clofely in 
proportion with thq former experiment, the 
acid of which amounted to 8.5 grains. The 
lead was then precipitated by cau/ilc potaih and 
the oxyd thus procured weighed^ after thorough 
drying, 854 grainsj which is die ftate of oxy- 
genation in which it is fumofed to exift in the 
ore. In this cafe, therefore, 85.5 nains of 
oxyd of lead were combined with only 8.5 of 
muriatic acid which is far fhort of the faturat- 
ing quantity, Gnce in the artiGcial cryftallized 
muriat of lead the proportion of acid amounts 
to 13 or 14 per cent. This deGcient faturatiop 
therefore allows the prefence of carbonic acid, 
which amounts' to 6 grains, and completes the 
faturation of oxyd. 

A Gmilar ore was analyzed by Mr. Chenevix,* 

... 


for Ibme time in a red heat in a nladiut^ 
which gave a veddifliHyellow nardenei. 

This, mgefted with watery was all 
except the oxyd of lead le{Utfated in the j 
vious proceGi, amounting to 7 a gt^s, 
ftrong drying. This oxyd was radSflplved int^ 
nitric acid, and depoGted thereby one grain of 
oxyd of iron. The folution was then deoom^ , 
poled by zinc, and yielded 66.5 sprains of me* 
tallic lead. The alta line fluid mcmed by die 
wafliing of the contents of the crueflde, after . 
ignition, was then faturated widi nitric acid 
and acetate of barytes added as long any fulphat 
of barytes was precipitated. This amounted to 
73, grains, equal to 24.8 of concrete fulphuric 
acid on the eftimatlon that xoo parts (after 
ignition) contain 34 of acid. The iron in this 
ore appears merely cafual. 

The phofphatea lead ores have been alfo ex- 
amined oy the fame eminent chemift with much 
attention. The compoGtion of all die varieties 
is very uniform,, all conGlfing of phofphortc 
acid and oxyd of lead, together with muriatic 
acid, the quantity of which varies very little. 
It is a diltinguilhmg and Gngular property of 
the phofphat of leao, that when melted into a 
round bubble under the blow-pipe it afliimes a 


nearly in the fame way and with the fame re- regular polygonal gamet-fliaped form on the 

fiilt. The ore was Grft diflblved in nitric acid, jsr..? — 1 — 

and the quantity of carbonic acid, amoimting 
to 6 grains, eftimated by the lofs after efier- 
vefcence. The folution was then neutralized 
by ammonia, and tried by different tells. As 
mtrat of lime gave no precipitate, the folution 
could not contain either the arfenic or molyb- 
dic or phofphoiic acids, and as nitrat of barytes 
gave none, the abfence of fulphuric acid was 
proved. * c ♦ 

^ Nitrat of Giver., was then added and a co- 
pious precipitate enfued, and the luna cornea 
weiglM after drying 48 grains, which Mr.* 

C. animates as equivalent to 8 of muriatic acid. 

The compoGtion of the ore is thus ftated: 

6 grains of carbonic acid faturate 34 of oxyd of 
lead, and 8 of muriatic acid faturate <x of 
€»xyd of lead, and the acids may be fuppofed to 
be in the ftate of petfefil faturation, confe- 
quently the ore is compofed of 59 * muriat ot 
lesA and 40 of carbonat of Iead| or of 14 of 
acid and 85 of oxyd. 

The Anglefiea fulphat of lead was thus ana- 
lyzed by Kbproth : 100 grains were Grft ignited 
moderately and loft 2 grains, which were water 
of cryftaUization. The remainder was mixed 
wifh 400 grains of carbonated potalh, and kept 

■ PhiL Joum 

TOL. u. SOCIEt^ 


moment of folidil^ing by cooling. 

The green phofphat was thus analyzed : after 
fome imperfeA attempts at reduAion in the 
dry way, too grains ox the ore were diflblved 
in hot nitric acid leaving no refldue. Nitrat of 
Giver then gave a preopitate of xx grains of 
luna cornea, the muriatic acid of which amount- 
ed to 1.7 grains. Sulphuric acid was then 
added to the warmed mlution, by which ful- 
phat of lead was precipitated, weighing after 
Ignition. X06 grains, equsd to 73 ^^ of metallic 
lead or 78.4 of the oxyd* Tile liquor was 
then freed from the excets of fulphuric acid by 
nitrat of barytes, it was then nearly faturated 
vridi ammonia, and acetite of lead added. The 
phofphoric acid in the folution was then preci- 
pitatra in dw form of phofphat of lead, weigh- 
ing, after ignition, 82 grains, of which the 
mere acid amounts to 18.37 grains. The reft 
of die folution was then mixed with a little 
muriatic acid, infpifliated by evaporation, and 
alcohol added to rediflblve the muriat of iron 
then formed, if any, from which by the addition 
of prufliat of poufti there was obtained an ex- 
tremely fmall blue precipitate, indicating no 
more man about . 1 of a grain of oxyd of iron. 

In another experiment the phoipboric acid, 

4te. Tsl.iT. 
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inftead of being engaged with leadj was fatu* 
lilted partly by foda^ partly by ammonia^ and 
by due ^aporation and cooling, cryftals of the 
mierbcofmic fait, or the phofphat of foda and 
ammonia were obtained. The other varieties of 
dits phofphat were analyacd in the fame way. 

!W ith Regard to the analyfis of the molybdat 
of lead the reader is referred to the article Mo^ 
Miena^ and to Chrome^ for the Chroniat of 
i^d. Thofe ores in which lead is only a fmall 
part of the metallic contents will be deferibed 
ulnder the other metals as filver, bifmuth, &c. 

The compound of oxyd of arfenic, lead, and 
iron, examined by Lelievre and VauqucHn**, 
^re the following appearances : loo parts 
rodillejd for half an hour, with a little fuet added 
occ^onally to favour the evaporation of the 
arfenic> loil 38, and became black and magne- 
tical. The remaining 62 parts boiled in muri- 
atic acid made a red lolution, giving out much 
oxymunatic acid gjvs, and cryftallized muriat of 
lead was depolited. This (olution evaporated, 
rediflblvcd in water, and dccompofed by fulphat 
of foda, gave 25 of fulphat of lead, equal to 
20.2 of lead or 22 of the oxyd. The refiduc, 
fatufated with ammonia, gave 39 parts of oxyd 
of iron. 

The analyfis of lend ores in the dry way is 
attended with much more lofs of the nieiaJHc 
contents, cfpccially when alkaline fluxes are 
ufed, all of which aft more or lefs on this 
oxyd. 

Lfad is a metal of a blueifli-white colour, 
almoft filver-white when recently melted, but 
Very foon tarnifties. It gives a peculiar fmcll 
when rubbed or heated. Its fpecific gravity, 
according to BrifTon, is 11,352. It is very 
malleable, readily extending under the hammer 
into very thin leaves, but its tenacity is Icfs 
than that of any other metal, for a wire of 
an ‘inch in diameter will break with a weight 
of 30 lbs-. 

£ead is the leaft fonorous of all the metals, 
giving when ft ruck a very flat heaw found. It 
melts long before being red-hot. The melting 
point of this metal has been varioufty given, 
owing to the known irregulanty of the merSb- 
rial therrhonieteTS at very high temperatures. 

Morveau gives it at 590* Fahr. According 
to Mr. Crichton it is 612®. When flowly 
cooled it cryftallizes in quadrangular pyramids. 
Heated fully to redtiefs it fmokes and fublimes 
in the open ahr, giving a grey oxyd, which fet- 
tles on the (ides df the veflel that contains it, 
•r if in large quantity mixes with the atnio- 

^ Phil. Mag. vol xvj. 


fphere around and collefts in the chimnies of 
tne furnaces where it. is melted. Lead in all 
forms and combinations is poifonous whjen 
taken in any quantity, and a frequent expofuro 
to its vapour, or much liandling it, gradually 
produces dangerous bowol-compiaints, paralytic 
I’ymptonis, and other maladies. 

Though the furface of lead at a common 
temperature foon tarnilhes, this metal will re- 
main exj'vofed to air and all weathers for a great 
length of time without further change, the ox- 
idated furface protefting the inner part from 
dcftru6tion, and hence the durability of leaden 
roofs, pipes, &c. but yet in procefs of time 
the whole is corroded throughout. 

Water has but little direft aftion on this metal 
either hot or cold, not being dccompofed by it as 
it is by iron and fame other metals ; but it flowly 
afllils the aftion of the air, for lead will be cor- 
rocled fooner in a damp than in a dry atmofpherc. 

When lead is melted In free expofure to the 
air, it becomes almoft immediately covered 
with a wrinkled pellicle of a dirty grey colour, 
and if this is skimmed off others form in fuc- 
ceffion, till the whole metal is changed into a 
yellowifti-grey oxyd, the weight of which was 
one of the earlicft obfervations made on the 
effeft of calcination in increafing the weight pf 
metals. 

This grey oxyd, by a further continuance bf 
heat with conftant ftirring, pafles through vari- 
oUvS Shades of a green illi-yellow to a deep dun- 
yellow, owing to a fucceflive abforption of 
oxygen. The higheft ftate of oxygenation to 
be produced by mere calcination, appears to 
be that in whicn the oxyd has a beautiful high 
red colour, with more or lefs fcarlet;, when it 
is called M-lnium or Red Lead^ a fubftance 
well known as .a pigment, and cfpecially as a 
flux in glafs-making, for which it is largely em- 
ployed. 

Minium, however, cannot be made with any 
certainty in the fmall way by hiere calcination 
in Ae air, however long this is continued, the 
colour 6f the oxyd never rifing higher Aan a 
dun yellow i it is only produced in manu- 
faftorjes in the large way, with frequent ftir- 
ring. The ptocefs for' malrftig red lead is thus 
deferibed by Dr. Watfoxi** as carried on in Dcr- 
byfliirc. 

The furnace is very much like a baker’s 
oven with a low vaulted roof, and ‘ on each 
fide of the furnace are two party-walls rifing 
from the floor of the furface but not reaching 
to the roof. In the interval between theie 
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irall$ md the fules of %ht furnace the coal is 
burned and the flame draws over the top of 
the party<»wails 3 ^ and flriking the roof is thence 
tefle^ed down upon the furface of a quamitj 
of wluQh is laid on tlie floor of the fur* 

nace^ The metal foon melts^ and inftantlv 
becomes covered with a pellicle which is fuceef* 
fively raked oflf till the whole is changed into a 
greenUh-yeJlow powder. This is taken out^ 
ground in a milh and wafhedi^ to. feparate the 
portion of lead that (lill rcinains in the metallic 
iXsLiex hy which it becomes an uniform yellow 
colouTj^ and is then thrown back into the fur* 
nace and condantly ftirred, fo that every part 
may be equally expofed to the a^ioxi of the 
flame, and in about forty-eight hours of cal- 
cinatiem it is converted into red-lead. 

Some pra£tlcid nicety is required in the ma* 
nagement of the fire, which if too (lack gives 
only a yellow or orange coloured powder, and 
if too fierce makes the minium dulky and de- 
ftroys that brilliant glofs for which it is fo much 
admired. There are befidcs other minuter cir* 
cumftances of management, and probably kept 
fccrct as much as podible. Jars^* mentions in 
particular that of cooling the minium when 
made very gradually, and doling all the open* 
lags of the furnace, otlicrwllc the beauty of 
colour is much impaired. Some makers alfo 
fprinkle the furface with water occafionally dur* 
iug the Calcination. 

In Ifolywell minium is made from litharge, 
which iaves the previous, calcination. 

A portion of the lead in the procefs of con- 
vorlloQL into minium is always loft by volatiliza* 
tioin, part of it being diifipated in the air and 
another pa{t fettling in the chimnies and on the 
roofs of the furnace, in the form of a yellowilh* 
white Ipot,. with cryftallized lumps intermixed, 
which iscoUc4).ed from time to time, and either 
reduced into, lead or is mixed with the lead in 
the: Cubiequent calcination., 'rhe quantity of 
thie iubUmate coileAed^ according to Watfon, 
is about icirr that of the minium produced, 
but lof. CQwie muft vary greatlyc On this acr 
cptintx si^d firoia the lofs by entire volatiliza* 
tion in th? air, it is imppl&ble to afeertain 
direflly the full increafe of weight which the 
lead.fl^puld ae^uire by converfiou into minium* 
The afkual increafe is on an average about a 
tenths, ^twenty hundred weight of lead Jjroducing 
twenty-two< hundred of minium . 

It has been mentioned that die oxyd lead 
becomes yellow before- it turns %ed. The iu.b.r 
Ifcouce salted. and uted as a yelipw 


pigment is generally made of this yellow ox^d^ 
but the finer forts are faid to have an additSxn 
of muriat of ammonia, and to be therefore a 
muriated oxyd of lead, or approaching to 
fine pigment called the Na^s yellow, whi^ 
will be afterwards noticed. . 

Litharge is another of the oayds of lead made 
by the Ample a£lIon of beat and air. It is 
produced in the procefs of extra£iing the Silveu 
from lead, as will be more fully defcribcd 
under tliat article. The filvcr*holdliig lead is 
put in a large (hallow ciifli made of afhea, and 
therefore very porous, and is kept till red-bot 
ill a Mund-furnace, at the back of which enter# 
the pipe of large bellows that direfb a filaft ^ 
air on the furface of the red-hot metal, 
converts it into a fcaly ycllowifli-white glift^Or 
ing oxyd, which is raked off fuccefiivcly to ex^ 
pole new furfaces, till nearly the whole o( tli^ 
lead is thus changed into litharge. There are 
flight variations in the colour of Utharge, fons^ 
kinds having more of a filvery glofs, others 
being of a dull rcd-yello,w. Part of it is again 
reduced into very pure and (oft lead, and the 
reft is fcle£led for lale. The waftc of lead by 
volatilization is many times more in reducing 
lead into litharge than into minium, fo that,, 
though there is a large gain of oxygen from 
the air, the litharge weighs lefs tlian the lead 
from which it was produced. Part of it, how* 
ever, is loft by foaking into die tell, a porous 
veflel in which it is made. 

All the oxyds of lead, when ftrongly heated 
to a full rednefs, very readily run into a glafs 
which has a clear topaz*yellow colour,, and is 
the moft powerful .flux known of every vitrifi* 
able matter, fo that, in a very (hort time, the 
vitrified oxyd corrodes all the common cruci* 
bles and runs through them like a fieve, and 
even the clofeft porcelain can only retain it for 
a time. Miniqm in ‘ vitrification always g^ves 
out a quantity of oxygen gas, but the quantity 
varies. much> even in .thq fame; ian^lc, an4 i# 
never fo much, as 8 per cent. During tbiS 
vitrification a portion the minium is fpQZif 
taneoufly reduped. to. the metaflic ftate, and if 
(bund at die bottom of the prucibje. A' fpUqr 
account of the vitrifying power of the oxyds of 
load will be found under the article Glqfs^ 

Tbf above oxyds pf lead, namdy maifico^ 
minium, and litl^rge, do not appear tio' have 
been /accurately analyzed with a view. tOrofoevT 
tain their metallic contents in the. dry way by 
fimple redudion, but tfle following^ examination 
of mem, and the other folu. and oayds of ieadp . 
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Thbmfeity ixt the mbift way^ will give 
lomb infahttdcm CO their compolition.* 

• Mnfium Ibfes no fenlible weight at a heat of 
400^^ In fevciral experiments to afeertain the 
lofe bv lufion^ no agreeing refult could be ob- 
tained^ die lofs rarying from to 7 per cent. 
The common minium of the (hops always con- 
tains ibme impurities, generally fand^ and allb 
an aUoy of antimony, and a minute portion of 
filver. 

When red lead is digefted in nitric acid a 
part H diflblved and the reft is converted into a 
Mown powder that remains at the bottom of 
thevefieh The lead in folution is found by 
ether experimenta. (to be pre&ntly mentioned) 
to be in uie ftate of oxygenation in which the 
oiiygen forms 9.5 per cent, or as the ysUtno 
oxyd \ whslft the infoluble refidue is luper- 
oxygenated ill the proportion of ao per cent, a 
ieparation of an uniform fubftance into two 
with oppofite charaflers, being by no 
means imcommon in chemical phenomena. By 
eftimating the total of oxygen in the more and 
the Icfs oxygenated portion. Dr. concludes, 
that minium is compofed of about 88 of lead 
to la of oxygen. 

Litharge aoalyaed by the fame diemift loft 
at a red neat about 4 per cent, of its weight. 
It diflblves in nitric acid tviti ^ervtf€§nc€^ and 
conlequent lofs of 4 per cent, m weight, which 
may he reckoned to oe carbonic acid. By pre- 
cipitating the folutiion with a carbonated alkali 
and other experiments. Dr. T. ftates the com- 
pohtion of litharge to be about 

4 carbonic acid 
100. 

According to the above analyfis therefore 
rntnium is more highly oxygenated than litharge9 
but, the, latter conlaias a quantity of carbonic 
acid,, which, minium does not. It is lingular, 
howeveTj' 1 k>w this diflerenee with refpe£I to 
carbonic acid ariies^ fince the heat at which 
each oxyd is made does not af^pear to differ 
materially,, 'Wd cerUiin of the two, minium 
is that^ which :is much more dire£tly expofed to 
the-,a£Uon < of carbonic vapour, owing to the 
rexeAeratioift..of the coal flafae on its furface, 
duruy So loany hoi^ in the manufaAure. 

It ms been nientionCd that lead, when kept 
in. fu/Son/ exppfed . to the . air, firft becomes 
cliaj|g^ powder with a greenifii 

• fiikJeMM tvo. vsLvuL 


tinge. This has been confidered by fome che- 
milts as lead in the firft ftate of oxygenation, 
but Profcflbr Prouft has properly obferved,^ that 
it is only a mixture of the * yellow oxyd with 
particles of metallic lead, whence the green 
colour from the mixture of the yellow ot the 
former with the blue of the latter. This 
opinion is confirmed by the fa£t, that in the 
firft part of the procefs of making red-lead the 
duiky-green powder is feparated by mere wafli- 
ing, into yellonv oxyd and the blue-black parti- 
cles of metallic lead, the latter fubfiding fooneft 
in the water. The yellow oxyd therefore appears 
as far as hitherto known to be in reality the 
firft ftate to which lead is reduced by calcina- 
tion in the air. 

But Profeflbr Prouft aflerts that an oxyd 
with a lefs proportion of oxygen (and at tne 
minimum of oxydation) may be formed by 
boiling the nitrat of lead on metallic lead, 
wherray the oxygen of the nitrat is compelled 
to diftrioute itfelr equally over a much ^rreater 
quantity of lead, and the acid forms with this 
new oxyd a brilliant yellow fcaly fait, very fo- 
luble, but the proportions of which have not 
yet ^en determined. On this fubjeft Dr. 
^omfon has the following experiments : , 100 
grains of nitrat of lead were difiblved in water 
and boiled with a cylinder of clean bright lead*. 
The metal foon loft its brilliancy, became co^ 
vered with a white cruft, and the liquid became 
y^ow. When all a£l:ion appeared to have 
ceafed, the cylinder was taken out, and was 
found to have loft 44 grains. But the whole 
of this was not diflblved, for a Uuilk^grej 
der benn to colleA during the boiling, and 
increaied as long as the cy Holder of lead con- 
tinued to be aded on. As the folution cookd it 
depofited the yellow fcaly cryftals mentioned by 
Prouft, which (alt has the following p roperties x 
the tafte is fweet and aftringent, like me com- 
mon nitrat, but it is lefs foluble an water | 
when cautiottlly heated to rednefs it melts into 
a yellow mafs, lofing thereby 18.5 per ccM. of 
its weight, wUch are acid and water of ctyftal- 
lization, and 81.5 of a yellow eoeyd remains. 
This oxyd rediflblved in nitric acid, and cryftalU 
lized yields 117. of common nitrat of lead. 
But 117 of common nitrat are found by fepa- 
rate experiments to contain about 81.5 of yel- 
low oxyd, and hence it would appear that dds 
£rit is not a nitrated of lead but a 

mtrai.of lead, or in other weeds the degree of 
oxygenatUm the lead is the ^fame ih both, 
but the diflference confifts in the TelatiTe*)Mib 
* J ssi U ti de ThejL tom. hi. p. ac6. 
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portion of nitric acid. A 0 milar proof of this 
was aUb deduced from the decompofition of 
this yellow fait by carbonat of potafli^ both in 
the moift and the dry way, and a (ub-nitrat 
extremely fimilar was formed fimply by heating 
the common nitrat to expel only part of its 
acid, as will be prefently noticed. It does not 
appear however that Dr. T. examined the 
Uueifb’-grey powder produced by boiling lead 
with nitrat of lead, which therefore deferves a 
furdier examination . 

The wiSbie wyd of lead is that which appears 
to be tne bafis of by far the greater number of 
the falts of this metal, and merefore is of pri- 
mary importance. It is formed in the cadci- 
giation ox this metal per fe^ and is formed at fo 
early a period that it is probably the firft 
. change tlUt this metal undergoes by union with 
oxygen, though, as already mentioned, the 
colour is not obvious at firft, on account of 
being mixed with metallic lead finely attenu- 
ated, and not yet oxygenated, which debafes 
the colour to grey or yellowifh-green, till it is 
feparated by walhing. M^cot is the yellow 
oxyd, as pure as it can be formed by mere cal- 
cination, but as this is changed to minium by 
continuing the procefs, the yellow oxyd made 
by heat can never be procured fo uniform as by 
folution. 

If lead be difiblved in nitric acid, the foltt- 
tion cryftallized, the cryftals difiblved in water, 
and precipitated by carlmnat of potafh, a white 
carbonat of lead is produced, which heated in 
a retort gradually to rednels, parts with its 
.carbonic acid and water, and the pure yellow 
oxfd is left. 

The proportion^ of thefe . fubftances given by 
Dr. Thomfbi! are the following : 6 g grains of 
lead form 1 1 2 of the folid nitrat (dried at 300® 
which produce go of the carbonat, which is 
reduced by ignition in a retort to 77 of the 
yellow oxyd. therefore 77 of this oxyd con- 
tain 69 of lean and 8 of oxygen, or per cent. 
89.7 cif lead and 10.3 of oxygen. But Prouft 
gives the compofition of die yellow oxyd to be 
gi of lead and 9 of oxygen. 

Bat Klaproth found mat ico parts of lead 
difiblved in <lilure muriatic acid,* precipitated 
by cauftic potafh, and the oxyd wafli^ and 
bnfkiy dried rill it began to turn yellowiffa, 
amounted to 1 1 5 grains, which would give the 
proportions of 86.78 of lead to 13.22 of oxy- 
gen. It is impoffible to reconcile thefe refults m* 
n iatisfa&ory ■ manner without further expert* 

The yellow oxyd may alfb be obtained by 
s Bfisyi, voLik p. 539. s Tluiinfoa, 


~dire£l calcination of the nitrat in elofe veflels 
till every thing volatile is driven off, by which 
the remaining oxyd melts into a hard yellow 
opake glafs,*' but this mode will not give the 
proportions with accuracy, as feme of the lead 
IS totally reduced in the piocefs, and is found 
diffufed in globules in tlie fubftaiice of the 
glafs. 

There is yet another oxyd of lead to be no- 
ticed, which is the brown oxyd. 

In this the lead is at the higheft ftate of oxy- 
genation. It was firft difeovered by Scheele, 
and many of its diftinguifliing properties noticed 
by him. It is procured by adding nitric acid 
to minium. The experiments of Scheele are 
the following :* 

If finely powdered minium be difiblved in 
nitrous acid, diluted with a triple quantity of 
water, a black or brown powder remains which 
is the oxyd in queftion. This is not feluble m' 
the acid by itfeif, but on adding a little 
a clear folution is immediately obtained. The 
fame happens with dilute vitriolic acid. If 
muriatic acid be poured on the black powder 
an cffervefcence takes place when warm^, and 
a ftrone fmell of aqua regia (oxy muriatic acid) 
rifes, the powder becomes wnite, and is turned 
into common white muriat of lead. If the 
oxyd be diftilled by itfeif in a glafs retort, it 
grows yellow and becomes in every refpe£l 
fimilar to the common yellow oxya of lead, 
and is then entirely feluble in nitrous acid, and 
no longer gives any fmcll of oxymuriatic acid. 

To mefe accurate obfervations of this excel- 
lent chemift it may be added, that in calcina- 
tion per fe it gives off much oxygen gas during 
its converfion to the yellow oxyd, which Dr. 
Thomfon eftimates at 9 per cent, of the weight. 
In infolubility in nitric acid it refembles the 
black oxyd ot manganefe, in which alfo fugar 
effcAs a folution by depriving the oxyd ot a 
portion of its oxygen. The feme effect is pro- 
duced by adding reguline lead to the acid and mi- 
nium, by which alfo a folution is obtained,^ and' 
then none of the brown oxyd is formed, or if 
already formed *it again difeppears. We may 
conclude therefore that minium is too muen' 
oxygenated to be entirely difiblved without heat 
in nitric acid, but when diefe fubftances come 
in conrafl, an unequal partition of oxygeiv 
takea place, one portion abforbing oxygen mm. 
the other, and becoming thereOT tne brown* 
oxyd, and the other by the tofe oT c^ygen pa& 
ing to the ftate of yellow oxyd Ittid difiblving* 
in the acid, and Kence iiie rtebue folution 
ftanding over the brown oxyd g^es a yellow 

* 8flayt on MaagsocAu ^ ChcDcvix. 
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pf^^ipitate with alkalieSf like the commm 
hitrac of lead* ,The oxymuriatic acid ga^ paf&d 
throogl^ water and minium^ aUb caufca one 
portipn :^ be difibhred, and converts the other 
to tM^own oxyd. ' 

o^yd is a taftclefs powder of a flea- 
hrowfi colour, very fine and light.™. As loo 
g^i^ns ipfe 9 of oxygen by heating, and be- 
cciilhi. converted thereby into yellow oxyd, 
Dr^ "f*, concludes tliat it is compt^fed of 91 of 
o^yd (containing 9.4. of oxygen) at>d 9 
and licticc loo p<irts of it contain 
of lead and i8«4 of oxygen. Profefibr 
ESiotift makes the proportion of oxygen to be 21 
per .cant. WhiL'Ii^ver calculation is taken it is 
ttnqucftionably in the highoft degree of oxyge- 
n^tbn that lead is known to afiume ; minium, 
the next in order, containing not more than ' 
^Z 2 - per cent. 

To the above obfervations on the oxyds of 
Ipiad may be added in this place the compofition 
iif the artificial white carbonat produced by 
decompofing any fait of lead by a carbonated 
alkali. According to Dr. Thomfon 112 grains 
of nitrat of lead (containing 69 of reguline lead) 
produce by foluiion in water, and dccompo- 
iition by carbonat of potafh, 90 grains of the 
white carbonat when dried at 300». 'rhefe 90 
graijis, when heated flowly to rednefs, part 
with 13 grains, which are water and carbonic 
apid, -iind 77 grains of yellow oxyd remain. 
Hence loo grains of carbonat would produce 
8c.5^r.uns of yellow oxyd, the metallic part 
of which would be 76.6 grains, and the oxygen 
8.9. 

It may be of ufe to recapitulate all the oxyds 
and carbonated oxyds of lead in the fiippofed 
order of oxygenation, (beginning with the loweft) 
with -their leading properties, premifing that it 
is a fubjedl in which dierc are itill many points 
of uncertainty which it would not be very dif- 
ficult for future experiments to clear up. 

Tie /u/fraxyd ilated by Proufl: to be formed by 
boiling the nitrat of lead with reguline lead. 
The exigence of this is doubtful. 

Tie yetlonv exiyd prefumed to be the bafis of 
molt the fiilts of lead, particularly the com- 
mon nitrat /rom which its proportions have 
been deduotd. It is produced either by heat- 
ing minium, till it no lof^er ^ives out oxygen, 
or by calcining the folid nitrat (in both of. 
which caM, k is mixed with reduced lead) or 
more accurakely by heatings the white carbonat 
nearly to malting, or by .decompofing the- ialts 
of which it is the bafis by cauilic alkali* It 
jgiv.es. oxygen gas wlien heated: evsen to melt-: 


ing. It contams,^ acceding to ihrbuft,. ^ pssr 
cent, of o-\ygan, and according: ta Thosnloii 
about 10 per cent. It yet xemalns to be proved 
whether it does not acquiro«fbme other ingse- 
dient from the long-continued calcination with 
coal-flame befides oxygen. 

Mr^icot is the yellow oxyd formed by the 
calcination of lead in its progrefs to tlie fiato: 
of minium, and probably refembles the yeUow 
oxyd very clofely, but is Icfs uniform in its 
compofition. . c • 

Minium or rmi oxyd is formed by long-con- 
tinued calcination of lead, i^i infolubie at fitch 
in acids, apparently from being too highly ox« 
ygeiiated. Its compofition is variaufly dated,, 
and probably really varies according to thp cir- 
cumitanccs of manufadkure. .Vauquelin ftatsa; 
it to contain generally no more than 9 per 
cent, of oxygen; Thomfoa, 1 2 per cent* and« 
others fomewliat higher. 

Thot^h it gives out oxygen when heated, 
and pal& to the yellow oxyd, this, is not aa 
unexceptionable proof of its containing more 
oxygen, on account of the entire reduction of 
a portion which always takes place, but the 
ftrongeft proof , of its iuper-pxygenadon is cle-< 
rived from the aAion of nitric acid as already 
deferibed, and its reparation into, two oxyds, of 
which the leafl oxygetuited is the yellow oxyd,^ 
but if it is really the bafis of the fulphat of lead 
it would appear to contain na more than about 
7 per cent. ' 

The brown oxyd is formed by the further oxy-- 
genation of minium, is infoluUe as fitch in 
acids, with muriaiic acid gives oxymuriatic acid' 
gas, gives out much oxygen on being heated, .a|uL« 
contains, according, to Thqmloji,, 18.4 per 
cent, of oxygen, and according ib Prouft .21. 
per cent. 

Litharge^ according to Thomfim, is t|he yehv* 
low oxyd combined with about 4 cent^, of: 
carbonic acicL . 

The whito carbonai, is the yeliow oxyd fully 
fat urated with carbonic acid and water, both .m^ 
which are driven oif at a red heat and -the yelr.- 
low oxyd left pure* 

All tha pure oxyds or carbonated oxyds> of 
lead are rc^cible with great eafe when heated- 
red hot in contafl with carbonaceous .matter*^ • 
It is not ncccflary to mi^ diem with any reduoi : 
ing flux, notliing more being (required iiL the; 
way of experiment tlian to lay thmn in a co- 
vered crucible lined with charcoal* The fame 
redudlion takes place when heated the blow-., 
pipe on charcoal. « : 

When ftrongly heated per fe, and eipedally 
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hi a draught of hot air, the oxyda of lead cafe 70.37, and in another 71 per ceM. iTs db* 
partly volatilize during vitrification. tained by the aaual redudlion of ibO p^ta df 

$ 4. Lead U fo uble in onoft acida, AH the ignited fulphat; and Vauquelin ntakiS% 
the falts have a ftveetifli tafte, and are ftiongljr 7®*4 pet cent. All thefe eminent chemiftV a«a 
ftyptic or aftringent in the mouth. agree in fixing the quantity of oxygen 

Prufliat of potaih caufes a‘ white precipitate, to thefe 70 or 7 1 of lead to be about 5 
and ail the hydrofulphurets a deep black-brown which urould form an oxyd in which Ae bxyti 
precipitate, even in very minute quantities, fo gen was no more than about 7 percent* 
as to furniih an excellent teft for the prefence portion much lefs than that eftimateft 
of this metal. contained in the yellow oxytl, whiclt ' is*fup<^ 

The fulphuric acid has no aftion on lead pofed to be the b.ifis of this fait. 
when cold, or even when moderately warmed, to the quantity of fulphuric acid, 100 jj^iftSVof 
whether concentrated or dilute, but at a boiling the artificial fulphat of lead, when dbcorhpdfed 
heat the acid, when ftrong, diflblves Ais metal by acetited or nitrated barytes, give nearly 3f4 
flowiy with evolution of iulphureous acid, and p-*rts of fulphat of barytes, of which 
a thick white pally mafs is produced which is fulphuric acid is about 24, which theVefbll^^is 
the fulphat ot lead. It is on account of the the quantity contained in 100 parts of 
.difficult folubility of lead in this acid that of lead. . 

the chambers in which the fulphuric acid is On a general average therefore it may be. 
made are lined with flieet lead, and the boil- Hated that 100 parts of this fait heated mode- 
ers in which it is firft concentrated are of rately to rednefs confift of about 71 lead, 
the fame material, but a certain quantity of fulphuric acid, and 5 oxygen. ' 

fulphat gradually c6lle£ls, ‘ whidi is dirown I a£lioii of the fulphureous acid on lead 
away. has been examined by Meilirs. Fourcroy aiid 

'ITie fait procured in this way has always Vauquelin.® riiis acid does not diflolve regu- 
an excefs of acid by which it is rendered line lead, but the oxyds readily if not too highly 
ilightly foluble in water, but after it has been oxygenated. ^ When fulphureous acid is digeft- 
walhcd with water the remainder is nearly ed with minium the red colour is foon loft, 
neutral, and is fcarcely foluble in more water. a*^d with it the pungent lincll of the acid, and 
The firft wafliings will cryftallize by eva- a white magma is produced, which is a mix- 
poration into fmall needles, which retain a fulphat and fulphite of lead. But if 

small excefs of acid. Sulphat of lead is alfo Ais acid lie added to the nitrat of leatl, only the 
formed by adding fulphuric acid to any of the fulpbitc of lead is produced, a collateral proof 
felts of the metal, fuch as the nitrat or muriat, that irt the nitrat the lead is lefs oxygenated than 
.but the decompofition is ftill more perfe£l when in minium. 

any of the alkaline or earthy fulphats is cm- This fulphite when well waflied is infipid and 
ployed. In^he fegmer cafe fomoOf the fulphat infoluble. Heated with the blowpipe bn char- 
remains in foTution till the liquor iaf quite eva- coal, it firft becomes yellow, and gives a faint 
porated by favour of the excefs of acid, in the jAofphorefcent flvinie, and then is entirely re- 
latter the whole is precipitated at once. Thus duccd.. Heated gradually in a retort it gives 
a large quantity of this fulphat is made in the out water, fulphureous acid, and fulphur, and 
preparation of the mordant of the bleachers by at lafl a greenifti-yellow fulphat of lead is left. 
Ae decompofirioiT of alum and ucetited lead. Sulphuric and muriatic acid added to this fbl- 
acetited alumine being contained in the clear phite make an eflvrvefcence and <Hfcngage ful- 
Kquor, and a copious depofition of fulphat of phureous acid ^ vapour, but the nitric acid 
lead falling down. Sulpnat of lead is fcarcely changes it to the fulphat. 

decompofable by mere heat, fo that in all pro- The nitric acid a little dilute diflolves lead' 
ceflcsofanalyfisitmaybedriedfreclyatam'odc- with great (teadinefs, giving out an umfornV 
xate red heat without danger of error. Gii' chat- moderate llream of nitrous gas. If the -acid 
coal the metal is reduced. When very ftrongly be in too fmall a quantity a white ■fub-iiitrated 
heated per fe it gives fulphureous acid g.i$. ' oxyd is fortned, but more of the acid brings If 

The compofition of this fait is given with to a clear folulion, except a fmall poftioTi of 'a‘ 
but little variation by different ebrnnifts. The grey powder which Dr. I homlbii fitielij to be 
pfoportipn ©f metal eftimnted by Kirwan is -yi’ oxVd’- of antimony with a little This’ 
percent.® Klaproth (from the fulphat fdhnion is not made cl bud y by j’dding 'pure 
which is the kind here deferibed) gives in die water by which it may be imriieiVvatcly 

* Miaend Waters, Table 4.' * ’* Syfteiue de Contf. Chlni. tom. 6. ' ^ * * Thil. Journ. vol, \ill. 
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gulllifd from the nitrat of bifmuth. By due eva- 
poration it readily fumilhes large regular cryftals, 
generatly in the form of flattened trihedral py- 
ramida with the apices truncated9 but fometimes 
in tmaeated hexahedral pyramids. Thefe cryf- 
tali ere of a pearl-white and foluble in about 
ptrts of boiling water. A hundred parts 
of mtrat of Iead» dried at 300% contain 61.7 
of lead .4 This fait when in folution is readily 
deconqgpofed by fulphuric acid or any alkaline 
fuhdiai* Dry nitrat of lead, dillilled per fe in 
a iwl rod heat/ gives much nitrous gas^ oxygen, 
and nitrous oxyd^ and finally a yellow oxyd of 
lead remains which readily vitrifies and corrodes 
the fides of the earthen or glafs veflfel. But 
a Mftion is entirely reduced, fo that globules 
at lead are found entangled in the vitrified 
oxyd. The lofs fuftained by nitrat of lead on 
: being heated red-hot for halt an hour amounts 
to about 40 per cent.' 

** Nitrat of lead, boiled with metallic lead, 

' forms a fait much lefs foluble in water than the 
common nitrat, and appears under the form of 
yellow fcaly cryftala, as firft noticed by Prouft* 
j^iefe. Dr. Tnomfon has very fatisfa£l;orily 
Cbewn to be a fisb^itrat. as already defexibed 
when mentioning the oxyds of lead and tlie 
fob-oxyd fuppofra by Ptoufl; to be formed in 
this way. 

Nitric acid appears to be incapable of diflblv- 
ing minium witnout fird decompofing it, and 
caufing it to feparate into two portions one of 
them containing more and the other lefs oxygen 
than minium. Hence when thefe two mb- 
ftances arc digefted together, about fix fevenths 
of the minium lofes oxygen enough to diflolve 
and form* the common mtrat, and the remain- 
. uiir feventh part pafles to the date of the info- 
luple brown oxyd, as already mentioned when 
deibrihing the oxyds. 

The yellow oxyd of lead dtflblves in nitric 
acid wimout eflervefcence of nitrous gas and 
the common nitrat is formed, and hence it is 
reaibnabty inferred that the metal of this fait 
is in the date of yellow oxyd, fince the nitric 
acid is not decompofed in tnis cafe. The pure 
alkali likewxfe fqxaratcs a yellow oxyd from rixe 
ni trat. 

When mymuriatie acid gas is paflbd through 
water with minium or any other oxyd of lead, it 
hr readily abforbed, the oxyd becomes of a deep 
black-brown and a part is diflblved into a; yel- 
low liquor, the oxymuriat of lead, as fird dif> 
covered by Proud. This fait is much more 
Ibluble than common muiiat of lead. The 
fiime fait is formed by adding oxymuriatic aci4 

« Ditto. « Ditto. 


to nitrat of lead, which does not produce an 
' immediate white precipitate as the muriatic 
acid does, but gradually caufes the depofitiosi 
of the brown oxyd, which as already mentioned 
is lead in the higheft date of oxygenation. An 
excefs of the acid rediflblves this oxyd;* 

Potaih or foda, added to this fait in folution^ 
caufes the precipitation of the brown oxyd, but 
ammonia immediately produces a white precipU 
tate, which is probably murlat of lead formed 
by the dilbxygenation of part of the oxymuriptic 
acid by means of the ammonia. 

Muriatic acid diflblves lead when heated, but 
with difficulty. It combines readily with the 
yellow oxyd or the carbonated oxyd, expelling 
the carbonic acid of the latter. 

But this muriat is more expeditioufly formed 
by adding muriatic acid or any alkaline or 
earthy muriat to nitrat of lead, which caufes ’ 
immediately a white thick bulky precipitate, 
almoft like a coagulum, and muen more volu- 
minous dian that which is produced by adding 
the fulphuric acid. . This fait is fweetilh.to 
the tafte, and is foluble in about aa parts oi 
cold water, in which latter refpedl, as well as 
in not changing colour by fliort expofure to 
light, it may be diftinffuimed from muriat of 
fiiver, which it refemUes in outward appear- 
ance I and water may therefore be ufed to iep»« 
rate the muriat of lead from that of fiiver, but 
nitric acid is ftill preferable. The muriat of 
lead is allb foluble in acetic acid, by whidh 
sdfo it may be diftinguiflied from muriat of 
fiiver, and from fulphat of lead. When 
the hot faturated folution of this fait cools 
gradually, much of it feparates in fmall fea- 
Uierr ci^als, and the reft in regular fix- 
fided priuns. 

Muriat of lead is not deliquefeent. When 
heated by itfi^ it readily melts, and a white 
Tspour fublimes from the furface^ which leaves 
a very permanent fugary tafte in the mouth. 
The melted fait has a femi^itreous gloflTy ap- 
pearsnee, and a grey-brown .colour. It has 
been termed by me older chemifts piumbum 
comeump in analogy urith the correlponding fait 
from, fiiver the iuna cerneam 

The compofition of this lalt is given with 
ibme variation by diflerent chemifts. According 
to BUaproth, zoo grains dried fully, but fliort 
of volatilization, contain 75 of lead and 14 of 
muriadc acid (the latter being effimated . by 
being combined with fiiver aiid taking the acid 
of luna cornea at 15.4 per cent.) and the re- 
maining 1 1 parts are oxygen and water. Ac- 
cording to Chenevix 100 parts of muriat of 

• Joarsrof SyOesM. 
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lead decOmpofed hj nitrat of filver produce 
luna cornea» the acid of which is 12*5 
parts. According to Kir wan 100 parts of mu^ 
siat of lead fully deficcated contain. 17 of muri- 
atic acid and 83 of oxyd of lead, which lafl 
(if oxygenated at the rate of 9 per cent.) would 
indicate 75.5 of lead ; if at 7 per cent; 77 of 
lead. 

‘ When muriatic acid is gently Heated with 
mtniunv the latter gives a. part ot its oxygen to 
die acidj part of which in.confequence aiTumes 
the form of oxymuriatic acid, and the lead, 
now pcnially dcoxygenated, unites with the 
remainder ot the acid into the common white 
muriat of lead. This change takes place flill 
more ftrikingly with the brown oxyil. But 
when minium is employed in a large quantity, 
no oxymuriatic acid is produced, but, iiidead 
of it, the brown oxyd and common muriat 
of lead.^ 

The ' carbonic acid unites readily with the 
oxyd of lead, forming (as already mentioned) 
the white carbonat when fully faturated, and 
in a lefs proportion, converting the yellow oxyd 
to the date of litharge. The proportions of 
thefe two carbonats nave been already given. 
The white carbonat is produced by decompof- 
ing the nitrat or arty other fait by a carbonated 
alkali. Water holding carbonic acid will rea- 
dily diflblve enough of the oxyd of lead by re- 
maining fome time in contaA, as to be very 
readily deted^ed by the hydro-fulphurets. 

/ Ccruffe ox nvbite^ lead is a carbonat prepared 
in the £rft part of the procels of making acetitc? 
of lead. It is made in the following way : lead 
is melted and caft in a cafe or mould, fo as to 
form a Iheet ali^put two feet long, five inches 
broad, an^ from jV to I of an inch thick. The 
lead in this inftance is caft at once of the pro- 
TCr form, and not mechanically flattened like 
l&eet lea^ that its texture may be more open, 
xnd- more eafily penetrated by the acid vapour. 
Thefe plates are then rolled up inter a loofe coil, 
and each is laid perpendicularly in an c^tdien 
pot, a common garden-por, holding from 
two to fix 'pints each, out with a ledge on the 
infide about halfway down on which the coil 
*of lead refts, lb that it may not touch the bot- 
toon. £ach pot is filled with vinegar of any 
kind, juft lb nigh as not to wet the bottom of 
the lead, and the whole is alfb covered with a 
plate of lead fitting very clofe. The pots are- 
their ranged .tmder a building, fo as* to Ihelter 
thmh’firoffi weadier, and buried pretty deep* 
in firetti flafit^litaer ba Tetter's hark^ layer upon * 


layer, according to the number of pots. The 
heat of the dung foon fills the upper part of the 
pots, with the vapour of the vinegar belOW,;tnnd 
the lead kept conftantlv in contaS with ths/Mid 
vapour, but not immerled in the liquor, prelefitly 
begins to corrode and oxidate at the furface. The 
pots .remain under the litter for about two 
months, at the end of which time they are taken 
oat and the coils of lead are found deeply corrod- 
ed and the furface converted into a whitilh fcaly 
brittle oxydr This is feparated by palfing the 
plates between rollers, which caufes it to peel 
off, leaving the lead beneath in the metallic 
ftate. This oxyd is then mixed with a little 
water, and palTed between a pair of mill^jtones ; 
then the finer parts are feparated from the 
coarfer by fuccefTive walhings, the former being 
longer fufpended in water than the latter, till 
the whole of the finer oxyd is obtained. This 
is then dried either in the air or in large ziry 
rooms warmed, by a fmalUftovc, and is then 
perfect cerufte or white lead fit for ufe. Qf 
late years the fcales of oxyd, inftead of being 
feparated from the coils bv dry lamimiting, 
which raifed a duft of lead nighlv injurious to 
the health of the people about tnem, are de- 
tached by fpreading the coils upon la perforated 
wooden fioOr covered with water, and drawing 
them to and fro by rakes, which detaches the 
oxyd and caufes it to ‘fink through the water 
and the holes of the floor to the bottom of the 
veflel below., _ 

^ The cerufie or white lead thus formed' ^as 
found by Bergmaft- to be a carbonated oxyd of 
lead, and not an ^cetite or fub-acetite, tfioifgh 
the acetous acid is the means of its formation. 

The acetous acid does not diflblve lead when 
in clofe veflels, but with accefs of air it firft 
Oxidates it, and then difiblves the oxyd. . Or 
the folution may be made by adding oxyd of 
lead or carbonated oxyd to vinegar, * and digeft- 
Jng for a time. 

Acetite of lead, commonly called of 

leady is a fait ufed very largely in mandfaSures, 
particularly in calico-printing, and the prepa- 
ration of it, though very fimple, is confiMd to 
a very few places ' and countries.: Moft . of ihc 
fugar of lead' ufed in this country is imported, 
from Holland. This fait is made verjf^ dearly 
in the manner of cerufle, that is,* flints 
are put info pdts with vinegar and ^j^fted a 
fufficient time, but here the vinegar ii diftiJted,' 
afnd the plates, inftead of being entirety out of 
the liquor, are half Immerfed in it.^ This be- 
itig dohe, theupjp^ half is Ibon Covered With' 
ndcr dos Minet, lfo.'.e9. 
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an efflorelbence of cerufle, after which it is 
immerfed in the vine^ar^ and the part which 
was before iinmei'fed is now brought up to be 
converted into ccruiTe as before, when the plate 
is again turned, and the newly oxy<iated furface 
in its turn buried in the liquor. The plates are 
thus .turned about two or three times a day, 
and the vinegar in faturating itfelf with the ce- 
arufle become niiiky, and toon Aifficiently im- 
pregnated to be boiled down tb the cryftalliaing 
point, which is done in tinned veOels to about 
a third of the original xjuantity. This is then 
ft rained I and on cooling depouts the acetite in 
fmall Jong-necdled irregular whltifh cry Hals* 
TThe motner-llquor is again evaporated for a 
frcfti crop of cryftals, but thefe are browner and 
Xomewhat deliquefceiit. 

Acetite of lead may alfo be made dire£^ly by 
diflblving cerude or litharge in vinegar, and 
probably the natural carbonat will anfwer the 
laipe purpofe. Spme technical nicety appears 
io be required in makuig the fait cryftallize in 
the large way. 

Sugar of lead has a remarkably fweet tafte, 
by no means unpleafant, but mixed with con- 
fiderable aftringcncy^ By re-folution in boil- 
ing water and flow cooling, it changes its ap- 
pearance conflderably, atid aflumes #he form 
pf large .tranfparcnt. tetrahedral piifmsor lengths 
ened parallcpipcds. Carbonic add in any form 
decompoles this fait, and caufes a white car- 
bonat to be precipitated, and heqoe one caufe 
of the milkinefs which it ufually aflumes with 
fpring water, but this is alfo partly owing to 
ihe fulphats contained in moft natural fprings. 

When dry acetite .of lead is brilkly heated 
without addition in a retort, it gives an acetous 
red fetid liquor, and the rcfldue x)f the diftilla- 
tibn furniflies a good pyrophorus. But Prouft,^ 
in diftilling it very llowly, obtained firft a 
watery vinegar, then a yellow liquid with ^the' 
fmcll of alcohol but rather empyreumatic, from 
•which after a time ammonia was difengaged, and 
from which, whenTaturated with potaln, a ftrong 
fmelling etherial oil feparated. The liquid dii- 
dlled from the folution fumdhed a ftrong in- 
flammable fluid refemblin^ ether. 

Litharge -boil^ with winegar to entire fatu- 
tation forma a reddtih-brown folution, univer- 
sally known in medicine as Goulard’s extraA, 
and it feems to .contain much more oxyd of 
iegd than the common acetite. 

The tartareous acid has no dlre£l aQion on 
4ead, but added to the red oxyd it whitens itf 
nnd if a few drops of the acid in folution be 
* Jours, dc JPhjft vol. hi. p. 


cured into the liquid nitrat, or any oftier 
ie fait of lead, a white pulverulent tartrite of 
lead is feparated. 

Tartar, or the fuper-tartrite, of potafh, b par- 
tially decompofed by the fairs or oxyds of lead; 
the excefs of tartareous acid uniting with the 
lead, and neutralized tartrite of potauh remain- 
ing in the folution. 

The oxalic acid readily tamUhes metallic lead# 
but diflblves the oxyds with much more eaie« 
The folution when faturated depofits fmall briL 
liant cryftals, which foon grow opake in the 
air. 

Similar cryftals of oxalat of lead are alfo ob- 
tained by adding oxalic acid to nitrat or acetite 
of lead. 

The malic add unites readily with lead when 
added to any of its foluble falts. The malat of 
lead is again decompofed by the fulphuric acid, 
which is the method propofed by Scheele of 
obtaining this vegetable acid pure. (See malic 
acid.) 

The arfenic acid added to lead firft blackens 
and then converts it to a grey powder. .■Scheclc^ 
found that when one part of lead fhavings was 
diftilled with two parts of dry arfcnic acid the 
lead was diflblved, a little arfenic fublicaedf 
and in the retort was left a milky glafs, whid, 
boiled in water, -left a white powder which 
was aefeniat of lead. Arfeniat of lead is* aHb 
formed immediately by adding arfenic acid ot 
any' other arfeniat to -the nitrat acetite or molt 
other falts of lead. The natural arfeniats of 
iron and copper are ufefully analyzed in thb 
way. (See vol. i. page loz and 33Z-) 

Arleniat of lead- is however decompolM by 
fitlphuric acid, and the arfenic 9 M:id left in the 
folution while the fulphat of lead fiibfldes. It 
is alfo foluble in'' acetic acid, which, the fulphat 
of lead b not. 

’ Many other of the acids umte wiA lead;^ 
forming falts little known^ which will be found 
"under thofe refiaeftive acids^ ’ 

The £icad alkalies dLflblvc the oxyd of lead^ 
either by dbeft .combination or by decompofing 
any of Uie acid falts of this metal by the alkalb 
and redifledviug the precipitated oxyd by aw 
excefs of the alkali. None of the falts, iiOM^ 
ever, can be completely decompofed in jtliis . 
way, for it is not reri£Uy an oxyd that prec%^ 
tates, but an infoluble fait oottipofed aS .Uie.* yd 
.and an excefs of oxyd; as •for‘«xsm|d^*;hihels 
die muriat of lead b ufed^ .the precipitat e- is 
liatic acid with an over pipporrion of 
a fui^muriatj and themby fcndered^iiifoliibleim 
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WRt^ alofiej and tbe alkali only diflblves this 
excefs of oxyd. But die carlionated alkalies 
completely, deconipofe the falts of lead. 

The alkaline earths alfo diflblve the oxyds of 
(ead. The adlion of lime-water has been mi- 
nutely examined by Berthollet. 

Lime-water boiled for a long time on litharge 
forms a folution which has been long known 
as a recipe for blackening hair and other animal 
matters. When evaporated in a clofe vefTcl it 
dspofitS'fmall tranfparcnt oryilafs of lime with 
oxyd of lead. This folution is decompofed by 
the alkaline fulphats and muriats^j and alfo by 
fulphuretted hydrogen. 

Ammonia- alio diilblves oxyd of lead but with 
difficulty, and it does not decompofe the acid 
falts of this metal fo readily as the fixed alkalies 
do. 

Lead* and nitre have but a very weak a£lion 
on each other. “When lead filings are projeded 
on melted nitre, little if any deflagration is 
excited, but the metal is reduced to a yellow 
femi-vitrified foliated mafs refembling litharge. 

The ad^ion of the oxyds of lead on the alka- 
line murlats is attended with fome ftriking phe- 
nomena. In the numerous experiments for 
obtaining the alkali from muriat of foda, it was 
found that litharge was able completely to de- 
compofe this fait and produce a white mafs, 
whifft the naked alkali remained in folution. 
This difeovery has been applied to ufe in the 
large way on account of the fine yellow pig- 
ment which is obtained from the white mafs by 
calcination, and for - which a patent was pro- 
cured many years ago by Mr. Turner. 

Vauquelin has elucidated this interefHng 
chemical •]^henqmenon ih his ufual maflerly 
manner.^ He obferves that we cannot admit 
this decompofition to be the refult-of (imple 
affinity without involving a dired contradidlion, 
for if the oxyd of lead had a ftronger affinity 
than foda for muriatic acid, muriat- of lead 
could not be decompofed by feday which how- 
ever is readily done to a certain extent. Nor 
qan the carbonic acid of litharge be concerned 
in-^ tife explanation, fince minium, which con- 
tains, no carbonic acid, operates in decompofing 
muriat of foda full as powerfully a^ litharge 
does. 

But on the other hand muriat of foda is com^ 
decompofed hy litharge, if the latter be 
in filfficient cjuantity, fo that this apparent con- 
ttadidion cannot be explained by mppofing the 
decompofition only partial, but recourfe muft 
be add to mdre complicated affinities. 


The fads and experiments given by Vau- 
quelin are the following : fevejuiarts of litharge 
in fine powder were mixed wim one of muriat 
of foda ; the whole was moiftened with water 
to the confiftence of thin foup and frequently 
ftirrcdr durii^ feveral hours. By degrees the 
litharge loft its natural colour, whitened, 
and fwelled prodigioufly, abforbing all the 
wafer that was ufed at mil, fo that to prevent 
its hardening, it was necclTary to add much 
more. As no further change took place after 
four days, the whole was examined. The 
liquid when filtered had a llrong alkaline tafte, 
and contained alfo a little muriat of lend, but 
no muriat of foda. By evaporation it furnifhed 
cryftals of carbonat of foda, rendered opake by 
a imall portion of muriat of lead. The fub- 
flancc from which the liquor had been fepa- 
rated, when dried and waflied, was of a dirty 
white, and weighed J more than the litharge 
ufed. Heated gently it affiimed a very fine 
lemon-yellow, ioGng tlicreby about Vt of its 
weight. 

Part of this yellow fubftance digefted with 
cauflic foda changed to a dirty yellow, dimi- 
nifhed in fubftance, and the undiffiolvcd relidue 
now changed from a powder to a clufter of 
needled cryftals. The alkaline liquor retained 
its natural tafte, but gave a copious black preci- 
pitate with hydrofulphuret of foda» fhewing the 
prefence of much oxyd of lead. The needled 
cryftals were common muriat of lead. 

The white fubftance therefore left after the 
a£rion of muriat of foda on litharge was mu- 
riat of lead with a great cxcefs of oxyd (which 
laft the foda diflblved) or in other words a fub-^ 
muriat of lead. 

The Tame was alfo treated with weak nitric 
acid, which diflblved all the excefs of oxyd 
and left a white cryftalHne muriat of lead. The 
nitric folution ^ave by evaporation cryftals of 
nitrat of lead mixed vath fome muriat. 

Another portion of the fame yellow fubftance 
was boiled with water but fcarccly any was dif- 
folved, which infolubility is therefore owing to 
the excefs of' oxyd, fince commem muriat of 
lead diflblves in about ,22 parts of not water. 

This fub-muriat therefore has the following 
properties : it is infoluble in' water s cauflic al- 
kalies and nitric acid diflblve only the cxcefs of 
oxyd, and it is alfo owing to this excefs that it 
affiimes the yellow colour when heated. 

Muriat of lead however cannot be entirely 
decompofed by cauflic foda, for when thefc two 
fubflanccs are digefted together, fufficient mu- 


* Ann Chem. tom. xxxi. 
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liatic acid alwavs remains combined with the fait is here employed, it is pYobable that feme 
.oxyd of lead to^pring it to the ftate in which it of the fait remains lindccompofed. 
is found after the decompofition of common The oxyds of lead readily deCompofe muriat 
fait, that is, of the fub-miiriaty which is proved* of ammonia. If this fait and minium ate rub- 
by its becoming yellow when heated, and when bed together even without heat, a ftrong fmett 
treated with nitric acid, by yielding nitrat of^ of ammonia rifes, and by diftillation properly* 
leid, and common muriat of lead. conduflcd, cauftic ammonia may be prepared in 

In the above experiments a Angular compli- this way as well as by muriated ammonia and 
cation of affinities o}>evates- lime. If litharge be ufed, feme carbonat of 

According to Vaurjiielin, when the yellow ammonia is alfo obtained, and with the white 
fub-muriat of lead is treated with cauftic foda, carbonat of lead the entire ammoniacal produA 
cryftallisced muri.it of lead and a folution of is carbonated. The reAdue in each cafe is muriat 
feda are produced; fo that this alkali has the of Jead^ in the form of a grey brilliant brittle 
povVt7r of abftradfing the excefs of oxyd from mafs. 

the fub-muriat: yet on the other hand, the Borax readily unites with all the oxyds of 
cryftallizcd muriat is decompofed by foda into lead by fuAon into a Ane foft yellow glals. 
the fub-muriat and muriat of foda ; and an Lead unites with ■ Sulphur with great eafe. 
additional quantity of foda beyond what was This may be efFeAed either by adding fulphuf 
neceflary to fatnratc the muriatic acid, would to melted lead, or by heating alternate layers of 
again decompofc the fub-muriat formed by the fulphur and lead clippings in a crucible. The 
Arft portion, and by uniting with its cxccfs of proportions are of little importance, two or 
oxyd, would reftore what remained undecom- three parts of lead to one of fiitphur are gene- 
poled, to tlie ftate of cryftallized muriat of lead, rally ufed. The refult is a black fcaly powder. 

Hence a large proportion of litharge is requir- When the mixture is heated to a certain point 
ed to decompofc common fait, for as cauftic foda it takes Are, and the excefs of fulphur flies o£F. 
is aAually produced in the procefs, it would in Sulphuret of lead is fuAble, but requires a red 
its turn re.uft upon the fub-muriat of lead and heat, being lefs caAly melted than either of its 
deprive it of its excefs of oxyd, unlefs this conftituent parts. 

alkali had already m'et with fufficient oxyd of When flowly cooled after fuAon, it forms a 
lead to faturate it. So that the affinities here black, harfli, brittle mafs, readily cr^ftallizing. 
afting, are thofe of muriatic acid for oxyd of in cubic facets, particularly if the fluid part of. 
lead, of inUriat of lead for an excefs of oxyd, the mafs is poured ofl' when the Adcs have Axed 
and alfo of fotla for oxyd, and there muft by cooling. This artiAcial fulphurct much re- 
therefore be fufficient oxyd to anfwer all thefe fembles the natural galena in appearance, 
diftinft affinities, and fupply each of the fub- Sulphuretted alkali adls with extreme energy 
ftances mentioned with their feparatc portion. on lead, diflblving it rcadilj by fuAon. 

According to Vauquelin alfo, there is a fub- All the Hydrofulphurets without 

nitrat ahd a fub-fulphat of lead, made alfo by an alkaline or earthy baAs immediately unite 
adding to the common fulphat and muriat a with lead in any liquid combination, whether 
fmall quantity of cauftic alkali, particularly diflblved by acids or alkalies, or alkaline earths, 
ammonia, by which the fub-fulphat or fub- and procliice a very dark brown hydrofulphuret 
nitrat is precipitated. which being infoluble llowly falls to the bottom 

Turner’s Patent Yellow, or the fub-muriat of of the liquor. In this way very minute portions 
lead made yellow by heating, is thus made" of lead are readily deteAcd in wines and' other 
according to the fpeciftcation of the patent liquids that may be fufpeAed.to contain this 
take any quantity of minium, litharge, or calx dangerous metal. Sulphuret of potaili or of 
of load, add half the weight of common fait, lime diflblved in water forms a hydrofulphuret 
v/ith water fufficient to diflblve it, mix them by very proper for this purpofe, or fulphuretted 
long trituration, and let them ftand together at hydrogen gas Amply diflblved in water will 
ieaft for twenty-fovir hours, by which time the anfwer as well. But as the falts of iron and 
lead will be changed into a good white, then Wafli feme other metals are equally blackened by this • 
out the alkali and calcine the lead till it becomes teft, fomc method of diftinAion is advifeabfe. 
yellow; whiph will be of different tints accord-^ when liquors are to be examined with regard ta 
ing to the continuance of calcination and degrees their fuppofed noxious qualities. This is partly 
of heat. As only twice as much litharge as effcAed by adding a weak acid, fuch as the tar- 

* ^ Repertory, vol. xli. 
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tareoiif to tlie fulphuretted tcfl:, which will re-: like ftccl. Sp. gr. xi. Twelve of lead and 
diflblve the hydro-fulphuret of iron, but not that one of antimony gave an alloy Icarcely lefs nial-j 
of Irad. (See PP'ine.) leablc than lead, and capable of extending 'into 

Phtfphorus eafily unites .with lead according very tliin leaves, 
to Pelleticr^s experiments,*^ by melting in a co- Antimony therefore is fouiul to harden lead 
rered crucible a mixture of one ounce of vitre-^ very conriderably, and hence its ufe in type- 
ous phofphoric acid, one dram of charcoal, metal, and alfo probably in bullets, where 
and one. ounce of lead clippings. greater hardiiefs is required, but ft docs not 

The phofphuret is confidejrabJy malleable, add materially to its luftra, except in a quantity 
and little different from common lead in ap- which totally deftroys the malleability. 

E eafance, but when heated the phofphorus Lead and bifmuth unite with great cafe, and 
urns off. It readily tamiflics in the air. It form alloys of remarkable fufibility, particularly 
is alfo made by pro^edling phofphorus on melted with a fmall addition of tin, as deferibed under 
lead. • the article Bifrnuth. 

The fat oils diffolve the oxyds of lead with Lead and cobalt unite but with difficulty, 
great eafe, and undergo a remarkable change in forming an unimportant alloy. (Sec CoBiki.T.) 
the procefs, being thereby rendered //Ayi/zg, or ca- Lead alloyed with copper forms 
pabie of fpeedily hardening into a firm varnifh (See Copper.) 

when expofed to the air. Some oils, particularly For the important alloy of lead and tin, fcp 
olive oil, acquire at once a very firm confifl- Tin. . ' . ^ 

cncc and a confiderable adhefivo property, when. Lead and zinc do not uiiit^ readily unicfs by 
gently warmed. It is in this flate the common particular management. Bcaume fouiid that 
white diachylon pU^er* See. the articles Oit. when fimply melted together, and cooled (lowly 
and Plaster. the lead icll to the bottom of the crucible, and 

Lead is capable of uniting with many other the zinc remained at the top unmixed. Beffdes^ 
metals, forming alloys, fome of which are of if they arc kept together in fufion arid repeatedly 
ufe in the arts. ftirred, the zinc fublimcs off with great rapidity. 

With antimony lead forms an alloy which is But Gmclin* fiiccceded complt!tcly in alloy«- 
brittle, when the latter exceeds about | . In Ing thefc metals by firlt melting the leacl» covef- 
addition to what is mentioned under the article ing it with.fuet, then throwing in the zinc, 
Antimonyj fome experiments of Prof. Gmelin and as foon as the latter appeared to be unU 
inay be noticed.** The lead was firft melted formly mixed (probably by help of ftirring) and 
feparately, and when fufed a little fuet was the blue zinc-namc began to appear, removing 
thrown on the furface ; after which the anti- the crucible, and fuddcnly cooling the mixture 
mony was thrown in, in powder, the whole by pouring it into an iron fpoon. Some of the 
well ftirred, and poured out widiout lofs of refults of thefc experiments we fliull mention : 
time into iroti mould. Equal parts of the Equal parts of lead and zir c gave a metal of a 
two .metals produced a clofe alloy of lamellar lamellated texture, fo duflilc as to bear ham- 
texture, of confiderable luftre in the fra^ure, mering into a pretty' thin blade, harder than 
and very brittle. Sp. gr. 7.22. Two parts of lead, and very bright when juft filed. Sp. gr. 
lead and one of antimony gave a lefs brilliant 7.66. 

alloy, of a granular texture, yielding a little Three of lead and one of zinc gave an alloy 
to the hammer, Sp. gr« ii. Three of lead more leaden -in appearance, but harder, more 
and one of antimony gave an alloy of a duller fonorous, and brighter. Four of ^Icad and one 
colour, granular, and extending moderately un- of zinc gave aq alloy ftill more leaden, but yet 
der the hammer. ^ fenfibly harder and Capable of. ^ood polilh* 

Four of lead and one of antimony forms, ac- Twelve parts of lead and one of zinc ftill re- 
cording to Rinman and other autliors, the com- tained a much greater degree of hardnefs, 
mOn type-metal of the letter-founders, though fonoroufhefs, and luftre on the polifhed furface, 
fome acid a little copper or brafs. 'Phis refembled than pure lead. Sixteen parts of lead and one 
the laft-mentibned alloy in appearance, and of zinc fcarcely differed from lead in appear- 
would not take a polifti. Sp. gr. 9.571 • .?nce, but die fpecific gravity was lefs, being 

Eight paxts of lead and one of antimony gave only 10.617. 

Un alloy very like pure lead, but harder and The affinities of the oxyd of lead to the di£- 
nunre fonorous, and of a clofe granular texture ferent acids arc in the following order. The 
« Mcmolret, tom. i. Sr ii. ^ Comm. Soc. GotUng. torn. x. * Comm. Gott. ibid. ^ Thomfoa. 
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fulphuric, facchola£lic> oxalic^ arfenic> tartaric^ 
tnurixtic, phofphoric, fulphureous, fcbacic> ni- 
me, fluoric, citric, ladic, acetic, boracic, 
pruflic, and c^irbonic acids. 

LEAD (White) or Cerujfe. (See the fore- 
going article.) 

LEAD (Sugar of) or Acetite of Lead. (Sec 
the foregoing article.) 

LEATHER. 

The preparation of the fkins of animals for 
the many important purpofes to which they are 
applied is almoil exclufively a chemical procefs 
in all its branches, and as fuch will deferve a 
general notice in this place. 

The art of preparing leather is unqueflion- 
ably one of the moft ancient known, and is 
praftifed in every country on the face of the 
globe with a genetal (imilarity of method, the 
refult of obvious rcafoning, and long experi- 
ence. 

^ The objects fulfilled in converting (kin into 
leather are to prevent the dellru£lion by putre- 
fad^ion, which unprepared (kin would undergo 
(though (lower than with moft other parts of 
animals) and to render it (Iron^, tough, and 
durable, .and in feme inftances impervious to 
moifture. 

The recent ikin (tripped ofF an animal con- 
(ifts principally of the true ciiris, or membran- 
ous texture, the chemical compofition of which 
is gelatin in a denfe (late, but (till entirely fo- 
luble in water more or lefs eafil^, according to 
its denfity. This however is penetrated with 
difierent vefiels for blood, lymph, oiI« &c« 
fome of the contents of which mu(l of neceflity 
remain after the death of the animal, and is 
covered on the outfide tvith the infenfible cuti- 
cle to which is attached thC exterior covering 
of hair, wool, fur, and the like. The chemical 
compofition of Ae cuticle and its investing 
hairy covering, appears* to be condenfed albu- 
men, infoluble in water, and nearly incapable 
of itfelf of putrefaAion, but readily feparable 
from the true tkih by flight mechanical violence 
after the adhefion nas been weakened by in-, 
cipient fermentation or putrefaftionj^or the che^ 
micaT a£iion of lime, alkalies, or acids. 

The preliminary fteps of all the procelTes for 
making leather cotifid in feparating from the 
cutis adhering impurities and foreign matters, 
the animal Juices retained in its pores, and th.c 
cuticle witfr its hairy covering, (except on the 
very few cafes in v^hich the latter is purpofely 
left on.) The true (kin being thus obtained 
m^y pure, and its texture fo far opened as 


readily to imbibe any fubftance in which it 
is macerated, is then converted into leathar in 
different methods, of which there are two quite 
di(tin£l from each other : namely, that of /m- 
ntng^ or impregnating it with that peculiar ve- 
getable matter called tan, and taivtng^ in' which 
it imbibes alum and other falts, and afterwards 
fome foluble animal matter, fuch as the white 
or fometimes blood. Thefe two pro- 
cefTes' are alfo fometimes combined, that is, 
firfl by tawing, and afterwards finifhing with a 
flight tanning. A large portion of the tanned 
leather alfo undergoes the farther operation of 
currying^ or imbuing with on -f’ fome kind with 
much manual labour, in order to render it fup- 
ple, flexible, and (till more impenetrable by 
water. As familiar examples of each, the 
thick fole-leather of (hoes is tanned $ the white 
kid leather, as it is called, for fine gloves, is 
tanved : the upper Icatlier for boots and (hoes is 
tanned zxA curried i and the fine Turkey leather 
is tanned^ and afterwards finilhed with a flight 
tanning. 

The flight variations in the preparation of 
different kinds of leather are fo numerous, that 
only fonie of the leading proceflles can he here 
deferibed. 

Tanned leather. All (kins undergo a con- 
(iderable preparation before they are fit to re- 
ceive the tanning lixivium. In moft parts of 
England the procefs is the following for the 
thin (kins of cows, calves, and thofe that are 
u(ed for the more flexible kinds of leather, mod: 
of which is afterwards finifhed by currying. 
The hide is fird thrown into a pit with water 
alone to free them from loofe dirt, blood, and 
other impurities. After lying there for a day 
or two it is placed upon a (olid half-cylinder of 
(lone, called a heam^ where it is cleared of any 
adhering fat or fleih. It is then thrown into a 
it containing lime and water, in which it is 
ept for feveral days with frequent ftinring. 
Tlie ufe of this is to loofen the hair and cuticle, 
after which the hide is again ftretched on the 
beam and the hair entirely fipraped oflP with a 
blunt knife ,xnade for the purpofe. The hide 
being well freed from the lime is then put into 
a pit called the mqftering-^jfxt^ which is a bath 
compofed of water and the dung of fome ani- 
mal, generally hens or pigeons, or dogs, or, 
where it can be had, of fea-fowl, mfl^ed 
through the water. The diing of horfes or 
cows wtll not anfwer, not being fufficieiitly 
putrefeent. Here. the hide remains for foma 
days, more or left, according to its texture^ 
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and from being hard and thick ( the eiFe£b of 
the lime-water) it becomes very (oft and fup- 
pie. Where the hide is very thin arid fine, 
extreme care is requifite in regulating this part 
of the procofs, for the putrefcent dung is found 
^ powerful an agent, that if the (kin is kept in 
it only a few hours too long its texture is irre- 
coverably deftroyed, and it is reduced to a ge- 
latinous mafs, which pulls to pieces with me 
flighted force. The hide is then thoroughly 
cleaAed on the beam, and is fit for tanning. 

The large thick ox or boar’s hides intended 
Jar ithe toughed fole-leather^ or ’where a very 
drong leather is required, are prepared in a 
different way. Being firft cleaned in water, 
they are fometimes rolled up in heaps and put 
into a warm place where they fpeedily begin to 
putrify. The hair is then loofened, and may be 
(craped off fometimes with, and at other times 
without^ the procefs of liming. The reafon 
why the liming is generally omitted is that the 
lime, if retained in the (kin, renders it too 
hard and liable to crack, and it is not fo eafy 
to walh it out from thefe as from the thinner 
hides. But on account of the thlcknefs of the 
hide and the clofenefs of its texture it is not 
fitted to receive the tan liquor till its pores are 
more completely opened, and this is ufually 
done by immerling it for feveral days in a vat 
containing a four liquor, an impure acetous 
acid, formed from r^e or barley flour ftrongly 
fermented. The acid generated in the procefs 
feems to be a principal agent in opening the 
texture* of the (kin, but this is doubtlefs amfted 
by the continuance of the fermentation, of 
which the (kin itfelf partakes. This procefs is 
called raffing^ and, it always immediately pre- 
cedes that of tanning. Here alfo much care is 
required not u> weaken the texture of the (kin 
too much, for if kept too long^ in this procefs 
it would be corroded and fpoiled. The hide 
comeB out of ehis bath confidwably fwelled and 
foftemd. 

Inllead of this part of the procefs, which is 
often difHcult to manage properly on account 
of the of the weather and other external 
caofes on the neceflkry fermentation. Dr. Mac- 
bride has propofed ttie ufe iof fulphuric acid 
extremely diluted, and this appears now to be 
pretty generally adopted. The proportions 
eoiployed are wmt a wine pint of oil of vitriol 
to fifty gallons of water. 'Ihough the vitriolic 
bal3i:io Sound to have as good an effefl as the 
lye^d barley- feuring'o in preparing the hides 
dM' tan^ of the two fubftSnceS 


feehis to be conflderably different. In lat* 
ter the acetous acid is doubtlefs the chief agenr, 
but the fermentation (lill continues as is ptoved 
by the readinefs with which the (kins are 
rotted if this is too hi^h or too long continued. 
The Ikin alfo after railing in this way is thick- 
ened and foftened. But the vitriolic bath is 
incompatible with any fermentation, and mod 
powerfully checks this procefs, and hence the 
(kin is not readily fpoiled by very long immer- 
(ion, and it comes out thickened and hardened. 
It (hould feem however that each method an- 
fwers perfe£Uy well. 

The next procefs is that of tannings which 
is cffentiaily the fame for all (kins, however 
previoufly prepared, and is founded on the fol- 
lowing chemical fa^s. A great variety of vege- 
table fubftanccs, that is ail thofe that give an af- 
tringent tafle when chewed (fuch as the bark of 
oak, willow,^ alder, and many other trees, the 
gall-nut, tea-leaves, &c. &c.)*when macerated' 
in water, hot or cold, yield to this menftruum 
a fubftance eminently aflringent, of a greyifh- 
white when pure, which is called tannin or tan^ 
whofe properties will be more fully deferibed 
under that article. When any kind of (kin it 
foaked in an infufion of tan it gradually abforbs 
it or extra£ks it from the water in wnich the 
tan is Hiffolved, and the ficiu thereby becomes 
of a firmer texture, fenlibly heavier, no longer 
capable of putrefadion or any Spontaneous 
change, lefs eafily pervious to water, and no 
longer foluble in tnis fluid even at a boiling heat, 
which all untanned (kin is, whatever be its 
previous preparation. The art of tannin|^ 
therefore eflTenttally confifts in nothing more 
than immerfing Ikin for a fufficient length of 
time in an 'ihfufion 'of tan from vegetable bark 
or other fources till it is completmy faturated 
with this principle. Hence the art m preferv- 
ing the hides or animals by .this method is one 
of the mod andent and univerfal of all manu- 
factures, no apparatus whatever being required 
to perform it, exc^t a pit or hole of water in 
which the tanning vegetable may be put, and 
die ikin thrown in along with it. And even in 
the mod careful and improved methods of 
tarChing, almod equal fimpheicy is obferved in 
the operationt except that fome art is ufed in 
regulating the drength of the tim-tnfufion, and 
fome little manipulation in dirring the hides to 
give every part an opportunity of being tho- 
roughly and equally foaked. 

Tm fubdance ufed for tanning in this coun- 
try U aUnoil invariably oak-bark. The timber * 
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being felled in fpring (when the fap has rifeii) 
Ae bark is ftripped off and piled in large (lacks, 
proteAed from the wet by a (licfd^ but open at 
the fides to admit' a free circulation of air 
V through it. The bark before uHng is ground 
into coarfe powder, and is thrown into pits with 
water, by which an infufion of the tan and 
other foluble parts is made, which is called 
technically ooze. The hides prtviouHy prepared 
‘ in one or other of the ways above mentioned 
are then put firft into imall pits with a very 
weak ooze, whore they are allowed to macerate 
for fome weeks with frequent ftirring or hand^ 
ihig ^ it is called. The ftrength of the diffe- 
rent oozes is iiicreafed gradually, after which 
•the half-tanned hides (if of the thick kind in- 
tended for fole-leather, and which ’ require very 
complete tanning) are put into larger pits with 
^ternate^ layers of ground bark, in fubftance, 
till the pit is filled, over which a heading of 
bark is alfo laid, and the interftices filled up 
with a weak ooze to the brim. The hides thus 
are expofed to the full adlion of an ooze nearly 
faturated with tan, and fiipplied with more of 
this principle from the bark in fubftance, in 
proportion as the (kin* abforbs that portion 
already dllToJlvcd, till the tanning Is Judged to 
be complete. This for the heavielt kind of lea- 
ther requires never lefs than fifteen months. 
Skin is known to be fully tanned by cutting a 
pnall piece off the edge of the hide, and obferv- 
ing the change of colour. As far as’ the tan 
has fully penetrated, the cdldur is of a nutmeg- 
brown, but the reft is 'white and therefore 
before the procefs is Complete the upper and 
under fides are brown, and a white line or 
ftreak is feen in the middle. 

■ Laftly, when fully tanned ’ the hide is taken 
out to drain, and ftretched upon a convex 
j^iece of wood called a horfe^ on which it is 
thoroughly fmoothed, and i^aten with a heavy 
ftcci pin, or fometimes pafted between iron 
cylinders, to make it more folid, and at the 
fame time fupple, after which it is taken to the 
dr^ng-ioufey a covered building with apertures 
for the free admifiioh of air, where it remains 
till perfedly dry. . 

The cijonimbn calves-fkins require . for the 
whole procefs of cofiverfion into leather in this 
way from two to four months, the thick fole- 
leather hides from 'fifteen to eighteen or twenty 
months,^ and a boar’s ftiield can hardly 'be 
finilh^ in lefs than two years. Leather gains . 
io we^te'and improves in quality the longer 
it &^lf)rtered to zcinain in the ooze (witliin 


tain limits), and, as it is fold by weight, this is 
alfo fometimes an objedl to the tanners, though 
counterbalanced to a great degree by the leftgA 
of time that muft elapfc before his capital is 
returned. 

The art is indebted to M. &eguin, a tann^ 
of extenfive bufinefs in France, for the fivlt 
accurate explanation of the rationale of the 
procefs of tanning. According to the ancient 
idea of this procefs the efle£l of the infufion of 
aftringent vegetables was fuppofed to be Kttle 
clfc than mechanical, and that it a£led in eon-- 
Jirlnging oY ccndetifing the fibres of the dead 
ikin, as it corrugates the (kin of the palate 
when tailed, and hence rendered it nearly im- 
pervious to moifture and unfufceptible of pu- 
trefa£lion. This explanation however did not 
accord with the a£lual increafe of weight which 
the ikin acquires by tanning, and which 
amounts on an average to an increafe of from 
one-third to one-fourth of the weight of the 
ikin when dry. M. Seguin, reafoning from 
the circumilance that Ikin before tanning is 
completely refolved by water into a liquid jelly, 
but is inlbluble after tanning, was led to the 
limple experiment of adding a folution of (kin 
(or glue) to an infufion of oak-bark, and found 
an immediate precipitate of a thick tough ex- 
tcniible dun-white matter, ftrongly fmelTing of 
tan, and infoluble in water at any heat, and 
which when dry becomes of a dark-brown co- 
lour and brittle. 

This precipitate is an intimate combination, 
of gelatin with' that part of the vegetable infu- 
(ion which gives the tanning property, and be- 
ing altogether a peculiar fubftance is denomi- 
nated tannin or tan^ whofe properaes will be 
more fully deferibed under that article. This 
precipitate therefore hardly differs' from tanned 
leather in any thing but in wanting the fibrous 
organized texture, and what other principles 
the ikin may, have abforbed from the bark- 
infufion during the maceration of feveral 
months, which a fudden precipitation would 
not effe£l. Tannihg therefore coniiils chiefly 
in a flow and moil intimate combination of ve- 
getable with the fibre of the Ikin, which 
continues rill the latter is faturated through itf 
whole thicknefs. 

But oak-bark contains other foluble matter, 
which certainly sfifb enters riie texture pf the 
(kin along with the tan^ and moft infimately 
combines with it, for flein, wlwn’ it has under- 
gone the previous preparation already meni* 
tioned, appears to be dUp ib abfe^^ am wImi' 
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mbforbed to retain a great variety of vegetable 
and animal fubftances. The infufion of oak- 
bark contains^ befides tan^ the gallic acid and 
an extraflive matter, all of which contribute 
to the procefsj and form a part of the tanned 
L leather. That the gallic acid is abforbed is 
proved by the infliant blacknefs which the lea- 
tjlibr afliimes when merely rubbed with a fobi- 
tion of any fait of iron. The cxtra£t appears 
to be that which gives the leather its colour, 
aiid fome degree of flexibility, and from the 
excellent obfervations of Mr. iDavy on the pro- 
cefs of tanning^, it feems probable that the 
quantity of tan abforbed is a good deal regu- 
lated by the quantity of extrad prefent, being 
in general (tlie time of immerfion and llrength 
of the tan-infufion being nearly equal) in inverfe 
proportion to the quanti^ of extract or of mu- 
cilage prefent in the infufion. This is found 
by comparing tlie adiual weight acquired by 
leather, by quick tanning in infufions of differ- 
ent tanning materials, the compofition of which 
has been previoufly afeertained by chemical 
analyfis. The difficulty in experiments of this 
kind of obtaining tolerable accuracy is however 
very great, much greater than in the analyfis 
of metals or minerals, on account of the great 
want of chara£teriftic marks of diflin£lion be- 
tween vegetable matters, when a little changed 
by chemical union with other bodies, and the 
readinefs with which their charadters are irre- 
vocably loft by the common adtion of re«>agents. 

The ftrength of the tanning infufion aim 
moft materially afledts the quality of the leather 
and the weight which the ikin gains during the 
procefs. As tan is more foluble than extradt, 
a folution^adc^haftily, and with a large por- 
tion of the material, will be nearly faturated 
with tan, and contain comparatively but little 
extradfc ; and on the other hand the refidue of 
the above infufion, macerated for a longer time 
in frefh water, will give a folution in which 
there is but little tan, but a large quantity of 
extrad. Now it would feem that Ikin has the 
power of fixing a larger quantity of tan than of 
any pther material, particularly than of extradl^ 
lb that if already nearly faturated with extradt, 
it will of courfe abforb much lefs tan than be- 
fore, and therefore the entire incrcafe of weight 
will he much lefs in this way than with tan 
'alone. The quality alfo of the leather will of 
couirfp be probably diflferent when compounded 
of ikin and taq with very little other ingredients 
tba^ when it is a compound of ikin and tan 


^ with a larger portion of extrad^ and in particu- 
lar the former feems to be more brittle and iefs 
urable than the latter, as far as experiments h;tve 
hitherto been made. The mere du/ration ojF the 
procefs alfo, as regulated folely by the ftrength 
of the infufion, that is where precifely the fame 
infufion is ufed, but more or lefs diluted, may 
probably confidcrably afFed): the quality of the 
leather, for when the procefs goes on very 
rapidly it is poifible that the outer part of the 
ikin may be tanned ftroiigly before the innet 
part is penetrated with the liquor, and as tanning 
gives a clofenefs of texture and diflicult permea- 
bility to liquids it may happen that this very 
circumftance may prevent that uniformity of 
faturation with tan which would feem defiraDle. 

The precipitate made by a folution of gelatin 
dropped into an infufion of any tanning vege- 
table matter appeared by Mr.Davy’s experiments 
to be tolerably uniform in its compofition what- 
ever be the other conftituentrs of the vege^blc 
infufion. Thus when galls were ufed the precipi- 
tate contained about 46 of tan and 54 of gelatin, 
with catechu it contained 41 per cent, of tan, 
with oak bark 41 per cent, and with the Leicef- 
ter willow 43. But real ikin will never acquire 
fuch an increafe of weight as the folution of 
gelatin either becaufe other fubftances enter the 
compofition of leather, or becaufe the textilre 
of the flrih will not allow it to condenfe and che- 
mically unite with fo much tan as the fame licin 
when diflblved in the form of glue, for glue (as 
mentioned under the article Gelatin) is only a 
Iblution of the refufe part of (kin. Thus it was 
found that a piece of Ikin compleatly tanned by 
three week’simmerfionin a ftronginfufion of galls 
only gained weight in the proportion of 39 to 
61 of (kin; and this was even the greateft increafe 
of weight obferved, (being much more than that 
of common leather,) and in confequence made 
a much harder and more brittle leather. 

With regard to the effedk produced by the 
time of immerfion, it was found in difterent ex- 
periments that ikin apparently equally well 
tanned in each cafe, abforbed much more tan by 
rapid than by flow tanning: too parts of leather 
prepared in 2 weeks, containing 73 of Ikin and 
27 of tan and other materials abforbed from the 
oak bark infufion, and the fame quantity of 
leather prepared in 12 weeks (the infufion being 
proportionably weaker) containing 85 of ikin 
and 15 of tan and other vegetable matter. A 
fimilar difTerence was found when infufion of 
willow bark was employed* 
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- The fuppofecl improvement in the procefs of 
tanning pra£kifed and aAually propofcd by M. 
Seguin may here be (hortly mentioned. This 
ingenious artift wifliing to abridge the enormous 
time employed in common tanning (and confe- 

a uent expence} and confidering the tan as nearly 
ic only a£live principle In this procefs, adopted 
the plan of ufing folutions of tan, inftead ot the 
mixture of bark and ooze ufually employed, and 
of feveral and known degrees of ftrength in 
which the (kin might be rapidly palled from the 
weakeft to the ftrongeft by a more regulated gra- 
dation than is ufually done. For this purpofe 
lie had a feries of vats ■ containing the oak- 
1>ark, and began by pouring water on one of 
them, and after a iliort time drawing it ofF 


that the leather prepared in this new method is 
lefs durable and more brittle than in the old way. 

'I'he only real improvement of late adopted 
in this part of the procefs is to ufe fonie of the 
oozes warm by which the fkin is fooner pene- 
trated with the ooze, and a faving of time made 
of fome confequence. £ 

,^Dr. Macbride propofes lime-water to be u^ 
inftead of common water for the extraftioh of 
the tan from the oak -bark, but this feems to be 
mifehievous, as the only aflignablc effcfl of (he 
lime would be to contrafl: a firm union with a 
portion of the gallic acid and the tan, the rcfult 
of which would be an infoluble calcareous fub- 
ftance utterly unfit for any purpofes of tanning* 


clear through a hole at the bottom. This firft 
ooze was then poured on the bark of the fecond 
vat, and drawn off as before, by which it became 
fenfibly ftronger of tan. This liquor again was 
ufod^ to the third yat, and again to a fourth, ac- 
cording to the number, till it became quite 
faturated with tan. In the mean time frelh 
water was pouted on the bark of the different 
vats in the fame order, which produced a fecond 
ooze ft ill very ftrong but inferior to the firft: 
and thus three or four or more different oozes 
were obtained, all differing in ftrength, and 
which was the tanning liquor employed. The 
fleins then being previoufly prepared in the way 
already deferibed, were paffed fucceffively 
through the different oozes, beginning with the 
weakeft and afeending to the ftrongeft till they 
were compleatly tanned, which was known by 
the difappcarance of the white line in the middle 
of the fkin when cut through. 

It appears beyond a doubt that the procefs of 
tanning is moft materially (hortened by this 
method of M. Seguin, and that very perfect 
leather is produced, but though now known for 
feveral years it does not appear to be adopted to 
any extent in this country, where leather is ma- 
nufaftured in vaft quantities both for home 
confumption and for exportation to many parts 
of Europe, in which Englilh leather is. in the 
higheft fepute. From the way in which the 
oozes are made, according to M. Seguin, they 
muft of ncceffity contain much more tan in pro- 
portion to the extrafl: and other vegetable matter 
than where the bark itfelf is fuffered to remain in 
fubft;3ncc along with the ooze and fkin for many 
months, as the tan is much the moft foluble 
of all the fubftances that are to he extra A- 
cd by water, fo that bark may readily be exhauft- 
ed of tan, long before the extradi, refin, gallic 
acid, and other materials are got out. It is faiil 


Of Tanvingf Leaiher^drfjing and dyeings anct 
other procejfes. 

The drelling and preparing of the (kins of 
lambs, fheep, goats, and other thin hides, though 
in many particulars clofely refembling tne 
method ufed with the thick cow and ox hides, 
forms ufually a totally diftindl branch of bufi- 
nefs, and is one in which a good deal of pra£txcal 
(kill and nicety of manipulation is required to 
fucceed perfe£Hy. The procefles are very 
various according to the article required, and 
this branch of the manufafture fupplies the 
immenfe demand of white and dyed leather for 
gloves, the (fo called) morocco leather of differ- 
ent colours and qualities for coach linings, 
book-binding, pocket-books, and thin leather for 
an infinite number of fmallcr purpofes. Of 
thefe the white leather alone is not tanned but 
finifiied by the procefs of tawing, but the 
coloured leather receives always a tanning (ge- 
nerally by fumach) independent of the other 
dyeing materials. The previous preparation of 
each, or that in which the fkin is thoroughly 
cleanfed and reduced to the ftate of fimple 
membrane in which it is called pelt^ is efientially 
the fame whether for tawing or dyeing. It is 
thus performed at the beft manufa£forics at 
Bermondfey, near London, a place long cele- 
brated for all branches of the leather bufinefs. 

By far the greater number of the Ikins are 
imported: if iambs they are tlius prepared; 
the (kins are firft foaked tor a time in water, to 
cleanfe them from any loofe dirt and blood, and 
put upon the beam commonly ufed for the pur- 
pofe, which is a half cylinder of wood CQvered 
with ftrong leather, and scraped on the flclh 
fide with the femicircular blunt knife with two 
handles ufed in this operation. ^ They are then 
hung up in confiderable numbers in a fmall clofe 
xpom heated by flues, where they remain to 
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patrefy for a given time, as is caflly perceived 
by tiie ftroiig ammoniacal odour which ifTues 
from them when the door is opened. During 
this procefs a thick filthy (lime works up to the 
furface of the fkin, by which the regularity of 
< >jhe procefs is judged of; and the wool is loofen- 
fo that it readily comes off with a (light 
puDl. Each fkin is then returned to the beam» 
the wool taken off and preferved, and all the 
dime worked off with the knife, and the rough 
edges pared away. The (kin is then put into a 
pit filled with lime water and kept there from 
two to fix weeks more or lefs according to the 
nature of the (kin, which has the e(Fe£fc of check- 
ing the further putrefafiion, and produces a very 
remarkable hardening and thickening of its fub- 
llance, and probably alfo it detaches a further 
portion of the (lime. The (kin is again well work- 
ed upon the beam, and much of its fubfiance 
pared down, and all inequalities fmoothed with 
the knife. Much pains and judgment arc requir- 
ed in thefe operations on the one hand not to en- 
danger the fubfiance of the (kin by the putre- 
fa£lion (which if carried on too long would 
foon reduce it to an incohefive pulp) and on the 
other hand to work out every particle of the 
ilime, the leafi of which if retained will prevent 
the (kin from drefiing well in the fubfequent 
procefles, and from taking the dye uniformly 
and well. The (kin is then again foftened and 
freed from the lime by being thrown into a vat 
of bran and water, and kept there for fome 
weeks in a (late of gentle fermentation, being 
occafionally returned to the beam. All the 
thickening produced by the lime is thus 
removed, and the (kin is now as highly purified 
as po(nble,o^id a thin extenfible white mem- 
brane called in this (late a pe/tj and is now fit 
for any fubfequent operation of tawing or dye- 
ing, or oil dre(fing, or (hammoying. 

The method of bringing kid and goat’s (kins 
to the (late of pelt is nearly the fame as for 
lambs, except that the liming is ufed before the 
hair is taken off^ the hair heing of no great 
importance, and only fold to the plaifierers, but 
the lamb’s wool, which is more valuable, 
would be injured by the lime. Kids’ (kins will 
take a longer time in tanning than lambs’. 

If the pelts are to be iawid they are then put 
into a folution of alum and fait in warm water, 
in the 'proportion of about three pounds of alum 
and four pounds of fait to every 120 middle-fized 
ikins, and worked about therein till they have 
abforbed a fufiicient quantity. This again gives 
the (kin a remarkable degree of thicknefs and 
toughnefs. 


The (kins are then taken out and waflied ia* 
water, and then again put into a vat of bran 
and water and allowed to ferment for a time, 
till much of the alum and fait is got out and 
the unufual thickening produced by it is for 
the mod part reduced. They arc then taken 
to a lofty room with a (love in the middle, and 
(Iretchcd on hooks and kept there till fully dry. 
The (kins are then converted into a tough, flexi- 
ble, and quite white leather, but to give them 
a glofly finilh, and to take off the harfimefs of 
feel dill remainmg, they are again foaked in 
water to extra£l more of the fait, and put into 
a large pail containing the yolks of eggs beat 
up with water. Here the (kins are trodden for 
a long time, by which they fo completely im- 
bibe the fubfiance of the egg that the liquor 
above them is rendered alnioll pcrfc6lly limpid, 
after which they are hung up in a loft to dr]r 
and (iniflied by glofling with a warm iron. 
There are other fmaller manipulations, which 
need not be here mentioned. 

The eflential difterence therefore between 
tanning and tawing is, that in the former cafe 
the pelt is combined with tan and other vegeta- 
ble matter, and in the latter with fomeming 
that it imbibes from the alum and fait (poflTibly 
alumine) and which certainly is never again ex- 
trafted by the fubfequent walhing and branning. 

The (10 called) Morocco leather, prepared 
from (hecp-(kins chiefly, and ufed fo largely for 
coach-linings, pocket-oooks, and the bed kind 
of book-binding, is thus made. The (kin, 
cleanfed and worked in the way already dc- 
feribed, is taken from the lime-water, and the 
thickening thereby occafioned is brought down, 
not by bran liquor as in tawing, but by a bath 
of dogs’ or pigeons’ dung difFufed in water, 
where it remains till fufliciently fuppled, and 
till the lime is quite got out and it becomes a 
perfedlly white clean pelt.. If intended to be 
dyed red it is then fewed up very tight in the 
form of a fack with the grain fide outwards 
(the dye only being required on this fide) and* 
is immerfed in a cochineal bath of a warmth 
juft equal to what the hand can fupport, and is 
worked about for a fufiicient time till it is uni- 
formly dyed, a procefs that demands much (kill 
and experience. The fack is then put into a large- 
vat cont-aiiiing fumach infufed in warm water, 
and kept for fome hours till it is fufliciently 
tanned. 

^rhe (kins intended to be blacked are merely 
fumached without any previous dyeing. After 
fome further preparation the colour o£ the fine^ 
xed (kins being finilhed witli a weak hath of 
£ 2 
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iaffrons the ikins when dry are grained and 

S [>liihed in the following way. They are 
retched very tight upon a fmooth inclined 
boards and rubbed over with a little oil to fup- 
ple them. Thofc intended for black leather 
are previoufly rubbed over with an iron liquor, 
by means of a ilifF brufh, which, uniting with 
the gallic acid of the fumach, inftantly ftrikes 
a deep and uniform black. They are then 
rubbed by hand with a bail of glafs cut into a 
polygonal furface, with much manual labour, 
whira poliihcs them and makeib them very firm 
and compaf):. Laftly, the graining or ribbed fur- 
face by which this kind of leather is diftin- 
guiihed is given by rubbing the leather very 
ilrongly wim a ball of box-wood, round the 
centre of which a number of fmall equidiftant 
parallel grooves are cut in, forming an equal 
number of narrow ridges, the fri£lion of which 
gives the leather the defired inequality of fur- 
face. 

The common mode of currying leather for 
fhoes, boots, &c. confids in firft foftening the 
hides as they come from the tan-pit, partly by 
foaking in water, partly by mechanical means, 
and then impregnating it with fome kind of oil, 
by which means it is rendered much more 
impervious by moifture, and proper to proteft 
the feet from the inclemency of the leafons. 
The procefs in a few words is the following : 
the hide is firil foaked thoroughly in water, 
then placed on a poliihed wooden beam with 
the flefh fide outwards, and pared with a broad 
fbarp knife till all the inequalities are removed 
and it is reduced to the required thinnefs. It is 
then again waihed and rubbed with a poliihed 
done, and while ftill wet it is befmeared with 
curriers oil, generally fiih-oil, or a mixture of 
this and tallow. When hung up to dry the 
moiilure evaporates, and the oil, which cannot 
be diUipated by mere expofure, gradually takes 
the place of the moUlure, and penetrates deeply 
into the pores of the leadicr. It is then dried 
either in the fun or in a ftoved room. 

Blackening the leather is alfo a part of the 
curriers hufinefs, which is done on the grain 
fide, fimply by rubbing with an iron liquor, but 
on the llefli fide with a mixture of lamp-black 
and oil. 

Shammoyed leather is generally lliecp or does 
ftin, prepared in the way already mentioned 
- by drelfing, liming, &c. and dyed if ncceflary, 
and then finifiicd in oil. This forms the com- 
mon^ wafh-leather, breeches leather, &c. and 
is the only kind which, when dyed, will bear 
Daniels Rural Sporta. ^ 


wafhtng without the colour b^ing materially in- 
jured. 

Common boot-leather, as ufually prepared. 
Is ftill in fome degree pervious to water by 
long expofure to wet, ^nd therefore fiftiermen, 
wild-fowl {hooters, and thofe whofe employ- 
ment or amufement leads them to be long cm 
wet ground, ufually prepare their boots wlro 
an additional drefiing of fome oily or refinous^ 
matter. 

The punt-fhooters in Cambridgefliirc and the 
adjoining fenny parts of England, ufe the fol- 
lowing mixture with very good effeft.** Melt 
together in an earthen pipkin i lb. of tallow,. 
4 oz. of hog*s lard, 2 oz. of turpentine, and 
as much bees-wax : make the boots thoroughly 
dry and warm, and rub in this mixture well 
with a little tow as hot as the hand can bear» 
or elfe hold the boots over a very gentle fire till 
the leather has thoroughly imbibed it. Ano- 
ther mixture for the fame purpofe, and ufed by 
fifhernien, is : bces-wax. Burgundy pitch, and 
turpentine, of each 2 oz ^ tallow, 4 oz. : or 
i lb. of be^wax, I lb. of rofin, and | lb. of 
beef-fuet. In all cafes the boots muft be quite 
dry, and the mixture applied very warm. 

It only remains on the fubje£^ of leather to 
notice very fliortly fome of the moft remarkable 
kinds of leather prepared in foreign countries, 
for the general methods of making leather re- 
femble each other very clofely in every part of. 
the globe. 

The procefs for the real Morocco leather, as 
prepared from goat-fkins at Fez and Tetuan, is 
thus deferibed by M. Brouflbnet.® T]^#i..ikins 
arc firft clcanfed, the hair taken off, limed and 
reduced with bran nearly in Ac w^y already 
deferibed for the EngU(h Morocco leather. 
After coming' from the bran they are thrown 
into a feconnbaA made of white figs, mixed 
with water, which is thereby rendered ilimy 
and fermentable. In this bath the ikins remain 
four or five days, when they are thoroughly 
faked with fal-gem (or rock fait) alone (and 
not wiA fait and alum) after which they are 
fit to receive the dye, which for the red, is 
cochineal and alum, and for the yellow, pome- 
granate bark and alum. The ikins are then, 
tanned, drefled, fupplcd with a little oil, and 
dried. 

Much excellent leather of every kind is pre« 
pared in difierent parts of the Ruffian empire. 
The preparation of the fine Ruflia leather, fo. 
well known for its quality and for its peculiar 
fmell, is deferibed at large in Mr. Tooke’s. 
Bulletin dr» Seicnccf, Repertory, vol« xi». 
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**.View of the Ruffian Empire/^® to which we 
muft refer the reader for the minuter particu* 
lara. In general it may be dated that the hides 
are firft put into a weak alkaline lye to loofen 
the hair^ and then fcraped on a beam^ then (if. 
*^alves} are reduced by dogs dung, and a^four 
o^meal drench, then tanned with great care 
aniP frequent handlings The bark ufed here is 
feldom oak, but, where it can be got, the bark 
of the black willow, or if this cannot be had, 
birah-bark. They are then dyed either red or 
black,, thefe being the two colours the mod 
adeemed. For the red the hide is fird foaked 
in alum and then dyed with brazil wood. The 
black is given as ufual with an iron liquor. 
The leather is then fmeared with birch tar, 
which gives the peculiar fmell fo much prized 
(and which when ufed for book-binding has 
the valuable property of prote^^ing the book 
from worms), and is finidied by various other 
manipulations. 'I'he dreaked or barred furface 
is given to the leather bv a very heavy deel 
cylinder wound round with wires. 

A valuable Saffian or dyed ^aroquin leather, 
almod equal to that of Turkey, is prepared 
largely at Adracan and other parts of Afiatic 
Ruffia. Only bucks and goats (kins are ufed 
for this purpofe. The favourite" colours are 
red and yellow. The general method of pre- 
paring tnc pelt is the fame as in this country 
for the dyed Morocco leather, that is by lime, 
dog’s dung, and bran. Honey is alfo ufed 
after the branning. The honey is diflblved in 
warm water, and foiiic of this liquor is poured 
oA**ea^ jQ^ fpread out on wooden trays till it 
has imbibed the whole of the honey, after 
which it is let to ferment for about three days, 
and then limited An a drong brine and hung up 
to dry. The Ikin is then ready to receive the 
dye, which for red is made witn cochineal and 
the falfola ericoidesy an alkaline plant growing 
plentifully on the Tartarian fait defarts, and 
iShe colour is finiihed with alum. When dyed, 
the fkins are tanned with fumach. To the 
very fined reds a quantity of forrcl is ufed with 
the cochineal bath, and the fubfequent tanning 
is given with galls indead of fumach, which 
renders the colour as durable as the leather 
itfelf. The roughnefs always obferved on the 
furface of the Ikin is given oy a heavy kind of, 
iron rake with blunt points. The yellow faf- 
iians are dyed with the berries of a fpecies of 
rhamnus (the Avignon berry would anfwer the 
fame purpofe, and is ufed in other countries) or 
with. Ae flowers of the wild camomile. 


That fingular and valuable leather calh|d 
Shagreen is a manufadlure almoft peculiar 
Adrakan, where it is prepared by me l^rtara 
and Armenians. For making ma^rcen only 
horfes’ or aiTes’ hides are taken, and it is only a 
fmall part from the crupper along the back tnat. 
can be ufed for this purpofe. This is cut ofF 
immediately above the tail in a femicircular 
form, ;^bout 34 inches upon the crupper and 28. 
along the back. Thefe pieces are nrd foaked 
in water till the hair is loofe and is fcraped ofl^ 
and the ikin, again foaked, is fcraped fo thin as 
not to exceed a wetted hog’s bladder in thick- 
nefs, and till all the extraneous matter is got 
out, and only a clean membranous pelt remains. 
The piece is then dretched tight on a frame>, 
and kept occafionally wetted &at no part may 
fiirink unequally. The frames are then laid on. 
a floor with the flefli fide of the (kin undermod, 
and the grain fide is drewed over with the 
fmooth black hard feeds of the alahuta or goo(e^ 
foot (Chenopodium album) and a felt is then, 
laid upon them, and the feeds trodden in deeply 
into the foft moid (kin. The ufc of this is to 
give the peculiar mottled furface for which flia- 
green is diftinguiflied. The frames with the 
feeds dill dicking to the (kin are then dried 
(lowly in the (hade till the feeds will (hake oflT 
without any violence, and the (kin is left a' 
hard horny fubdance with the grain fide deeply 
indented. It is then laid on a folid block covered 
with wool, and drongly rafped with two or 
tliree iron indruments (the particular form of 
which need not be here deferibed) till the whole 
of the grain fide is ilKived, fo that the iniprefTion 
of die feeds is very flight and uniform. The 
(kins are then foftened fird with water, ancL 
then with a warm alkaline lye, and are heaped 
warm and M'^et on each other, by which means 
the parts indented by the impreflion regain 
much o£ their eladicity, and having lod none 
of their fubdance by paring, rife up fully to 
the level of the (liavcd places, and dius form 
the grain or granular texture peculiar to the 
(hagreen. The fcin is then faltcd and dyed. 

The beautiful green dye is given by (baking 
the inner or flcfli fide of the (kin with a fatu- 
rated folution of fal-ammoniac, drewing it over 
with copper filings, rolling it up wiA the fle(h- 
fide inwards, and prefling each Ikin with- a con- 
fiderable weight for about twenty-four hourr„ 
in which time the fal-ammoniac diflolvea 
enough of the copper to penetrate the (kin with 
an agreeable fea-grecn colour. This is-repeatedL 
a fecond time to, give the colour more body. 


*Vol. uLp. 514, 
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Blue (hagreen is dyed witli indigo diflblved 
in an impure foda by means of lime and honey. 
Black (hagreen is dyed with galls and vitriol. 
The (kins are hnilhed with oil or fuet. 

LEAVEN. See Bread and Fermenta- 
tion. 

LEMONS, ^r/V/ 2/*. See Citric Acid. 
LEY or LEES, is ufually applied to any alka- 
line folution made by lixiviating pearl, or wood, 
^or other alhes that contain alkali. 

Soap Lees is an alkali ufed by foap boilers, or 

{ )Ota(li or foda in folution, and made cauAic by 
ime. 

Lees of Wtne are the refufe or fediment that 
depofits from wine by Aanding undiAurbed. 
See TVtne. 

LEPIDOLITE. Lepidoliih^ "Wem. Lepi» 
dolithe^ Broch. 

Its colour is pcach-bloflbm red palling into 
lilac-blue, alfo pearl-grey and yellowiAi-grcy. 
It» occurc in maf?, and difleminated in imall 
fcales, refcmbling mica. Its luAre is gliAening, 
fomewhat palOng into Aiining. Its fradure is 
fine-grained, uneven, paflinc on one hand into 
lamellar, and on the other hand into fplintery. 
Its fragments are indeterminately angular (harp- 
edged. It occurs in granular diAindl concre- 
tions. Is tranflucent in thin pieces*, moderately 
hard, pafling into foftj eafily frangible. Sp. gr. 
2«8 i — 2.85. 

Before the blowpipe it melts eadly without 
intumefcence into a white porous tranfparent 
enamel. At a high heat in a charcoal crucible 
it yields a pale grey, denfe femitranfparent hard 
glafs, and lofes 17 per cent, of its weight. 

Its analyfis was nrA undertaken by Klaproth^, 
by whom it was found to contain, 

Silex - - - - - 54.5 

Alumine ----- 38.25 

Potalh ----- 4, 

40 xyd of iron and manganefe 0.75 

97.50 

Lofs 2.5 
too. 

A more accurate examination of this mineral 
was however fubfequently undertaken by Vau- 
4jueling with the following refult. 


Silex - - - - 54. 

Alumine - - - 20. 

Fluat of lime - - . 4. 
Oxyd of manganefe 3. 
Ditto of iron - - i • 
iPotaHi - - . . i8. 
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This mineral has hitherto been found* only at 
Rofena, in Moravia, where it forms a thin oed 
in gneifs. 

LEUGITE. Leuzitf Wcm. Leucite^ 
Broch. 

Its colour is yellowi(h, grcyKh, and^rarel^ 
reddiih white. It occurs in rounded or angukf* 
grains, or cryAallized in folids of twenty-frar' 
faces, compofed of two acute eight-fided pyra- 
mids, fet hafe to bafe, with the fummits re- 
placed by obtufc four-fidcd pyramids, the pismes 
of which correfpond alternately with thofe of 
the original pyramid. The cryAals are always 
imbedded, and cryAallized all round. The 
furface of the grains is rough, and for the moA 
part dull; that of the cryAals is fmooth or 
ilightly Areaked and gliAening. Internally it 
is (hining with a vitreous luAre. The fra£lure 
is lamellar, palling to imperfectly and flat con- 
choidal. Its fragments are indeterminately 
angular (harp edged. It varies from femitran{- 
parent to opake. It is moderately hard, brittle^ 
and eafily frangible. Sp. gr. 2.46 — 2.49. 

It is infufible before the blowpipe without 
addition : witli borax k gives a brownifli tranf- 
parent glafs; when expofed to a Aream of 
oxygen gas it melts eafily into a whitifii tranf- 
parent glafs. 

It was firA analyfed by Klaproth, and then 
by Vauquelin, with the following refults, 

Klapr. Vauq. 

Silex ^ 54. — 56. 

Alumine 24. — 20. 

Potalh - 21. — 20. r 

Lime - o — • ; 


Lofs 


99 

I 
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Leucite occurs in lava, as well as In bafalt, 
and the other rocks of the lateA trapformation. 
In bafalt it is for the moA part vitreous, but in 
lavas it is opake and earthy. It is much lets 
fubjed to decompofition than the lavas in 
which it is contained, hence it occurs abun- 
dantly in loofe cryAals in certain volcanic dill 
trids : the road from Rome to Frafcati in par- ^ 
ticular, is in many parts quite covered with 
them. 

The lavas of Vefuvius and the bafalts of Italy 
abound in leucite ; it alfo occurs in the bafalt 
and other congenerous rocks of Bohemia. 

LEVIGATION is the redu&ion of any fub- 
Aance to an impalpahie powder by rubbing on 
a ^at marble, or odier hard fubAance. 
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LICHEN^ Several plants of this genus are 
known in technical chemiftry as containing n 
^antity . of mucilage in confiderable purity. 
The extra^ion of this principle from the plant 
has lately been attempted by Lord Dundonald. 
r^ee Mocilagu* 

\ LIDISCHERSTEIN. See Kieselscmibfer^ 
LIGNEOUS ACID. See Acetous Acid 

{ftnpyreume^ic ) . 

LIGHT. The chemical properties of light 
are^s yet but very imperfectly known, though 
riiere is great reafon to believe mat it is an agent 
of capital importance in many of the great che- 
mical changes that are going on in the vifible 
world, and even in the experiments of the labo- 
ratory Its effects are often clearly demonftrable. 

The procefs of rapid cotnhwion is always 
attended with the evolution of light along with 
* heat, the fource of both of which is aferibed by 
Lavoilier to the oxygen which is known to be 
effential to combuftion, fo that according to this 
eminent philofopher whilft any fubftance is 
burning, the oxygen alone unites with the com- 
buftible fubftance, forming an oxyd, acid, &c. 
according to circumftances, and both the 
light and heat which prevxoufly exifted in the 
oxygen are now fet at liberty and appear in the 
form of vifible flame- 

But there arc many weighty objeClions to 
this latter part of the hypothefis, which will 
be found under the articles oxygen and combtiftion^ 
fo that many chemifts have returned to the old 
opinion that the light is derived from the burn- 
body and not from the oxygen that fupports 
CWi^hgi^^ion, ^^ opinion which on the whole 
^thettfXJ^grees with the obferved phenomena. 

The fun’s rays, the great fource of light as 
well as heat to 'bur world, have lately been 
found by Dr. Herfchel to contain, bendes all 
’ the common coloured rays, fcparable by the 
prifm, a number of rays of mere heat, giving 
no light, ftill lefs refrangible than the red rays 
of the f^eClrum, and therefore extending be- 
yond them, and producing a greater degree of 
heat than any of the vifible rays. More lately 
it has been difeovered, as appears both by 
Dr. Wollafton* and Mr. Ritter,'* that beyond 
the oppofite or violet fide of the prifm, are cer^ 
tain other rays, alfo invifible, which do not 
affeA the thermometer, but which produce 
ibme of the chemical efFeCls of the vifible rays 
of light, particularly of the violet rays to which 
thefe are contiguous. Thefe therefore appear 
to be (if the expreffion maybe allowed) invjfible 
rays of lights or rays which, though they do not 

* Phil. Traaf. for iEoa. ^ Thil. 


illuminate^' agree in chemical properties wiA' 
thofe that do, and appear to be more tlian any 
other,, feparate from folar heat. 

The moft rapid and moft unexceptionable 
chemical efied); of pure light hitherto dilco>>ered,. 
has been the change of colour of white luna cor- 
nea to a purplifh-brown, or flate colour. This 
change takes place without requiring the leaft 
increafe of temperature, or in any way being. 
afFe£led by heat or cold, and it occurs equally 
well in clofc as in open veflbls, and only on the 
furface immediately expofed to the light. . This 
change has been fuppolbd to depend on a deox- 
ygenation and incipient reduclion of the lub- 
muriat of filver, but without being fupported 
by any very unexceptionable experiments- 

Some otlier anomalous chemical effcdls of 
folar light may be here mentioned. When the 
folutions of gold and filver, efpccially the for- 
mer, are placed in contaA w'ith charcoal or 
with any other vegetable, or *afty»^jfiriifal mat- 
ter, the metal is reduced totally or partially by 
expofure to the fun’s rays, and the reducing 
fubftance is generally covered with a film of 
gilding or filvering. Count Rumford however 
has ftiewn that this efFedl is not cxclufivcly 
owing to light, fince it will take place in opakc 
veflels when the temperature is raifed to that 
of boiling water. In this way a bit of charcoal, 
may be moft beautifully fpangled with gold or 
filver. 

Light ftrongly tends to dccompofc liquid oxy- 
muriatic acid, experience having Ihewn that 
to preferve it long it muft be kept in a dark 
place or in opake bottles. 

Light alfo renders pale nitric acid agaia^ 
ruddy and fuming to a certain degree, even 
though inclofed in veflels hermetically fealed- 

Many of.the vegetable acid falts, particularly 
the acetites, appear to be ftrongly aflefted by 
light, to become brown, turbid, and at Ian: 
confiderably decompofed. 

A very ^eat proportion of the natural dyes 
and colouring materials from the vegetable or 
animal kingdoms, have their brilliance of hue , 
much impaired, and often entirely faded, by 
long expofure to the fun’s rays, and hence thp 
neceflity of keeping fine tapeftry, carpets, pic- 
tures, &c. as much as poflible, out of the lun- 
fiiine. The mode in which light operates here* 
is totally unknown. 

The cryftallization of faline fubftances Is re- 
markably afTcdled by light, and tliere feenis a 
ftrong influencing affinity between light and 
cryftallization, fo that during the cryftallizatioxL 
Joura, 8vo. vol. W, and viii. 




cff any folutioiij if the light be only partially 
admitted, the cryftals will be much more nu- 
merous on the luminous than on the dark fide, 
and often the whole mafs of cryftals will radi- 
ate towards the luminous point* Solutions of 
moil of the non-delic]uefcent falts, fuch as car^ 
bonat of foda or nitre, when put in a glafs 
veflel, and abandoned to fpontancous evapora- 
tion, will form arborefccnt cryftalline pellicles, 
that flowly travel up the empty fides of the 
vefiel and gradually overtop it, and proceed 
down on the outficie. This procefs always 
begins bn the fide the neared to die light, and 
is often entirely confined to it. Acetited lime 
exhibits this appearance in a very beautiful 
manner. 

All folids and denfe liquids (not evaporable) 
become red and luminous at a certain tempera- 
ture, which temperature is therefore deferibed 
as being a red heat. It appears 
however 'fro/h***'a*vcry fimpic and fi isfadlory 
experiiiient of Mr. T. Wedgwood,*^ that gafes 
are not luminous, even at a very high heat, at 
which folids immerfed in them readily glow 
with a very bright red. 

Whether any intenfity of heat would have 
this e(Fe£l on gafifes is doubtful. 

Independ<5htly of the luminoufnefs produced 
by a high temperature, there is another kind of 
glow or phofphorefcence which a vaft number 
of bodies exhibit, but in very unequal intenfity, 
cither when the temperature is raifed flightly, 
or by attrition, or by incipient chemical change. 
In the former inftance it often appears totally 
unconnected with combuftion or any other 
chemical phenomenon. 

Some of the moft important particulars on 
this curious fubjeCl will be mentioned under the 
article Phosphorescence. 


hours either the white Carrara marble of the 
ftatuaries, or oyfter-ftidls (the outer coat being 
fil'd taken o(F). In both the lime is very con- 
fiderably pure, that obtained from marble being 
only mixed with a fmall portion of (ilex, and 
fometimes with an atom of iron, and that ffoi^ 
the (hells containing only a little phofphat>^j 
lime. ^ J 

To obtain lime perfeClly pure, let nitric . or j 
muriatic acid (free f^rom iron) be quite fatuuted ! 
with fragments of white marble, leaving i^mej 
of it for a time in the folution that only the] 
lime may be taken up ; add a little perfectly' 
cauftic ammonia to the folution, which will 
feparate any accidental impurity of iron orj 
other earths but not the lime, then precipitate] 
the lime in the date of carbonat by carbonated 
ammonia, edulcorate the precipitate, and after- i 
wards calcine it thoroughly. If the burning be 
done in an earthen crucible, too ftrong a heat ! 
mud not be ufed, as it would caufc a portion of 
the lime to vitrify with, and adhere to the fides 
of the crucible, but with a platina crucible any 
heat may be given. 

Oyfter-(hells will anfwer as well as marblet ' 
but the phofphat of lime, taken up by the acid 
along with the lime, mull be firft feparated by 
pure ammonia. 

The lime is known to be thoroughly calcined . 
when, after being moidened with water, and ' 
reduced thereby to a foft pulp, it excites no . 
cfFcrvefccnce with any acid moderately dilute* ; 
The portion that has begun to vitrify with the ■ 
crucible remains hard and gritty, and will 
mix with water. ' ^ ^ 

The moft known and remarkable 
non attending lime is the Jlacking ,with water.l 
When a lump of well-burnt *iime' is dipped in! 
water and removed after a fecond or two, or 


LIME. Chaux^ Fr. Kalk^ Germ. otherwife wetted fo as not to be drenched, the \ 

Lime is an earth moderately hard, of a hot furface immediately dries, after which little 
acrid tafte, foluble in water, though to a fmall fooner or later according to the kind or lime- 
extent, producing nearly the fame change on done -employed) it becomes very hot, fwells, 
vegetable colour as the alkalies do, and ftrongly and cracks in every direflion, and falls to 
promoting the fufion of all earthy mixtures. pieces with a fnapping noife and the evolution 
It is always prepared artificially by heating of a copious denfe fteam, owing to the vapori- 
the various fpecies of carbonats, till tne carbo- zation of the water by the intenfe heat gene- 
nic acid is driven, off, and it is made in very rated. If a large quantity of very well burnt 
]arge quantities for the important purpofes of lime be flacked in the dark, flafhes of light are ’■ 
mc^tars and cements of diflFerent kinds, for alfo obferved to come from it when breaking to 
manure, and for other fmaller ufes. The pro- pieces. The lime by this procefs falls into a 
eefs of lime-burning in the large way will be very line dry impalpable powder, and when 
noticed in the following article. cold* it will not again heat by more water. 

For nice chemical purpofes lime may be In this date it is called Jlacked limey and k 
4 Xiade bj calcining in a full red heat for fome differs from yiich or unflacked lime, as appears^ 

* Phil. Trsuif. for I 70 ». 
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^ mply by containing water, and probably alfo 
-by having parted with a large quantity of calo- 
ric, but it does not at this time contain any 
-notable quantity of carbonic acid. Slacked 
lime dried at a heat of 6oo® contains, accord- 
s^^ing to Lavoifier, about 78 per cent, of lime and 
of water. If flacked lime be diflufed in 
mdre water it mixes uniformly with it by Ifir- 
ring, and forms a thick milky liquor, called by 
l8^e fni/k of limey but by repolc all the lime 
fafls to the bottom as a fine white fediment, 
except a fmall portion which the water dif- 
folves, forming lime^nvater . 

Lime-water, when it has been foma time at 
reft, is always beautifully clear and tranlparent. 
It has a very ftrong hot difagreeable tafte, and 
changes vegetable colours nearly as the alkalies. 
The a6fual quantity of lime contained in lime- 
water however is very fmall, not being more at 
the utmoft than about ynir of the folution, and 
often much lefs. WJien lime-water is expofed 
to the air a white brit tle pellicle prefently forms 
at the furface, which is the lime united with 
the carbonic acid, which It greedily attradfs 
from the atmolphcre, and has thereby become 
infolublo in the liquid. By degrees ihele pel- 
licles fall down, and others fuccced, till the 
whole of the lime has feparated and the water 
is rendered taftelefs. Carbonic acid pafled 
through lime-water makes it inftantly turbid 
by the feparatioii of the calcareous carbonat, 
but this is again diffolved, and the liquor' again 
made pcrfcdtly tranfparent by ufing an excefs 
-Gyf c^ii*bonic acid^ as already explained under the 
artifti- /r/f of lime. 

• - e lime has not yet been cryftallized arti- 
ficially. On account of its very fparing folu- 
bility in water, it will not cryftallize from the 
hot folution by cooling, like the watery folu- 
tioiis of barytes and ftrontian. 

Lime by itfelf will not fufe in a Icfs heat 
than that given by oxygen gas before the blow- 
p.pe, but it remarkably promotes the fufibility 
of all earthy ami faline compounds, and of 
metallic ox yds, as already explained, under the 
article Glass. 

Hence it is often employed as a cheap and 
ufeful flux in the rcdu£l:ioii of the refractory 
ores. 

The ufe of Jime as an eflTential ingredient in 
mortar and other cements has already been 
mentioned umler the articles Cements and 
Lutes and Cements (Calcareous). 

Lime has a very powerful cfTeCl: on vege- 
table and animal^ fubftances, but efpecially the 
latter, breaking down their texture, and reducing 
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them to a foft incohefiv ? pulp. It readily unites 
witli oils when any c.dc.nccus fait is added to 
foap, and tlie^while curdy jn.ifs thus produced 
confifts of the oil united v/iJi tlie lime into an 
iiifoluble compound. 

'I'he falts produced by the union of limo with 
the different acids will be mciiiioneJ u’lder 
thefe acids refpedlivcly. 

The li p: vation of lime from magnefia in 
nnalyiis is attended witli I’omc diinciiltv', and 
vavi».'us w ays have been propoled. 'Die com- 
nioneif, and that which is employed occ.iiioii- 
aily by Klaprotli, where by other experiments 
it is made evident that no other earth or metal 
is prelent , is to diflblvc both earths in fulphuric 
acid, and after evaporation to thorough drynefs, 
bring the mixture to a low red heat: tlic aflulion 
of cold water will then diirolve out the fulphat 
of magnefia with Icarccly any portion of fiii- 
phat of lime, after which the inagn<j*ri Calt 
may bo dccompoied by aiY '‘.I'l’iiiufine carbonat 
and fcparatcly eltimatcd according to its known 
proportiojis. 

Another way of eftlmating lime feparately 
is founded on the property which ammonia has 
(when quite cauftic) of precipitating all tlie 
other earths and the oxyil of iron from their 
acid lolutions ; by which rnetliod the lime alone 
will be left in folution. But if phofphat of lime 
isprefentthe ammonia will prccipirste it though 
it will not dccompole it, which therefore may 
lead to an error. 

Alfo if a mixture of lime and mrignefi.i, both 
perfedUy decarbonated, be boif'^l with a folu- 
tion of carbonat of potafh, the iiiiie alone will 
become carbonated and by then thoroughly 
wafliing the refidual earths, confifting of the 
carbonat of lime and the pure magnefia, and 
adding a ftrong acid, the carbonic acid will be 
difplaced from the carbonat of lime, and the 
quantity of lime may be thus eftiniatcd from 
the known proportions of this carbonat. 

^ Mr. iennant has adopted another method in 
his analyfis of the magnefian lime-ftonc. He 
diflblves both earths in muriatic acid, then dries 
the mixture and heats for a few minutes to 
rednefs, by which iVieans the muriatic acid is 
driven off from the magnefia but not from the 
lime. The quantity of magnefia is then efti- 
mated by the quantity of frefli muriatic acid 
required again to diflblvc it, whence by calcu- 
lations cafily made the rcfpeaivc quantities of 
the two earths may be inferred. 

. For the habitudes of lime when in foluticn 
along with alumincy fee that article. 

The order of the affinities of lime with the 
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refpe£live acids is as follows : the oxaliC) ful- 
phuric, tartariC} fuccinic, phofphoric, nitric^ 
muriatic, fluoric, arfenic, la£lic, citric, ben- 
zoic, fulphureous, acetic, boracic, carbonic, 
and pruflic acids. 

LIME Wafery Cream and Milk of. (See 
the preceding article.) 

LIMESTONE.- Knlhjletny Wern. Chau:e 
Carbonatee (in part), Hauy. 

This fpecies may be divided into the five fol- 
lowing families. 

I . Fam. Foliated. 

I. Suhfp. Calcareous fpar. Common SpaVy 
Kirw. KalhfpathyViQrn. Spaih calcaireyH^roch. 

Its principal colour is white, either grcyifti, 
greenifh, yellowilh, or rarely reddifli ; the 
other colours that it prefents are leek and olive 
green ; honey, ochre, wine, and wax yellow ; 
flefli-red, brownifh-red, and very rarely rofe- 
fmoke-grey pafling into black ; greenifh 
and yeiToWllii*g 7 v,y, and very rarely pearl-grey 
and light violet-blue. On the furface of the 
lighter coloured cryftallizcd varieties is often 
obforved a fegment of a circle of iridcfcent 
colours. It occurs maflive, in veins, diflemi- 
nated, in globular and kidncy-fliaped pieces, in 
drufes, and cryftallized. Its primitive figure 
is an obtule rhomboid, the alternate plane an- 
gles of which meafure ioi° 30' and 78° '30'. 
Befides this it ptefents a vart number of varieties 
of which the following arc fome of the more 
remarkable. 

1 . A very obtufe rhomboid, the plane angles 
of which meafure 1 14® and 66°. 

2. An acute rhomboid, the plane angles of 
which meafure 75I and io4f. 

3. A dodecahedron with fcalene triangular 
faces, compofed of two fix-fided pyramids, 
joined bafe to bafe, fo that the line reprefenting 
their common bafe forms three faliant and as 
many re-entering angles. 

4. An acute rhomboid, the plane angles of 
which meafure 45 and 1347'^. 

5. A ftill more acute rhomboid than the 
preceding, the plane angles of which meafure 
37^-° and 14 -i®-' 

6. An 2’cute, almoft cubic, rhomboid, tlic 
plane angles of which meafure 88® and 92°. 

7. The primitive form, the two fummits of 
whijh are intercepted by two triangular faces. 

8. 'Fhe fiimo as var. 2. with the edges com- 
pofing the two fummits, replaced by narrow 
pentagonal planes. 

9. The primitive form, with a ftrait fix-fided 

• Enimcrling, Brochant, 


prifm, interpofed between the two ; pyramids 
of which it may be confidered as compofed: 
hence all the faces are rhombs. 

10. The fame as var. 3. with each fummit 
intercepted by three rhombic faces, parallel to 
thofe of the primitive nuclcuf'. 

11. The primitive form with a ftrait prlfi^ 
interpofed between the two pyramids in fne 
diredion of the lateral folid angles of the 
rhomboid : hence all the faces are pentagons^ 

12. An acute-rhomboid compofed of the^- 

mitive form and that of var. The plane 
angles furrounding the two fiimmits arc equal 
to the acute ones of the primitive form ; all the 
other plane angles are thofe of var. 5. ^ 

13. A regular hcxahedral prifm. 

14. A rhomboid, approaching very nearly 
to a cube, with the two fummits replaced by 
triangular planes. 

15. The fame as var. 4. with the two fum- 
mits replaced by triangular planes. 

16. The fame as var. i. with a ftrait fix- 
fided prifm intervening between the two pyra- 
mids. 

17. The fame as var. i. with an intervening 
prifm in the dircdlion of the lateral folid angles. 

18. The preceding, in which the prifm is fo 
far fupprefled as to form only fix adjoining tri- 
angular fiices. 

19. The fame as var. 17. except that the 
long fidcs of the faces of the prifm, in (lead of 
being parallel, approach towards each other at 
that extremity which is terminated bv a fiinrl^ 
line. 

20. A dodecahedron like val> 

acute, each of the fummits of 
placed by a pyramid compofed c * 
ziums. i; 

21. The fame as var. 3. the ft: 

glcs of which are replaced by as many trape- 
zoidal or lengthened hexagonal faces. 

22. The fame as var. 4. but bevilled on the 
edges contiguous to the fummits. 

23. The fame as var. 21. with each of the 
fummits replaced by three rhombic faces pa- 
rallel to thofe of the primitive nucleus. 

24. The fame as var. 1 7. with the extremity 
of the terminal pyramid replaced by a horizon- 
tal equilateral triangular plane. 

25. A fix-fided prifm with dihedral fummits; 
the iidcs of the prifm are acute-angled triangles, 
the apexes of which are alternately dirc^ed 
towards each extremity. 

26. A dodecahedral prifm* 

Hauy, Kii'wao, Jamefon. 
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27. The fame as var. 3. except that the late- 
ral ujlld angles arc replaced by irregular penta- 
gonsj anti three of the alternate edges furround- 
ing each fummit are replaced by narrow paral- 
Iclipipeds. 

28. The lenticular calcareous fpar, which is 
a 'modification of var. ii. produced by the flat- 
tening of the lateral edges, into a Angle curved 

and the total or partial fupprefllon of the 
tejininal edges, whence refults a convex folid 
refembling a lens. 

The cryftals of calcareous fpar are varioufly 
aggregated and often deeply imbedded ; hence 
the rhomboidal cryftals, cfpecially the more 
acute ones prefent only trihedral pyramids, the 
three other faces that complete the rhomboid 
not appearing above the fubftance in which the 
fcryftals are engaged. The fize of the cryftals 
varies from yV of inch or lefs to 12 or 14 
inches in length ; the dodecahedron var. 3. 
affords generally the largeft cryftals. The late- 
ral planes of the cryftals are commonly fmooth 
and fplendent. 

The internal luftre varies from nearly fpecu- 
lar to gliftening, and is vitreous, inclining 
fometinies to pearly. Its fra£lure is ftrait and 
very rarely curved lamellar. It is eafily divifi- 
ble in three direflions, and the form of its 
fragments is always rhomboidal. When in 
mats, calcareous fpar occurs in large and coarfe- 
grained diftin6l concretions, allb in tellaccous, 
wedge-ftiaped, and diverging, prifinatic diftinfl 
^concretions. 

tranfna^ncy both of the maflive and 
»rrvft^\zea^ V is fubjc<ft to much varia- 

tion ; in general ^owever the cryftals are tranf- 
parent and fcini-tranfparent, and the others 
are femitranfparent and tranflucent. When 
tranfparent it poflefles a double refraflion in 
a remarkable degree. In hardnefs it ranks 
between gypfum and fluor fpar. It .is brittle, 
and very eafily frangible. Sp. gr. 2.69 — 
2.72. 

Certain varieties of calcareous fpar, efpccially 
thofe from Derby fti ire, become phofphorefcent 
when laid on a hot coal. 

Calcareous fpar diflbivcs with efFervcfcence 
jn almoft every acid, and by expofure to the 
blowpipe for fome time it is reduced to quick- 
lime. hjoft of the varieties contain a fmali 
variable proportion of iron, but the iccland fpar, 
which is pureft of all, confifts only of lime, 
carbonic acid, and water, in the following pro- 
portions;** 


Lime - - 55-5 

Carbonic acid - 44. 

Water - - - 0.5 

100.0 

Calcareous fpar occurs in veins in almoft. 
every kind of rock, from the oldclt granite, even 
to the alluvial ftrata. It accompanies a great 
variety of minerals, and is almoft the con (taut 
concomitant of galena. 

It is fo generally diftributed that a lift of 
localities would be ufelefs : the rareft and niofl: 
beautiful cryftals conic from Derby fliire and 
CumberJanH, in England ; from Saxony, France, 
Spain, and Iceland. The double refrafling 
Iceland fpar may be confidored as the pureft 
form of calcareous fpar 5 it appears in our cabi- 
nets in the form of rhomboidal prilms, but 
thefe arc produced by the lii'fge fio^ 

decahedral cryftals or var. 3. 

2. Pam^ Granularly foliated. 

2. Subfp, Statuary marble. Granular mar- 
ble. Primitive Limcftonc. Kormger Kalkjleln^ 
Wern. Pierre calcairc gri'fiui\ Broch. Cbaux 
carbofiatcc fdcchorohie^ II any. 

Its ufual colour is fnow-white, yehowifti, 
greyifli and greenifli white, rarely reddifh- 
white : it aUb occurs bluifli, greenifli, afli and 
fmokc grey, and greyifli-black ; from rcddifli- 
white it pafl'es into pcajrl-grey and fleflured, 
and from greenifli-whitc into ycllowifli and olive 
green. Its colour is generally uniform, but 
Ibmetimes it prefents clouds, fpots, or veins. 
It is always in mafs. Its luftre varies from 
fliining to glimmering, and is intermediate be- 
tween pearly and vitreous. Its fradlure is mi- 
nutely foliated paffing into fplintery. Its frag- 
ments are indeterminately blunt edged. It 
generally occurs in granular dillin£t concre- 
tions ; when thefe arc very fine the fra£ture 
approaches nearly to compaft. It is tranflu- 
ceht, and the lefs fo, as it is the more loaded 
with colouring matter. In hardnefs it is nearly 
equal to the preceding ; it is brittle and eafily 
frangible. Sp- gr. 2.7 to 2.8. 

In chemical chara^lers it agrees with calca- 
reous fpar. 

^ It occurs fometimes in mountain maftes, but 
-inore frequently in beds in mountains of gneifs, 
and argillaceous and micaceous fchiftus : when 
in gneifs the concretions are very diiiindl, but 
when it occurs in tranfition rocks the concre- 
tions are hardly vifible. It frequently contains 


^ Phillipi in Phil. Mag. xTv. p. 290. 

F f 
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Other fubllances difperfed through its fubllance, 
fuch as mica, hornblende, aftynolite, afbeft, 
quartz, ferpentine, galena, blende, iron pyrites, 
and magnetic iron-ftone. 

Tlic moll valuable variety of ftatuary marble 
is the fnow-whitc ; that of the ifle of Paros in 
the Archipelago has fupportcd undiniinilhed 
the high reputation which it appears firll to 
have cLriv^cd from the fculptors of Greece, al- 
molt all their fined works having been formed 
of this material. Next in edeem is the white 
inurble of Carrara in Italy, which is employed 
in moil of the finer works of mo<lern datuary. 
Of the coloured varieties of primitive limedone 
that of the illand of Tiree, on the wedern coaft 
of Scotland, deferves perhaps the highed place, 
its colour is a bright flefh-red, beautifully re- 
lieved by interfperied crydals of green horn- 
blende ; its frarture is almod fplintery, and it 
t 3 *’ftn high poJifh. 

3. Sulfp, Dolomite, (which fee.) 

3. Fam, Fibrous. 

4. Siihfju Satin fpar. Common fibrous lime^ 
fione^ Jamefon. Gemehter fiafriger haiyiein^ 

Worn. 

Its colour is greyifli, yellowifli, or reddifli 
white 5 it occurs in mafs. Its ludre is between 
fhining and gUdcning with a pearly or fatiny 
ludre. Its perpendicular fraclure is drait or 
waved parallel fibrous, the fibres are either fine 
or coarfc ; the crofs fradlure is compact fplin- 
tery. Its fragments are fplintery or flattened 
fibrous. It is tranflucent, and in thin pieces 
is fcmitranfparent. Its hardnefs is a little in- 
ferior to that of calcareous fpar, it is brittle, 
and cafily frangible, iip. gr. 2.7. 

In its chemical clunafters it rei'embles calca- 
reous fpar. Its coiiiiituent parts, according to 
Mr. Pepys,^’ arc 

Carbonic acid - 47-6 

- I^ime - - - 50.1 

Water and lofs - 2.3 


ico.o 


It occurs in drata from one to four inches 
thick, and is traverfed by veins of pyrites. 

'i'hc mod beautiful is found in Dcrbylliire : 
it is fufccptlble of a fine polifli, and is emph>y 4 
ed in inhiying, and in the manufacture of fin'J^ 
ornaments in imitjiiion of pearl. 

5. Stibfp, htalatlitc or fiiitcr. KalJfinter^ 
Wern. 

The colour of dala£lite is fnow-whitc, grey- 
ifli, greenilh, and yellowifli white; alfo wax 

« Phil. M35. 


and honey yellow and yellowifh-brown allc^ 
yellowifli, brownifli, or bluifli green, or moum- 
tain-green ; fometimes though rarely flefli or 
peach-bloflbm red. The colour is either uni- 
form or in dripes. 

It occurs mallive, reniform, botryoidah tan-^ 
bular, daladlite, and tuberous. Extexnall^^yit' 
is rough and often tirufy. Internally it h s a 
glimmering pearly ludre. Its fraclure is fibrou^ 
more or lefs divergent, often completely rel- 
ated. Its fragments arc indeterminately an^- 
lar, or wedge-fliaped. It generally occurs in 
curved lamellar didin£l concretions, parallel 
with the external furface. It is more or lefs- 
tranflucent palling into femitranfparerit. Its 
hardnefs is equal to that of calcareous fpar. It 
is brittle, and eafily frangible. 

It forms daladlites, and various rounded pro-- - 
je£lions in the caves and hollows that fo fre- 
quently occur in limedone. The Grotto of 
Antiparos, the Woodman*s Cave in the Hartz, 
Cadleton Cavern, and other caverns in Dcrby- 
fliire, Yorkfliire, See, afford abundant fpeci- 
mens of this mineral. Some caverns have been 
entirely filled by it, fo that it is occafionally 
obtained in large malles. In this date it is 
called oriental alabader, and is much employed 
by the datuary. 

That beautiful covalloidal fubdance, the flos 
ferri, is commonly ranked among the calca- 
reous dala£litcs. It has never been analyfed, 
but from its only occurring in veins of fpathofe 
iron ore, it probably contains a large proportion 
of carbonated iron., . ^ 

4. Fam. Compadl. ^ 

6. Subfp. Common limedone, ©c 
ilichter kal^eh?^ Wern. Put^e calcatre compare 
commune^ Broch. 

Its ufual colour is fome fliadc of grey, either 
yellowifli, bluifh, or fmoke-grey : from alli- 
grey it pafles into greyilh-black, from ycllowifli- 
grey into yellowifli-brown and ochre-yellow: 
it alfo fometimes, though rarely occurs blood- 
re<l and flefli-red, and greenifh-grey. Two or 
more colours often cxid in the fame piece in 
the form of veins, zones, bands, dripes, clouds, 
and dots : the furfaccs of the drata and of 
cafual rents are often covered w'^ith black or 
brown arborizations. It is ufually maflive, but 
alfo exhibits a variety of external fliapes. In- 
ternally it is dull, yet often contains fliining 
particles that appear to be crydailine lamina;. 
Its ufual fradlure is fine fplintery, but it pafles 
into flat concholdal, uneven, and earthy, fomc- 
times though rarely it is flaty. Its fragments^ 
xji. p ^67. 
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are in jeterminately angular, more or lefs Iharp- 
edged. It is tranflucent on the edges, mode- 
rately hard, brittle, and frangible. Sp. gr. 2.6 
■ —31 • 7 • 

It diffolves in acids with a vigorous effervef- 
ccncc, and when oxpofed to the blowpipe is 
conver|il4 quicklime. It is compoled of 
lime and carbonic acid, with a fmall and varia- 
proportion of.filex, alumine, the oxyds of 
i^jib^and manganefe, and inflammable matter. 

• Limellone fometimes, though rarely, occurs 
among the tranfition rocks, in which cafe it 
alternates with and refts upon.flate, and has a 
fplintery fradlure, and is for the moft part def- 
titute of the remains of organized bodies. 

But the principal repofitory for limellone is 
the clafs. of fecondary or floetz mountains. 
^Among thefe it always occurs in llrata, conili- 
tuting feveral diftinfl formations : the oldell of 
thefe* is that which refts upon the red fand- 
ftonc, and bituminous marl Hate. Some of 
the other formations are characterized by the 
fhclls with which they abound. Of thefe the 
leaft recent contain ammonites, belemnites, 
gryphites, and turbinites, while the moft mo- 
dern contain various prefent marine lliells and 
filh. Limeftone ranks among the metalliferous 
mountains : the ores which are depofited within 
it are galena and blende, more rarely fahlerz 
and malachite. It frequently alfo alternates 
with thin feams of hornftone or chert, as chalk 
does Avitii flint. 


mination of it ; and although the external dlf- 
tinClive charafters between the prefent fubfpe- 
cies and common compaCl: limellone have not 
hitherto been laid down by any author, yet 
the chemical . diflerenccs in the cornpontioii of 
the two clearly require their cUvifion into dif- 
tinCl fubfpccies. AVhen deprived by heat of its 
carbonic acid it is much longer in roabforbing 
it from the atmofpherc than common limellone 
is. Mortar made of the former and employed 
in the outfidc of a building, in the fpace of 
eight years, had recovered only 47 per cent, of 
the carbonic acid originally contained in the 
Hone, whereas mortar of common limeftone in 
a year and three quarters had regained 63 per 
cent, of its original amount of carbonic acid. 
The great length of time which this magnelian 
limellone continues cauftic is the caiife of a 
moll important dilFercnce between this and 
common limeftone with retard to 
ployment in agriculture : hme^’of the former 
defeription is technically called hot^ and when 
fpread upon land in the fame proportion as is 
generally praclifed with ihe latter, greatly im- 
pairs the fertility of the foil, and when ufed in 
a foinewhat larger quantity entirely prevents all 
vegetation, 'riie habitiules of the two fubfpe- 
cies, with regard to their folution in acids, are 
alfo different, in the fame manner as dolomite 
differs from granular marble, the magnefiaii 
limeftone being much more llowly foluble than 
the other. 


Limelloii^? -vhen unburnt is ufed for build- It occurs in llrata at Bredon-hill, near Derby j 
and pii'iyjg Hones, and when hard and at Matlock in the fame county. In ilie coun- 
to admit of poJilhing it is em- ties of Yorklliire and Nottinglninifnlrc it cx- 
"ptoy^l under the name of marble, in the more tends from near Workfop to the viciniiv of 
ornamental parts of architcdl:ure ; when de- Ferrybridge, a diftance of above thirty niilcs. 
piived of its carbonic acid, or in the Hate of It is alfo common in Northuinhc;Iand. '1 he 
quicklime, it forms the bafe of all the calcarc- Minfter and city w-alls of York, and AVeftmin- 
ous cf-MENTS, and is largely employed by the fter-hall in London, are built of it. It fome- 
fariher for manure, by the tanner, the foap- times though rarely contair.s Ihells, auvl appears 
boiler, the calico-printer, &c. and by the to reft upon fecondary lirttcilone. 
fnicltev to facilitate the reduction of the more According to Mr. 'I cnn.atit’ti an:i!)Tis it con— 
refra£lory ores. tains from 

The argillaceous limeftones have for the moft 20.3 to 22.5 MagiiL fia. 

part a tendency to a llaty fra£lurc, and pafs 29.5 — 31.7 i/n.. ?. 

into marl; their colour is principally bluifh- 47-" — Cnhonic ::cu!. 

grey or reddilli, and they are readily dccom- 0.8 — *1.2 f Clay and oxyd of iron, 

pofed by the atiion of the air; the mortar intr 5. Fam, Granular. 

which this variety of limeftone enters poffelh?^ . 8. Subfp, Roeftene. Roogefijleitiy AVern.. 

the quality of hardening under water, as is men- Oolite,^ Broch. 

tioned at large in the article Cf.mknt. Its colour is hair ami chcfnnt brown, or ye!-. 

7. Subfp. Magnelian Idmcltonc.** lowilli-brown, or alh-grey. It occurs in niafs 

This fubllance was confounded with common and is without luftro. It is compefed of fmall 
limellone till^Mr. Tennant undertook an exa- and' line-grained globular dillindt concretions 

^ TcniiAnt in Phil. Traof. . 
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hence its fraflure in the great is granular, but 
that of each dillindf concretion is fine fplintery. 
Its fragments arc indeterminately angular, 
blunt-cdged. It is opakc pafling into tranf- 
luccnt on the edges. It is confiderably fofter 
than common lliiKltone. It is brittle, and very 
eafily frangible. Sp. gr. 2.45 — 2.55. 

It occurs in beds intorpofeil between fand- 
ftone, common limcltonc, and gypfum. 

The Ketton-ftone of England belongs to this 
fubfpecies, as alfo does the Portland flonc. 
It is found all'o in Sweeden, SwilTcrland, and 
efpecially in the province of Thuringia, in Sax- 
ony, 

It is ufed for building, and as a manure, 
efpecially when broken down by expofure to 
the air : but is not burnt into quicklime on ac- 
count of the clay with which it is intimately 
mixed. 

It has obtained its prefent name from the 
‘many of its varieties bear to 
the roe of fifh ; indeed it was formerly igno- 
rantly fuppofed to be this very fubftance petri- 
fied. 

9- Subfp, Pcaftonc. Erhfenjlew^ Wern. 
Pierre de poisy or pifAitCy Brocli. 

It^ ufual colour is ycliowifh- white, whence 
it pafTes on onci hand to fnow- white, and on the 
other to light yellowifli-brown. It occurs in 
mafs, but when it forms the lining of cavities 
it is then reniform or botryoidah Internally it 
is dull : its fra 61 ure is diificuit to determine, 
but appears to be even : its fragments are in- 
determinately blunt-cdged. It is compofed of 
fphcroidal diftimSl concretions either coarfe or 
fmall, and thefc are again compofed of thin 
concentric curved lamell;e. It is opake, foft, 
and eafily frangible. 

It occurs in confiderablc mafles near the hot 
fprings of Carlfbad, in Bohemia, and appears 
to be a dcpofit from thefe fountains. 'Fhc cen- 
tre of each concretion is ufual ly a grain of fand, 
but fometimes a fmall cavity filled w'ith air. It 
is alfo faid to occur in Hungary, and at Perf- 
chc^lberg in Silefia. 

On Marble. 

In the language of the ftatuary and architeft 
all ftoncs come under the name of marble that 
are harder than gypfum, occur in confidcrable 
malTes, and are capable of a good polifli. 

Hence, not only many varieties of limellone, 
but alfo granite, porphyry, ferpentiiie, and even 
the fine-grained bafalts, are called marble. 
Among mineralogifls however the term is ufed 
in a more rcdri^cd fenfe, being confined to 
Aofe varieties of dolomite, fwineflone, and 


coAipafl: and granularly foliated limeftone that 
are capable of receiving a confidcrable polifli. 
Of thefc calcareous marbles the mod valuable 
for hardncls, durability, and coloqr, are pro- 
cured from Italy, from the Crock iflands, and 
from Syria : the ancient Romans, when at 
their height of civilized luxury, alfo obtained 
from Numidia and other didri£ts in Africa fomc 
highly-edccmed varieties of marble. ^ 

'Phe white granularly foliated limedone #Sra 
always been tlie favourite material of the fcul^- 
tors of ancient Greece and modern Europe, 
both on account of its pure colour, its delicate 
traiifluccnce, and its granular texture, which 
renders it much more eafy to work than com- 
pact limedone. Dolomite poflefles fimilar ad- 
vantages, and is fomewhat fofter and of a finer 
grain: fcveral of the fmaller works of the. 
Greek fciilptors are of this material. The two 
great fourccs whence the datuary marble of 
Europe has been procured are Paros and Car- 
rara. The Parian marble is the pured, confid- 
ing of hardly any thing clfe than carbonat of 
lime \ hence it is fofter, fomewhat more tran& 
parent, and of a more vifibly laminated tex- 
ture than that of Carrara, which is mingled, 
often in confidcrable proportion, with granular 
quartz. 

The mod edeemed of the archite£tural mar- 
bles are the following. 

1. A deep bluc-colourcd marble, called bar- 
diglio, from C.irrara, which appears to differ 
only in colour from the white itatuary marble 
of tlic fame place. 

2. Cipolin marble, winch is 
traverfed by veins of miosi. 

3. LumachelJc marble, which is a fecondary 
compaeft limellone of a grey or grcyilli-brown 
colour, holding ihcils that dill retain their 
pearly ludrc. The fire marble of Blcyberg, in 
Carinthia, is the mod valuable of this variety 5 
the bafe is a greyidi-brown compaft limdlone, 
in which are implanted fiiells of a fire colour 
and beautiful iridefient ludre. 

4. Florentine marble, which is a compa£k 
very argillaceous limedone, of a grey colour, 
wirn defigns of a yellowilh-brown reprefenting 
architectural ruins. 

^ 5. The' yellow marbles of Syria, Sienna, and 
Arragon. 

6. The green marbles known by the names 
of campan, verde antichc, verde di Corfica, 
&c. which are mixtures of grahuhu-Iy foliated 
limedone, calcareous fpar, and Terpentine, with 
threads of albedos. 

7. A very rich breccia, called brocatelli, con- 
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taming fmall fragments of yellow-red and pur- opened, and all the lime below the nextdefccnd- 
ple limcftone, cemented by fcmitranfparent ing ftratum of fuel is raked out : the remaining 
white calcareous fpar. ^ contents of the furnace fink down, and a frefli 

Of the marbles that the Britifli iflands pro- charge is laid on at top. 'rhc compadi lime- 
duce that of firee deferyes the iirll place ; and ftone, after having undergone this procefs, 
if its colours were not apt to fade, it might though much lighter and porous than before, 
^ rank among the moft beautiful even of Italy, ftill retains its figure unaltered, hence it is 
\ The counties of Devonfhire and Dcrbylhire alfo readily feparable from the allies of the fuel, and 
}>g>ffprd feveral varieties of confiderable beauty, is fullicicntly hard to be carried from place 
thoO-fh by no means to be compared with the to place witliout falling to pieces. For fome 
.moC? efteemed of Italy and Spain. further remarks on the diflerent varieties, fee 

On JLtmt^one, Cements calcareous. 

Although all the fpecies with their varieties LlNSEED-OlL. Sec Oils, fixed. 
that are doferibed in this article may, properly LIQUATION, or FJiquation. This procefs 
fpeaking, be called limellone, fince they confilt will be deferibed under the article Silver. 
almoft entirely of calcareous carbonat, and may LIQUOR OF FLIN I S, or Liquor JtUcum. 
by burning be brought to the ftale of quicklime. This term has been given to the folution of 
we fliall find in fa£l that the fubftaiiccs filex in a fixed alkali, and diiFolvcd in water, 
belonging to the family of compa^ limeftone See Silex. 

arc the only ones that are or that can be ad- LIQUOR OF lilBAVIUS. Sec Tin. 

vantageouily employed for this purpofc in the LIQUOR (Boyle^s fuming).-* 

large way. Sometimes calcareous fpar and, of Ammon a. 

more frequently, flatuary marble, are ufed in LITHARGE. See Lead. 

the laboratory for the purpofe of procuring a LFTHIC Acid^ or Uric Acid. See Urinary 

lime purer than ordinary for the purpofes of Calc ULi. 

chemiflry. But owing to the cryflalline texture LI THOMARGA. See Steinmark. 
of thefc fubftances, the laminte, of which they LITMUS or Archil. Orfeilley Tournefol^ Fr. 
are compofed, part from each other during the This beautiful but perilhablc dye is a violet 
volatilization of their carbonic acid, fo that by red pafte, prepared from a fpccies of lichen, 
the time wficii tlicy arc rendered thoroughly which grows abundantly in the Canary Iflands, 
cauftic their cohefion is deftroyod, and they are in the South of France, and in fome other parts, 
reduced nearly to the confiflcnce of fand, a Many other fpecies of lichen have alfo the pro-* 
circumftance which muft always prevent them perty of afTuniing a beautiful purple, when pre- 
from being ufed in kilns of the common con- pared in the fame manner as litmus. 

^roii. TV-.* limekiln at prefent almoft uni- Archil, by which name it is better known 
employed in this country is a cup- in commerce, is generally in the form of cakes 
fiiapcd concavity jn a folid mafs of mafonry, like anotta, which arc prepared largely in 
open at the top, and terminated at the bottom Holland, and in London, fur the ufe of the 
by a grate, immediately above which is an iron dyers. 

door that may be opened and clofed at pleafure. The Dutch procefs has long been concealed 
This fimple furnace is firfl charged with fuel as much as poflible, but it is known tp be 
(cither \^ood or coal, but more commonly the cfFoftcd by fermenting ihe mofs or lichen, ami 
latter), upon which is afterwards laid a Ilratum adding alkalies and urine. TIic following is 
about a foot thick of limefloiie, broken into given as the cxadl procefs.^ The lichen is firffc 
pieces not larger than the fifi: : to this fuccee<ls dried, cicanfed, apd reduced to powder in a 
a charge of fuel, and fo on alternately, keeping mill like the cll-niill. The powder is then 
the kiln always full. The pieces of limeftone thrown into a trough with oiie lialf its weight 
defeend towards the bottom of the kiln, in pro- of pcarl-afli, and moillcncd with a little human 
portion as the fuel is confumed, being in the urine, and allowed to ferment. This fermenta- 
mean time kept at a pretty full red heat. At tion is kept up for fome time by fucccflivc ad- 
this temperatuftj the water and carbonic acid ditions of urine till the colour of the materials 
are driven ofF, and by the time that the lime- clianges firfl to red and then to blue* 
ftone arrives at the bottom of the kiln, which When in this ftatc it is mixed with a third of 
happens in about 48 hours, it is rendered per- its weight of very good potafli, and fpread upon 
fcftlycauftic. The door above the grate is then deep wooden trays till dry. A quantity of 

■ Journ. du Commerce, or Nich. Jouro* 4to. vol. ii. p. 3x1. 
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:!ialk h adtl?d rt p.pparcntly with no other 
)hjecl tlia!i to inciv.iTe tlio weight. 

'rhcie arc iVvoral other kinds of mofs or 
icheii, which w lii a fill me by a fimilar prepa- 
ration tlio rich colour of the true archil, wdiich 
.s a criinfoii tending to violet, and have occa- 
rionally been employed fur the llaiie purpofes in 
dyeing. 

The colour of arcin! readily extracted by 
water or by alcohol, 'riic colour of the watery 
folution, or of any fubllanee dyed wdth it, foon 
fades by opofure to air, and hence it is ufed 
to give a glols or finiih to the deeper and more 
]'>crmancnt colours. It is much employed for 
this purpofo in ilio dyeing of filk, lluAs, and 
ribbons. 

All acids and falts with cxcefs of acid, fuch 
as alum or tartar, change the natural violet- 
purple of litmus to red ; and this change is 
fo re adily and perfectly with a very 
fmall degrc^CrfTicidity, as to render this colour 
a valuable teft to the chcmifl, to detedb the 
pre fence of uncombined acids. Even the car- 
bonic ticid in fo fmall a ‘proportion as tliat in 
w'hich it exifts in the breath (or about 5 or 6 
per cent, of the bulk of the air expired) may be 
made to change the colour of litmus infufion, 
if a little of it diluted fo that tlic purple-blue is 
fcarccly vifiblc, be fliakon in a phial containing 
air expdfed from the lungs. It is probable too 
on account of tlic carbonic acid from the atmo- 
fphere, thjt paper or any thing clfc tinged with 
litmus reddens before tne colour is altogether 
loll. 

When reddened by an aci<l, the blue is rc- 
ftored by an alkali, anti thus litmus may be 
made a tell both of acid and of alkali* 

Non*? of the known inonlants appear to have 
any oacc\ in rciulering the dye of archil lefs 
periihablc, except perhaps the folution of tin, 
hut this being always acid, alfo changes the 
colour, fo that the tine purple-blue is equally 
lolf. 

Marble foaked with litmus liquor imbibes it 
in fomc days, and becomes beautifully tinged 
in tills method, and the colour will remain for 
a confidcrable time unimpaired. 

LIVER OE ANTIMONY. See Anti- 
mony. 

LIVER OF ARSENIC. See Arsenic. 
LIVER OF SULPHUR. See Sulphuret. 

UXlVllJM. This terra fignifics nearly the 
fame as 1 : v. 

LOADSTONE. See Iron (Ores cf), 
LOGWOOD, or CajvIpeachv Wood. BoU 
tT hidiy Fr. 


' The tree that furni flies this wood (the Ha- 
viato^iylum Carnpcchuinutn J grows to a very large 
frze in various parts of the Weft-lndles, and 
efpccially on the Day of Campoachy and aloiig 
the American continent, and is imported largely 
into this country from Jamaica for the \ife of 
the dyer. It ufually comes over in moderate 5 
fized logs, of a very dark violet-brown colour^J/ 
very hard and. heavy, ileforc it is ufed 
broken down or rafped in powerful miils^nto 
fine chips. 

The talle of logw^ood is mildly and agreeably 
aftringent, and when long chewed it leaves a 
pleafant fweetnefs in the mouth. Both water 
and alcohol take up a confidcrable part of the 
folublc portion of the wood (alcohol much 
more than water), and thereby become tinged, 
of a deep purple-rcd or brown. 

Acids added to the watery deco£lion turn it 
yellow, but alkalies give a very deep purple co- 
lour, but without forming any precipitate. 

Alum added to the deco6lion of logwood 
caufes a vioVt precipitate or /ake, and the fu- 
pernatant liquor alfo remains violet, and gives 
a frcfli portion of lake on the affufion of an 
alkali. 

The falts of iron give an inky black with all 
the folutions of logwood, under the fame cir- 
cumllances as with galls, as explained under 
the article /ro//, W'hence the prefence of gallic 
acid in logwood is proved . 

The folutions of tin fo* very fine violet 
or plumb colour lake with 
wood,' and totally precipit 
ter, fo that the fuperiiat;; • . * . 
and colourlefs. 

Logwood is ufed in dyeiuj^, 
own natural purple (wdth fevcral liia<lev> 
variations according to the mordant ufcrl ) or to 
heighten and improve the common black wdtli 
iron and galls. It is found in this latter me- 
thod to give a peculiar glofs and lullre which 
renders it a very valuable dyeing material. 

LUNA CORNEA is that white curdy pre- 
cipitate of muriat of filver which takes place 
when the nit rat, acetat, or any other foluble 
fait of filver comes in conta£l witli muriatic 
acid, cither fingle or in any folublc combina- 
tion. See Silver. 

LUNAR CAUSTIC is nitrat of filver eva- , 
porated to drynefs, melted in a heat juft below 
rednefs, and immediately poured into moulds, 
by wliich it is reduced to hard black cylinders, 
about the fize of common fiate-pcncils. 

In this Hate it is in frequetit nfe in furgery 
as one of the beft cauftics hitherto known for * 
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moft purpofes. It difiers from the cryftalllzed nvatery and eoafulabk lymph. . The former (of 
nitrat in having loft both its water of cryftal- which the tears are an example) is little elfe than 
lization and alfo a fmall portion of the acid. water holding in folution a very minute portion 
lute. See the article Cements and Lutes, of fait, and ftill lefs of animal matter. Coagulablo 
LYMPH. This is generally underftood to lymph, which is often found in great^^uantity 
be a clear liquid, tranfparent and colourlcfs as and perfedion in eneyfted dropfy, contains alfo a 
water, which is found abundantly, but with very conliderable portion of albumen fo as to be 
feveral modifications, in various parts of the vifeid to the touch, and when heated to coagulate 
ja ^imnl body. It is particularly diftinguifhed into firmly like the white of egg. 

M 


MACERATION means nearly the fame as 
Infufion. 

MACLE. Cliiaflolithj Karjlen, Made ba- 
faltiqiiCj Hauy. 

This mineral is compofed of two diftinA 
fubftanqes, one of which is of a yellowifti- 
white or dirty grey colour, the other is greyifh- 
black palling to bluifh-black. It occurs cryf- 
Callized in the form of quadrilateral and 
nearly rectangular prifms. The fummit of 
thefe prifms is always truncated, which gives 
an opportunity of oblerving the regular fymme- 
trical difpolition of the two fubftances of which 
it is conmofed. The white part forms the ex- 
terior or the prifm, within which is a dark- 
coloured prifm, exadtly parallel to that by 
which it is inclofed. From each of the angles 
of the interior prifm there proceeds a black 
line or thread bife£ting the correfponding 
angle of the white prifm; fometimes alfo at the 
extremity of thefe lines, and confequently ad- 
joining tne four angles of the exterior prifm, 
ar^fq;jm[ied as /ri^.ny very thin black prifms: the 
black part is ufually the moil abundant. The 
cryftals arc fmall ^r middlc-lized, much 'elon- 
gated, and always imbedded. The white part 
is externally glillening; internally poiTeiles a 
flight greafy luftre; the black part is at moil 
(lightly glimmering. The frafture of the white 
part is lamellar, often imperfe£Uy fo, in two 
dire£lions parallel to the faces of the prifm. 
That of the black part is earthy. Both the one 
and tlie other are fomewhat unfluous to the 
touch. It gives a white powder ; is foft, pair- 
ing to moderately hard, and not very brittle. 
Sp. gr. 2.94. 

On expofure to the blowpipe the white part 
of the made gives a white fcoria, and the black 
part a black pafs. 

The mpft perfeft f^ecimens occur in France, 
near St. Brieux in Brittany, imbedded in argil- 
laceous fchiftus. It is alfo found near Bareges 
,n the PyrenneeSj alfo imbedded in primitive 

• Sacjcl Art. Carance. 


argillaceous fchiftus : fpecimens are alfo to be 
met with at San Jago of Compoftella. 
MADDER. La Garance, Fr. ■ 

The plant which furnilhes this moft valuable 
material in the art of dyeing (JRuHa Tinctoruwy 
Linn.) grows wild in moft parts of the South of 
Europe, and in many parts of the Levant, and 
is cultivated very largely in the more northern 
counties, particularly in Holland, in the pror 
vince of Zeeland, which has Kong been cele* 
brated for producing this article in very great 
perfeftion. The madder plant grows to about 
three feet in height, and has a large long 
fpreading fibrous root of a very deep red colour, 
which is the part ufed in dyeing. 

The Levantine madder (calledLiz^rf ox jizala) 
has fomewhat of a higher and finer colour than 
the Dutch, but the latter is prepared with more 
care in the fubfequent drying and forting. 

The madder roots as foon as they are ga- 
thered are thus prepared in Holland. They 
are firft put under a (hed, or granary, or other 
fheltercd place, where they remain in a free 
current of air for ten or twelve days till they 
are quite pliable, and till on fqueezing them no 

t 'uicc can be prefled out. The drying is then 
laftened by removing them either into a com- 
mon oven where the heat is flack, when the 
quantity of madder is but fmall, or elfe into 
large ftoved rooms built for the purpofe, and 
heated with turf, with a large opening for the 
free exit of all the vapours within. Much care 
and very nice manipulation feems requifite to 
perform this procefs in its utmoft perfedJion. 
w’hcn die roots are quite hard and brittle they 
arc laid on a threfbing floor and fliglitly beaten 
with the flail to feparate the dirt and outer thin 
fkin, after which they arc ground in a mill and 
die powder lifted, forted, and packed carefully 
in large barrels, in which ftate it is exported, 
and ufed by the dyers. 

The method pra£lifcd in Turkey and Fcrfia 
to prepare the madder ufed in tne beautiful 
Dia. d*Hiaoire Naturelle. 
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Adrianoplo red (defcribed under the article The alkaline carbonats added to this fupern»* 
Dyeing), is dated by Althen, an cye-witnefs to tant liquor give a blood-red lake, mifcible with 
be the following : for every hundred weight of oils, but far didant from the beauty of tlie co- 

the frefh root a deeping liquor is prepared of chineal lake. If an excefs of alkali is ufed the 

two pounds of bran, and one pound of honey precipitate is rediilblved, and the liquor be- 
and alum in four gallons of water. The roots comes red. Soda docs not give fo ^fine a 

well waftied and cleaned are then foaked with colour as potafli. Lime precipitates a dull 

this liquor for two or three days, after which brown-red lake, without beauty, 
they arc dried firft under cover, and laftly in The acids added to all madder infuiions tur^ 
the fun. They arc then ground and lifted, the it yellow, but form no precipitate. The natu>- 
powder the lafl produced in the mill being of ral colour is again reftored by alkalies. 
the belt quality. Carbonat of magnelia added to the water in 

Good madder has a (Irong fmell, fomewhat which madder is infufed turns it of a clear 
refcmbling liquorice root. The pow’der fhould blood-rcd colour, which, however, wheii fpreact 
feel fomewhat greafy, and clot together under upon paper, becomes yellow by the fun*s rays, 
the fingers, not dry and harlh. The root con- Different metallic folutions produce the fol- 
fifts vifibly of three parts. The firft is an cx- lowing effefls : acetite of lead added to the 
ternal thin cuticle or (kin which is of no ufe, infufion of madder in water gives a brownifti- 
and is rubbed off along with the adhering dirt red precipitate : nitrat of mercury a purple 
by the flail. This (hews a thicker bark or cor- brown : fulphat of iron a beautiful clear 
^ica l part, and within is the woody portion, brown : and fulphat of manganefe alfo a pur- 
Both of thefe Sr^ of a high red, but particularly plifh brown. The folutious of tin, as Berthol- 
the bark, and both are intermixed with many let obferves, produce a lake void of brilliance or 
yellow or fawn coloured particles, which obvi- beauty, owing, as this chemift conjeftures, to 
oufly injure the fine red colour, but no means the precipitation of the yellow as well as the 
have yet been found of feparating them in the red particles of madder, fo that this metal 
root, and they are undiftinguiftiably mixed in which is of fo much ufc in heightening the 
the grinding r When the colour is extrafted beauty of cochineal can hardly be ufed withi 
in the dyeing vat the red part is found to be folu- any advantage for madder, 
ble to a much Icfs extent in water tlian the yel- An improvement in the method of extrafting 
low, and alfo is Icfs readily extradled, and hence the red of madder for lakes has been publiflied 
the beauty of the red is injured by long boiling by Sir II. Englefield, for which the gold 
or by ufing too large a quantity of the root. medal of the Society for the Encouragement of 
Madder in the ftate ufed by the dyers is an Arts was given to the inventor.® It is founded 
©range-brown powder, which is very liable to on the difeovery that the red colouring is 

grow' damp,and fpoil by keeping in a moift place, fcarcely foluble in cold water, but in tno-com- 
III addition to what has already been mentioned mon method of extradlion is nhiefly fufpended 
on the ufe of this fubftance in dyeing, (See by means of the mucilage of the root. The 
P^o/. i. p. 3/8) the following experiments by Mr. principal procefs is the following. Inclofe two 
Watt may be mentioned, as giving fomc infor- ounces (troy weight) of the fineft Dutch mad- 
madon as to its chemical properties.** dcr, known in commerce by the name of 

The beft Zealand madder feledl:ed for this madder ^ in a bag capable of containing three or 
purpofe was of an orange-brown colour, and in four times that quantity made of ftrong and. 
moderately fine powder. With water it gave fine calico. Put it into a large marble mortar,, 
an. orange-red infufion, by maceration either and pour on it a pint of foft river water, prelP- 
with or without heat, but in the latter cafe the ing the bag in every direftion, and rubbing it 
‘colour was finer. By flow evaporation of the as much as. may be without danger of burfting. 
infufion or decodlion in a fiiallow veffel a pel- The water will foon become quite opakc, and 
licle gradually forms and finks to the bottom, loaded with colouring matter. Pour off the 
and is replaced by others fucceflively. The water, and add another frefh pint of water, tri- 
extract when nearly dry is of a dingy-brown, turating it with the madder as before, and ■ 
and is only in part again foluble in water. repeat the operation till the water, the laft 

Alum added to the infufion gives a precipi- added, epmes off but llightly tinged. About 
fate of a very deep brown-red, and the fuperna- five pints will be required to exhauft the colbi^, 
tant liquor aflumes a brownifti-yellow tinge.. after which the root if taken out and dried will 

^ BcnhoUct £lcm. de Tciature, Vol.ii. * TranikA. of the Society, &c. Vol. xxU* p. J41. 
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be found to have loft -H* of its XVeight, and with 
it its peculiar fmell^ and the colour will be a 
light nankeen or cinnamon. 

The water loaded yrith the colouring matter 
tnuft then be put into an earthen or well tinned 
'copper veflel (not iron) and heated till it juft 
boils. Then pour it into a large bafon» and 
add an ounce of alum diflblved in a pint of hot 
'foft water^ ftirring the mixture carefully. Then 
add about ounce of a faturated folution of 
carbonat of potaih, which will excite an imme- 
diate effervefcence, and a fubfequent precipi- 
tation of a coloured lake. After ftanding till 
• cold the lake is to be colleded, well waftied 
with repeated quantities of warm water and 
gently dried. It will be then found to weigh 
about half an ounce, or a fourth part of the 
madder employed. 

The above madder lake, which is very beau- 
tiful, is found by analyfis to confift of more 
than per cent, of alumine. The reft is the 
colouring matter of the madder. 

If the alum folution and the madder infulion, 
alone without the alkali, be fufFered to (land 
for a while a dull- red lake will equally precipi- 
tate, and the clear liquor will afterwards yield 
a beautiful ooze-red lake by alkali,- but want- 
ing fufheient body of colour. 

A lake equally good with the firft mentioned, 
but of a lighter colour, will be afforded by pre- 
vioufly allowing the madder and cold water to 
Hand for a few days in a moderately warm 
place, whereby a flight fermentation will be 
induced, and a portion of the mucilage of tlie 
root deftroyed. The procefs is then to be con- 
tinued as before. 

The fame ingenious experiments alfo fuc- 
ceeded very pcrle£lly in obtaining a ftill more 
beautiful and equally durable lake, from the 
frcfli madder root imported from Holland, 
packed up in mofs. 

MADREPORSTEIN. Madreporite, Hauy. 

Its colour is grcyifli-black, or cfli-grey. It 
occurs in rounded maffes from twenty to thirty 
pounds weight. It is compofed of cylindrical 
prifmatic diftin6f concretions, either parallel or 
in diverging bundles. The furfacc of thefe 
concretions is dull; their crofs frafture pre- 
fents a concavity or convexity of a fliining 
black, of which tne luftre varies from greafy to 
(ilky : the longitudinal fra£lure is radiated and 
dull. It is opake, moderately hard, pafling to 
foft, eaflly frangible. It gives a grey powder. 

It diflblves with effervefcence in nitric acid, 
and contains, according po an analyCs by M. 
Schroll, ^ 


63 Carbonated lime 

10 Alumine 
13 Silex 

1 1 Oxyd of iroii 
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This mineral wa9 found by the Baron Moll 
in the valley of RUfbach, in Saltzburg, |n de- 
tached maffes. It feems nearly akin to thd 
moft recent fecondary limeftone. ItSvname is 
derived from the refemblance in the dilpofitioa 
of the prifms of which it is compofed to thofe 
of certain lithophytes. Some naturalifts have 
fuppofed it to be a real petrifa£lion, but appsf- 
rently without much reafon,. as its intrensl 
ftru£l:urc is wholly different from that of the 
acknowledged pctrifa6lions of this clafs. 

AGISTER Y. This term appears to have 
been formerly nearly fynonimous with Preclpi-- 
tate^ but it is now almoit difufed, except iu one 
or two combinations, fuch as 

Magi/lery of Bifmuthy which is the white 
oxyd of this metal precipitated from the nitrous 
folution by the addition of water. 

Mafijlery of Sulphur^ which is fulphur preci- 
pitated from its alkaline folution by an acid. 

MAGNESIA NIGRA or MANGANESE, 
which fee. 

MAGNESIA ALBA, the earth Ma^nefa. 
Magnfie Fr. Bitterfalzerde^ Germ. 

This earth is procured pure, either by adding 
potafh or foda to any acid folution of magnelia, 
or, more readily, by calcining the dry carbonat 
of magnefia in a full red heat for about half an- 
hour till it gives no effervefcence with acids. 

The metliod of procuring the Carbonat of 
Magncfta has been defetibed under that article. 
The common carbonat lofcs by complete calci- 
nation about 55 per cent, of its weight, of 
which about 34 parts are carbonic acid and 21 
are water. It llirinks by the procefs to a very 
fmall part of its original bulk. 

Pure magnefla is a light earth of a pure and 
perfedT; wliitciiefs, and abfolutcly infipid, though 
as commonly prepared it containrj a fmall por- 
tion of lime, to wliich it owes the (lightly acrid 
tafte which it pofl'irffes. It does not give out any 
heat with water, as lime does, nov is it fen- 
fibly diflblved therein. When expofed to the air 
it not Jlach or regain the carbonic acid 

which It had loft by calcination, in which re- 
fpedl: alfo it remarkably differs from lime. It 
6 2 
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jreadily changes the blue, of violets to mens as 
the alkalies do^ and ^ence magnefia has been 
reckoned to be one of the alkaline earths. When 
ftrongly heated it becomes phofphorefcent. 

Magnefia readily unites wim fulphur^ but 
more feebly than the other alkaline earths. 
This combination, when diflblvcd in water, 
forms a yellow liquor the hydrofulphuret of mag^ 
mfta. (See the Article Sulphuret^ 

All tne acids difTolve magnefia, forming falts 
moftly very bitter and deliquefeent, and very folu- 
ble in water. The fixed alkalies decompofe thefe 
falts totally, but ammonia only partially fepa- 
rates the earth, forming wkh the remainder a 
triple foluble fait compofed of ammonia, mag- 
nefia, and the acid which held it in folution. 

The (eparation of magnefia from alumine in 
chemical analyfis is attended with fome peculiar 
difficulties, deferibed under the article AIu^ 
mine. They appear to depend on a ftrong 
affinity between thefe earths, which modifies 
and alters the*ufual modes in which they 
are a£ted on by the different chemical agents 
when feparate. 

Magnefia is pcrfeflly infufible by itfelf, the 
heat even of oxygen gas from the blow-pipe 
only producing a flight induration. In eartny 
compounds magnefia appears to have very little 
effe^ in promoting fufion as the other alkaline 
earths have, but rather the contrary, fo that the 
magnefian earths are found a valuable ingredient 
in me compofition of the fincfl porcelain, which 
will bear a mofl intenfe heat without adlual 
fufion. 

The combinations of magnefia with the dif- 
ferent acids will be found under the refpeftive 
acids. 

The affinities of magnefia are in the follow- 
ing order, the oxalic, phofphoric, fulphuric, 
fluoric, arfenic, nitric, muriatic, tartaric, citric, 
laflic, benzoic, acetic, boracic, fulphureous, 
carbonic, and pruflic acids. 

MAGNESIA NATIVE. Naturlichc Tal- 
kerde, Wet^. Magnefie native, Broch. 

Its colour is yellowifh-grey, with fpots and 
dendritic delineations of blackifh-brown. It 
occurs in mafs, tuberous or carious. Internally 
it is dull: Its fradiure in the great is rather 
large and flat conchoidal, in the fmall it is 
fplintcry. Its fragments are indeterminate 
fliarp-cdged. It is opake, foft, and eafy fran- 
gible. It is fome what und^uous to the touch, 
adheres a little to the tongue, and. is moderately 
heavy. 

According to an analyfis by Dr. Mitchel and 
Prof. Lampadius it con fills of. 


51 Carbonic acid 
47.4 Magnefia 

A trace of iron 


It has hitherto been found only at Haub- 
fehiitz in Moravia, where it occurs in Terpen- 
tine, accompanied by Meerfehaum. 

MAGNESIA OPALINA is a preparation of 
Antimont. (See this Article, p. 87.) 

MAGNESIA VITRIOLATA. See SuL^ 

PHAT of Magnefia. 

MALACHITE. See Copper (Ores of.) 

MALACOLITE. Malacolith, JVern. Sah<p 
lite, IfAndrada. 

Its colour is greyifh-green, paffing to palc' 
leek green. It occurs in mafs ; alfo cryftallized 
in fix-fided prifms, with truncatures^ on two 
oppofitc edges. It is flightly gliflening with a 
waxy luflre. Its longitudinal fra£lure is lamel- 
lar in three dire£lions. It is tranflucent on the 
edges, fcratches glafs with difficulty, and is very 
fon to the touch, (whence its name.) Sp. 
gr. 

Before the blow-pipe, according to Lelievre, 
it is fufible into a fpungy glafs, but according 
to D’Andrada, it is infufible. It has been ana- 
lyfed by Vauquelin, and appears to contain 
53 Siiex 
20 Lime 
19 Magnefia 

3 Alumine 

4 Oxyds o£iron and manganefe. 
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This mineral was fifft met%dth in Sweden, 
in the filver-mines of Sahla in Weftermanland; 
it has fince been found at Buoen, near Auen in 
Norway. There appears to be a ftrong. ana- 
logy in many refpefbs between malacolitc and 
augke. 

MALIC ACID*, or Add tf Apples. Apfel- 
faure,. Germ. 

This acid was firft difeovered by Scheele, in 
the juice of unripe apples, who gave it thence 
the name of Malic Acid or Acid of Apples. In 
this fruit it is mixed with mucilage and many 
other fubftances, from which it is feparablc by 
the following method indicated by this illuftri- 
oiis chemift. Bruife the fruit in a mortar and 
fqueeze out the juice \ ilrain it through a cloth^ 
faturate it with potalh, and pour into the liquor 
a folution of acetited lead. A white infoluble 
fait, the malat of lead, falls down which muft 
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he coIle£):ed and wafhed with cold water. 
Then add ,to it fufficient dilute fulphuric acid^ 
to diiplace the malic from the oxyd of lead; 
infoluole fulphat of lead will be left at the 
bottom, and the fupernatant liquor will be the 
pure malic acid in a liquid ftate, which is the 
only ftate in which it can be exhibited, as it is 
uncry ftalliz able, and cannot be evaporated to 
drynefs without decompoiition. The precife 
quantity of fulphuric acid neceflary to be added 
may be afeertained in the following manner: 
continue to pour in this acid by degrees, and 
with frequent ftirring, till the liquor lofes the 
fweet tafle of lead, and is purely acid : and on 
the other hand to detect any excefs of fulphuric 
acid add a few drops of acetited lead to a 
drop or two of the liquid, which will form a 
precipitate in any cafe, but if fulphuric acid bc' 
prefent the precipitate will not rediflblve in 
dilute nitric acid, though it will eafily diflblvc 
if only malic acid be contained in it. 

Malic acid has alfo been found by Vauque- 
lin to be abundantly contained in the native 
juices of feveraLfucculent vegetables, partly un- 
combined, but chiefly united with lime, and the 
malat of lime is held in folution by an excefs 
of its own acid, this calcareous fait being 
readily foluble in molt acids that do not dc- 
compofe it, though without this, it remains but 
little foluble in water. 

The indications by which this fait is detefled 
in vegetable juices are fo accurately given by 
Vauquelin that we fliall here infert them.** 
Thefe juices are always fenfibly acidulous fo as 
to redden litmus paper : they give a copious 
precipitate by the carbonated or pure alkalies, 
and by oxalat qf ammonia : fulphuric acid 
when added forms an immediate depofit of ful- 
phat of lime : lime-water alfo gives a precipi- 
tate, by neutralizing the excefs of malic acid; 
hence not only the newly formed malat of lime 
is depofited, but alfo the portion which in the 
natural juice was held in folution by excefs of 
acid: lailly acetited lead gives an abundant light 
flocculent precipitate, which is eafily rediflblved 
by acetous acid. This folubility of the malat 
of lead, iti a weak acid, fo much exceeds that 
of the fulphat, or even muriat of this metal 
(which are, rigoroufly fpeaking, fomewhat fo- 
luble in acetous acid; that this teft will eafily 
didingiiilli the malic fait. There is more diffi-i 
culty in drawing any fatisfaftory inference from i 
it when certain other vegetable acids arc pre- 
fent, fuch as the citric, tartareous, and' oxalic 
acids, all of which, as well as the malic acid. 


form a copious precipitate with acetite of lead, • 
which precipitate is again foluble by any weak 
acid, nor does there appear any very fatisfa6loi^ 
way of immediately deciding which of thele 
vegetable acids is prefent, except that the malat 
of lead is much more readily foluble, and be- 
fides is light and flocculent, whereas the other 
falts of this metal are heavy, and curdled in 
appearance. When each acid is left naked 
after decompofition of the faturnine fait by ful- 
phuric acid, the malic acid is then dillinguifli- 
able from the above-mentioned vegetable acids 
by remaining entirely uncryflallizaDlc. 

Another ufeful teft of the prefence of malat 
of lime in native vegetable juices, is furniflicd 
by the addition of alcohol, which, when this 
fait is prefent, feparates it in the form of a 
white homogeneous foft magma, refembling a- 
thick foup. When thefe juices are evaporated 
to drynefs, they leave a yellow glofly matter 
like gum arabic, which affords a large quantity 
of carbonat of lime by incineration. 

The malic acid is often found mixed with 
other acids, particularly the citric, in the four 
juices of fruits. To feparate them, Scheelc 
evaporates the juice to the confiftence of honey, 
and adds alcohol, which difiblves the two acids, 
and leaves a great quantity of gummy mucilage. 
The alcoholic folution is then evaporated to 
drive off the fpirit, and the remaining liquor 
nearly faturated with chalk, which forms both 
a malat and a citrat of lime, the latter of which 
by further evaporation is almofl entirely depo- 
fited, whilft the former remains moflly in the 
clear liquor. The liquor is then mixed with 
alcohol (which will not take up the malat of 
lime, though it difiblves the pure acid), whereby 
the calcareous malat is feparated in the ftate of 
a white flocculent mafs from a fugary matter, . 
which the alcohol difiblves; and the malat of. 
lime, now pure, is decompofed by acetited lead, , 
and malat of lead is produced, whence tlic malic . 
acid is obtained feparate by means of the dilute 
fulphuric in the way already mentioned. 

The malic acid, befides being found native, , 
is alfo produced during, the adion of nitric acid 
on fugar, in the way deferibed under the article 
Oxalic Acid, which latter alfo is obtained in • 
the procefs^ The oxalic acid is cryftalHzablc, and 
may be thus moftly feparatcif. The liquid refi- 
due- is malic add mixed with any nitric acid • 
wiiich may have cfcaped decompofition. A 
further treatment with frcfli nitric acid pro- - 
duces a frefh crop of cryftals of oxalic acid, . 
whence it is probably that the malic acid is the. 


• An. de Chin. tom. xxxiv. Sc xxxv. 
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firft produfb of fugar when ad;cd on by 
nitric acid^ and diilers from the oxalic either 
in being lefs oxygenated, or perhaps from 
being combined with a quantity of fugar yet 
unaltered, to which its uncryilallizable nature 
may be owing. 

The malic acid, in this cafe, may be feparated 
with tolerable accuracy from the oxalic and nitric 
in the following way : add lime-water as long as 
any precipitate takes place, which will be chiefly 
oxalat of lime, and thus nearly all the oxalic 
acid will be feparated ; then faturate the clear 
hquor with chalk, which will therefore produce 
the nitrat and malat of lime: add alcohol, which 
will diflblve the nitrat of lime and a faccharine 
matter exifting in the liquor, and the malat of 
lime remaining may then be further treated 
with acetited lead and fulphuric acid, as above 
deferibed. 

Or if the mother-liquor remaining after the 
oxalic acid has firfl been feparated by cryftalliza- 
tion be expofed to a moderate froft, the watery 
part alone will congeal, after which an intenfe 
artificial cold of about 7® will caufe the malic acid 
to cryflallize,® arid thefe cryilals being picked 
out and fet to drain will foon again liquefy as 
the temperature riles, and the liquor will be 
malic acid in very great purity. 

'The pure malic acid has been but little exa- 
mined. It is uncry llallizable except in intenfe 
cold as juft mentioned, but when llowly dried 
it forms a fort of glutinous varnifli on the veflcl 
that contains it. It cannot be kept for any 
length of time, as it foon ferments, and new 
produdls, chiefly acetous and carbonic acids, arc 
generated. 

The combinations of this acid with the alka- 
line earthy and metallic bafes, or the malatSj 
have been fcarcely examined, except the malats 
of lime, and of lead, which are fo nearly con- 
cerned in the extradlion and analyfls of this 
acid. Of the properties of thefe falts nothing 
more need be added to what lias been already 
mentioned. The malic acid precipitates the 
Xiitrats of mercury, lead, and filver,^' in which 
it differs from the citric acid. The malic acid 
forms with magnefia a very deliquefcent fait 
readily folublc in alcohol, whereas with alumine 
it gives a fait almoll infoluhle in water or alco- 
hol, and Mr. Chenevix has therefore fuggefted 
the ufe of this acid to perform the very difficult 
operation of fisparating thefe two eartns. (See 
Alumine.) 

; The malic acid is not applied to eny ufe. 
MALTHA. See Bitumen, 
MANDELSTEIN. See Trap. 

* Orif. CgquBiuiic. ^ Fourcro/. * Emmerling, Hiuy, 


MANGANESE. Manganyii^ Ff. Stauff* 

Germ. Alanganejium. Magttejta nigra* 

Mangancfc is a metal of an iron-grey colour^ 
brittle, and eafily oxydable on expofure to the 
air. When in the ilate of black oxyd it com- 
municates to borax a red tinge, whidh.is de- 
ftroyed by tlic internal blue flame of the blow- 
pipe, but is rellored by the external flame or the 
addition of 'nitre. 

§. I. Ores of Manganefe*^ 

Sp* I. Grey Manganefe. 

Of this there are reckoned the four following 
fubfpecics. 

I. Subfp. Radiated grey manganefe. Strain 
iiges grau hraunfleinerx^ Wern. Manganefo 
gris rayonncy Broch. 

Its colour is fteel-grey palTing to iron-black* 
It occurs in mafs, difleminated, or cryftallized 
in rhomboidal prifms, the alternate angles of 
which are about 100® and 80®, which prifms 
are again diviffble in the direftion of the fliort 
diagonal of the bafes. Sometimes the prifm 
is terminated by dihedral or tetrahedral fum- 
mits, or the fides of the prifm itfelf are trunc- 
ated or bevilJed. 

This mineral alfo occurs in the form of acicu- 
lar cryftals, either diverging, radiated, or inter- 
laced. The furfacc of the cryftals is longi- 
tudinally ftreaked and bright fliining. Inter- 
nally it is gliftening or llrining with a metallic 
luftre. Its frafture is ftrait and ufually fine 
ftriated, more or lefs divergent. Its fragments 
arc wedge-fhaped and fplintcry. It occurs in 
lengthened coarfe granular diftin£t concretions. 
Its ftreak is black and dull. It marks ftrongly 
when rubbed ; is foft, brittle, and eafily fran- 
gible. Sp. gr. 3.7 to 4.7. 

A fpecimen of this mineral in large rhom- 
boidal prifms, from llefield in the Hartz, was 
analyzed by IClaproth,** and affbrded 

90.5 Brown oxyd of manganefe “ 
2.25 Oxygen gas 
7. Water 


100.00 

Anotlier fpecimen from Moravi'a in Ihort di- 
verging acicuiar cryftals gave 

89. Brown oxyd of manganefe 
10.25 Oxygen gas 
0.5 Water 

99 > 7 S , 

, Brochaat, Kirwan, jamefoa* ^'Aiulyt. EiT. If. p. 44|. 
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• It occurs in veins in porphyry accompanied 
by heavy fpar, calcareous fpar, and iron ochre. 

It is found in England in the counties of 
Cornwall^ Devon, Somerfet, and Derby 5 in 
Aberdeenfhire, in Scotland 5 in Saxony, Bohe- 
mia, Moravia, and Sile(ia» in Germany ; in 
Switzerland, the North of Italy, and France* 

2* Foliated grey manganefe. BlaU 

iriges grau braunfleinerz^ W ern^ Manganef^ gris 
lamelleuxj Broch. 

Its colour is the fame as the preceding. It 
occurs in mafs, difleminated, or cryllallized in 
re£kangular tables, which arc often very fmall, 
and difficultly determinable. Its frafture is 
foliated and delicately ftreaked. It is more 
eahly frangible than the preceding fubfpecics, 
of which however it feems to be merely a vari- 
ety. - It occurs in Dcvonffiire, at llcheld in the 
Aairtz, Saxony, Bohemia, &c. 

3. Subfp. Compafk grey manganefe. Dichter 
grau braunfleinerxj Wem. Manganefe gris com^ 
pa 6 ti^ Broch. 

Its colour is fteel-grey palling into iron-black. 
It occurs in mafs, dilTeminated*, in angular 
fragments, botryoidal, reniform, carious, fta- 
la&itic, or tubercular. Its external luftre is 
eafual ; internally it is gliftening, metallic : its 
fradkure is even, flat-conchoidal, or fine-grained 
uneven. Its fragments arc indeterminate blunt- 
edged. It fometimes prefents thick curved 
lamellar diltinfl: concretions. It varies con- 
(Iderably in hardnefs, and equally fo in its* 
llreak, that of the harder varieties having a 
metallic luftre, but that of the others being dull. 
It is brittle and eafily frangible. Sp. gr. 3.7 to 
4,1. 

The manganefe. of Romaneclie in France^ 
firft deCcribed by Dolomicu, belongs to this fub- 
fpecics ; it is hard enough to fcratch glafs and 
give lire with Heel. According to an analyfis 
by^auquelin it contains 

50. Yellow oxyd of manganefe. 

33.7 Additional oxygen. 

14.7 Barytes.. 

1.2 Silex. 

0.4 Carbon. 


100.0 

It is the opinion of the able chemift who per- 
formed this analyfis that the barytes is che- 
mically combined with the metallic oxyd in this 
ore. 

• 4« SubJ^. Earthy grey manganefe. Erdiges 


grau braunfleinerz, Wern. Manganefe gris ter- 
reuXf Broch. 

Its colour varies between ftccl-grey and 
brownifh-biack. It occurs in mafs or difiemi- 
nated, or fuperficial, or dendritic ; it is foine- 
times dull, fometimes glimmering, with a me- 
tallic luftre. 

Its fra£Iure when dull, or nearly fo, is fine- 
grained earthy, but that of the other varieties is 
fine fcaly. It foils ftfongly; is very tender, 
fometimes even friable ; is foinewhat meagre to 
the touch. Sp. gr. 2 to 3. 

The gas that it yickls by ignition is almoft 
wholly carbonic acid. 

According to an analyfis by Klaproth It con- 
tains 

68. Brown oxyd of manganefe. 

6.5 Oxyd of iron. 

I. Carbon. 

I . Barytes. 

8. Silex. 

17.5 Water. 


102.0 


It occurs in Cornwall and Somerfctflnre in 
England ; Ilmenau in Saxony j Perigueux in- 
France, &c. 

The bieick wad of Derbylhire and Devonffiirc 
appears to be a variety of this fubfpecies. It 
polTeffes the ftrikmg property of inflaming fpon- 
taiieoufly when mixed with one fourth of its 
weight of linfeed oil and fet in a dry warm 
place. According to an analyfis of this fub- 
Itancc by Mr. Wedgwood it cciilifts of the 
oxyds of iron and manganefe in nearly equal 
parts. 

Sp. 2. Black manganefe. Schwarz bratm- 
Jieinerzy Wern. Manganefe noir^ Broch. 

Its colour is between brownilh-black and 
dark greyifli-black. It occurs in mafs, difle- 
minated, or in very fmall fomewhat lengthened 
pyramidal oflohedrons, grouped together in 
rows. The furface of the cryflals is more or 
lefs Alining j internally it has a flight vitreous 
luftre. Its frafture is imperfeflly and curved 
lamellar. Its ftreak is dull, and of a reddifli- 
browii; it is tender,! brittle, and eafily frangi- 
ble. 

It is a rare mineral, and ufually accompanies 
grey antimony. It has not been analyzed. 

It is found at Ehrenftoch, near Ilmenau, in. 
Saxony; at Rabenftein, in Bavaria; Fuhrbach*/ 
in Salzburg; and Gora, in Weft Gallitfia*. 


* Journal det Mlnci, No. xix. p. 17.. 
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3. White manganefc. 

Its colour is fnow-white, ycllowifli or reddifh 
Hvhite. It occurs in mafs^ dilleminated^ ma- 
miliated, or in imperfeA .flattened rhomboids^ 
or lenticular cryftals. Internally it is ^flightly 
gliftening, with a luftre between reflnous and 
vitreous; it is tranflucent at the edges; its 
fra£%ur.e is curved foliated. It is moderately 
hard. Sp. gr. 2.79. 

It effervefces .with the mineral acids^ and 
with the muriatic gives a fmell of oxymuriatic 
acid ; by ignition it becomes black, and ^hen 
fcarcely effervefces with nitrous acid. 

According to Kirwan it. contains 37 per cent, 
of air, the c^ief of which is carbonic acid. 

From an analyfls by Lampadius it conlifts of 
48. Oxyd of manganefe. 

2.1 Oxyd of iron. 

49.2 Carbonic acid. 

0.9 Silex. 


This fubftance appears to have a ftrong anal- 
ogy with pearl fpar. 

Sp, 4. Red manganefe. hraunftieneni 

Wem. Manganefe rouge ^ Broch. 

Its colour is light rofe-red, which by decom- 
pofltion becomes light yellowifh-brown. It 
occurs in mafs and diffeminated. Internally it 
is dull ; its fra£Iure is even, pafling into flat 
conchoidal. Its fragments are indeterminately 
angular fharp-edged. It is flightly tranflucent ; 
is hard, brittle, and eafily frangible. Sp. gr. 
3 *^ 3 * 

By ignition it becomes reddifli-brown, and is 
infuflble before the blowpipe without addition : 
in a ftream of oxygen gas it melts eafily into a 
dark brown tranflucent bead, attra£t;able by the 
magnet. It flightly eflervefces witli nitrous and 
muriatic acids. According to an analyfis by 
Ruprecht it confifts of 

35.17 Oxyd of manganefe. 

7.14 Oxyd of iron. 

55.06 Silex. 

1^56 Alumine. 

0.7S Water. 

99 - 7 ^ 

It occurs at Kapnick, OflTenbanya, and Nag- 
yag, in Tranfilvania, where it ferves as the 
matrix for the gold ores that are wrought at 
thofe places. It was fuppofed by Born and 
otiier mineralogifts to be a variety of felfpar. 

e Klapr. Aaalyc. Sff. II. p. 4#. 


Sp. 5. Sulphuret of manganefe.^ JBlaci 
blende of Muller de Reichenftein. 

Its colour is between brownifh-black and 
iron-black : it occurs mallive and diffeminated : 
it is fhining with a metallic luftre^ Its fracture 
is fine-grained uneven, paffing into obfcurely 
foliated : its fragments are indeterminately an- 
gular. It is opake. It gives a dull greenifh 
brafs-yellow ftreak ; it is moderately hard and 
eafily frangible. Sp. gr. 3.95. 

When pulverized it gives out fulphuretted 
hydrogen on the addition of nitrous acid. 

It has been analyzed by Klaproth, and con- 
fills of 

^ Bz. Oxyd of manganefe. 

1 1 . Sulphur. 

5. Carbonic acid. 


It occurs in veins at Szekeremb in TranfiT- 
vania, together with the preceding fpecies, and 
ferves as a matrix for the ores of gold and tel- 
lurium. 

Sp, 6 , Phofphat of manganefe and iron. ^ 

Of this mineral only the few following par- 
ticulars have as yet been publifhed. 

Its colour is reddilh-brown : its fraflure is 
lamellar ; it poflTefles a brilliant and fomewhat 
chatoy^ant luftre ; when divided into thin lamel- 
lae it is femitranfparent ; its hardnefs is a little 
greater than that of glafs, it gives a greyiih- 
yellow ftreak. Sp. gr. 3.65. 

It is readily fufible before the blowpipe into 
a black enamel. 

According to an analyfis by Vauquelin it is 


Oxyd of manganefe. 
Oxyd of iron. 
Phofphoric acid. 


compofed of 

42 

3* 

27 


It has hitherto been found only in the vicinitv 
of Limoges, in France, where it was at firfl: 
miftaken for an ore of tin. 

* 5 2. ^Jp^y analyfis of ores. 

The analyfis of the ores of manganefe, though 
upon the whole fufficiently fimple, is fubjeA 
to fome difficulties and ambiguities, in confe- 
quence of which chemifts are by no means 
agreed, either upon the belt mode of proceeding 
or upon ^e refults. I'he fteps in the method 
of analyfis that require the moft care are thofo 

• Ana. dc Chtm, tom, xli. p. 24a. 
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that relate to the fepatation of the oicyds of iron 
and manganefe^ and to the afccrtainment of the 
amount and purity of that portion of oxygen 
which is fo loofely combined widi the manga- 
nefc as to be capable of being fcparated by 
mere heat, or the adion of muriatic acid. 

We have already in the article Iron given 
fome account of the methods purfued by the 
ableft chemiits, in feparating the mixed oxyds 
of iron and nianganefe, but as this is a nice 
matter, we (hall take the liberty of recapitulat- 
ing what wc have before (lated, and of making 
fomc additional obfervations. 

i. The method propolcd and pra£Iifed by 
Bergman^ is the following. Having previoufiy 
feparated the earthy and other ingredients, let 
the rehduc, confiding of the mixed oxyds of 
the two metals, be digeded in nitric acid and 
boiled to drynefs, in order to oxygenate .com- 
pletely both the iron and mangahcle ; let fome 
dilute nitric acid and a little fugar be then 
added, and by cold digedion for a few hours 
the maiiganefc will have difiblved, forming a 
limpid nearly colourlefs fluid, while the greated 

E art of the oxyd of iron will remain untouched. 

ict the nitrat of manganefc thus formed be dc- 
compofed by a carbonated alkali, and the pre- 
cipitate, after wafhing, be ignited for halt an 
hour $ then let the cold digedion in dilute nitric 
acid and fugar be again repeated, and the oxyd 
of iron, with the exception of a few atoms, 
will remain untouched, while the manganefe is 
diflblved. To this laft folution, moderately 
diluted, add drop by drop fome caudic ammo- 
nia till the commencement of precipitation; 
tb^n boil the whole for a minute, after which 
the whole of thd iron may be feparated b^ the 
hlter or decantation, the manganefe remaining 
in folution. 

2. A fomewhat diflerent method was follow- 
ed by Cordier and Beaunier, in their analyfes 
of feveral fpecimena of French manganefe. * 
Having completely oxydated by means of nitric 
acid tlie iron and manganefe, the mixed oxyds 
were digeded for fome hours in repeated por- 
tions of boiling didiJled vinegar ; the infoluble 
refidue confided of oxyd of iron holding a fmall 
quantity of ' manganefe, the red of the manga- 
nde (with probably a little iron) being taken up 
by the vinegar. This method however is more 
traious, and apparently lefs accurate, than that 
adopted by Bergman. The following improve- 
ment upon it, firft fuggeded by M. Porcell, has 
fince been employed with fuccels by Vauquelin. 

^ Opufcnla 11. p. sa4. t Jonro. det Mines, No. IviiS. | 


The mixed oxyds, after being diflblved in mu-^ 
riatic acid and precipitated by a mild alkali, 
are to be diflblved in didilled vinegat^ and the 
whole evaporated very nearly to dvyncfs ; from 
this refidue a frelh portion of acetous acid will 
take up the whole of the manganefe, and a 
little of the iron. This fecond folution being 
again evaporated to drynefs, and treated afrcftl 
with acetous acid, will depofit the "reatell part of 
its iron ; and thus by repeating the procefs two 
or three times the whole of the iron may be 
feparated with great accuracy. When nothing 
but manganefe remains in iolution the liquor 
will be entirely colourlefs, and will give a white 
precipitate with prufliat of potafli. 

3 . Mr. Kirwan ^ propofes to feparate the 
two oxyds by boiling them in a ftrong folution 
of cauuic fixed alkalt, which he fays will take 
up the manganefe and leave the iron. This 
however appears to be an overfight : for al- 
though oxyd of manganefe is foluble in alkali 
in the dry way, a folution of the fame has no 
folvent adlion whatever upon it; and, in confe- 
quence, this very procefs is ufed by Klaproth 
to feparate alumine from manganefe, the for- 
mer alone of thefe fubftances being capable of 
being taken uj^ by this fluid. 

4* According to Richter* mannnefe and 
iron may be feparated from each other by dif- 
folving the mixture in fulphuric acid, and then 
adding a concentrated folution of tartrite of 
potafli, both liquors being warm : by evaporat- 
ing the whole gently till the fulphat of potafh 
begins to form, the tartrite of manganefe will 
be entirely depofited in a pulverulent ftate while 
the iron will remain diflTolved. Klaproth how- 
ever found this method ineffeAual when muri- 
atic acid was employed inftead of fulphuric. ^ 

5. The folubility of prufliat of manganefe 
in a dilute acid, and even in pure water, and 
the infolubility of prufliat of iron in the fame 
menilrua, affords an accui^ate and fatisfadory 
method of feparating thefe two metals from 
each other. To the compound muriatic folu- 
tion, containing a flight excefs of acid, add 
prufliat of potafli till a white precipitate makes 
its appearance ; then digeft the whole for fome 
time in a moderate heat, and by decantation or 
the filter feparate the blue precipitate fron^ the ' 
fupernatant liquor ; the whole of the iron will 
be found in the regenerated Pruflian blue, and 
the manganefc will remain in folution, from 
which it may be procured by means of a carbo- 
nated alkali. 

». 769. ^ Mineralog. II p. 387. * Dittv, p. 46T. 
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6. There is yet another method of feparating 
iron aiici manganefe, which has obtained the 
fan£tion of many able chemifts, and when per- 
formed with care is capable of much accuracy. 
Having previoufly dilTolvcd the mixed oxyds in 
fulphuric or muriatic acid, and diluted the 
folution to a confiderable degree, add, drop by 
^drop, Ibmc carbonated alkali", till the liquor be- 
gins to be permancntljr turbid ; then boil it for 
a few minutes and Icparatc by the filter the 
brown oxyd of iron which will have been pre- 
cipitated : into the clear liquor add as before 
a few drops of carbonated alkali till what falls 
down is of a pure white colour, then boil the 
whole and feparatc tliis fccond precipitate in 
the fame manner as the firft. JSy this mode 
three diftina portions will be obtained, of 
which the firft precipitate is pure oxyd of iron, 
the feepnd is a mixture of iron and manganefe 
with the latter confiderably in excefs, and the 
folution is muriat of manganefe entirely free 
from iron. The fecond precipitate being redif- 
folved in muriatic acid and treated with carbo- 
nated alkali, as already mentioned, will be fe- 
parated into oxyd of iron and muriat of man- 
ganefe witli fo much accuracy as to render it 
unneceflary to carry on the procefs further. 

7. The laft method which we (hall mention, 
and which at the fame time is the moft recently 
difeovered, the moft accurate, and the moft 
expeditious, though not fo economical as 
fome of the former, is by means of fuccinat of 
foda or ammonia. It is thus effeAed. * Dif. 
folve the mixed oxyds in muriatic acid, and 
then by means of a cauftic alkali bring the 
folution to a ftate of perfe£^ faturation ; after 
this drop in fuccinat of foda or ammonia as 
long as a precipitation takes place j feparate 
by the filter the fuccinated iron from the clear 
liquor and edulcorate it by repeated ablutions 
of cold water : add together die wafhings and 
clear liquor and decompofe the whole by cauf- 
tic foda, a precipitate will fall down, which 
when waflied and dried is pure oxyd of man- 
ganefe. 

Having thus Hated the principal means of 
overcoming one of the difficulties in the analyfis 
of manganefian ores, we proceed to fay a few 
words on 'the method of afeertaining the 
amount and purity of the loofely combined oxy- 
gen. It is to be regretted however that this 
(which in an economical point of view is a 
matter* of chief importance) fhould hitherto 
have received fo little notice. The moft obvi- 


ous method of proceeding, is by dry diftillation 
at a red heat, in which both the gas and motf- 
ture will be driven oft^ and may be col levied 
and examined by the ufual reagents. Uhis, 
however, is liable to fome obiefrions, and prin- 
cipally the* two following. In the firft place, 
it only fhews the quantity of oxygen gas that 
may be procured from the manganefe fo exa- 
mined ; but as the principal employment of 
this metallic oxyd is in the bleachcries, inhere 
it is ufed for making oxymuriaticiacid, it would 
be eminently ferviccable fo to ftate the refults 
of an analyns as to enable the manufadfurers to 
compare different fpecimens of manganefe with 
a view to their commercial value. For this 
purpofe the oxyd of manganefe muft be decom- 
ofed, not, into the brown oxyd and oxygen, 
ut into the white oxyd and oxygen : mere heat 
however is not capable of feparating more than 
that portion of oxygen which conftitutes the 
difference between the brown and the black 
oxyds, whence it happens that many famples, 
which yield little or no oxygen by fimple igni- 
tion, may yet be employed to good purpofe in 
the preparation of ox y muriatic acid. 

The fecond objeftion is that the fource of 
the carbonic acid which is commonly mixed 
with the oxygen thus procured, is often ex- 
tremely ambiguous. The manganefian ores 
frequently contain both carbon and carbonat 
of lime ; but by a red heat not only part of 
the acid from tlie carbonat is driven off, but 
a portion of the oxygen of the manganefe, as it 
is difengaged, combines with the carbon, and 
thus alfo mrms carbonic acid. 

Some chemifts, particularly Vauquelin and 
his pupils, in their analyfes of the ores of man- 
ganefe, confider the native oxyd as compofed 
of the white oxyd, and a greater or. lefs quan- 
tity of’oxygen, but unfortunately adopt the very 
erroneous method of eftimating this excefs of 
oxygen merely by the lofs that appears, at the 
end of the analyfis, whence its apparent 
amount is greater the more carelefsly the ana- 
lyfis has been performed. 

The fubftances that the commoner ores of 
manganefe have- hitherto been formed to be 
compofed of, are the oxyds of manganefe and 
iron, (ilex, barytes, alumine, carbonat of lime, 
carbon, and water. It is not improbable, that 
all thefe’ may coexift in the fame fpecimen. in 
which cafe the following would probably be the 
beft method of performing its analyfis. 

^ake 400 grains previoufly reduced to a fine 
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powder, and dried at 212® Fahr. divide the (h) Tlic rcfidue of ^ which is infoluble in 
whole into two equal parts^ and treat the firlt foda, confifls of the mixed oxyds of mangaiiefe 
200 grains in the following manner. and iron, which may be feparated by any of 

(a) Put the ore into a fmall retort, and pour the methods already mentioned. If that de- 
upon it about twice its weight of moderatcly^'^^fcribed in paragraph 6 is preferred, muriatic 
dilute and colourlefs nitric acid; the carhonij^' acid is to be added till the whole of the oxyd is 
acid of the c^bonat of lime will be thus difeh- taken up and then carbonated foda will throw 
gaged without the application of heat, and may down a precipitate which when ignited is pure 
be received in an inverted jar of lime-water; oxyd of iron, 

from the regenerated carbonat thus produced, (1) To the muriatic folution of h add cauftic 
.its acid may be calculated according to the foda; the precipitate thus occafioned when 
known proportions. When the evolution of wafhed and ignited in an open crucible is 
carbonic acid ceafes, transfer the contents of the oxyd of mdnganefi, 

retort into a digefling flafk, add a fmall piece of The component parts of the ore are now all 
fugar, and apply a gentle heat ; when the afeertained except the water and loofe oxygeiK, 
adlion of the acid has ceafed, pour off the clear and in order to determine thefc we mull have 
fluid, and digell the remainder with frcfii nitric recourfe to the fecond portion of the ore, 
acid and fugar as long as any thing ceafes to be weighing like the firlt 200 grains, 
taken up; then mix together the nitric folu* (a) Put the ore into a fmall glafs retort 
tions and the walkings of the undillblved reli- connefled with a pneumatic mercurial appara- 
due. tus, and make the bulb of the retort moderately 

{ 6 ) The relidue juft mentioned being dried red hot as long as any gas is difengaged. By 
•at a heat below ignition and weighed, mull be this means the water will be condenlcd in the 
ignited in an open crucible to burn off the car~ receiver, and the gas will pafs forwards into 
ton, the amount of which will be indicated with the inverted jar. 

fufficient exaftnefs by the difference of weight (t) The air thus collefted being mixed wdth 
before and after ignition.^ nitrous fulphat of iron, the amount of its 

f V) The refidue of b is to be boiled to dry- oxygen is readily afeertained. The weight of 
s in a filver crucible with thrice its weignt the oxygen added to that of the brown oxyd of 
of liquid cauftic foda ; the hardened mafs is to manganefc gives very nearly though fomewhat 
be dillblved in dilute muriatic acid, then eva- lefs than the entire weight of the manganefe in 
porated nearly to drynefs, and boiled with the ftate in which it exifts in the ore. The 
water ; a fine white powder will remain undif- difpofable oxygen, or that which may be applied 
folvcd, which is ftUx, to the preparation of oxymuriatic acid, is found 

{d) Add together the nitric {a) and muriatic by dedu£ling 6 per cent, from the brown oxyd, 
(c) iolutions, and pour in liquid ammonia as and adding this to the weight of the gafeous 
feng as any precipitation takes place; feparate oxygen. Of the difpofable oxygen, 16 parts 
the precipitate by filtration, and add the walk- reprefent 100 of oxymuriatic acid, produced by 
ings to the clear liquor. diftilling together the ore and common muriatic 

(/•) I'o the clear liquor of d pour in a flight acid. 

-wefs of fulphuric acid, and make the whole Wc fhall conclude this fe£lion by ftating the 
boiling hot; the precipitate being fpeedily fepa- particulars of fome of the moft interelting 
rated by the filter and walked, is fulphat of analyfes that have yet been publifhed of the 
barytes. ^ ores of manganefe. 

{f) Evaporate the clear liquor of e to a very Radiated grey Manganefe^ 
fmall bulk, and mix it with cold alcohol ; the A cryftallized fpecimen of this mineral was 
refulting precipitate is fulphat of /7/w^. thus anal y fed by Klaproth.*" 20Q grains being 

Cs) "Fhe precipitate oi d is now to be digeft- pulverized w'ere digefted iti the cold with mu- 
cd in cauftic foda : when the a£lion of the riatic acid ; in a few hours the whole diffolvcd 
alkali ceafes, pour off the liquor, edulcorate without effervcfccnce, forming a deep brown- 
the refidue, add the walkings to the liquor, red fluid. Being then heated a copious extri- 
neutralize with muriatic acid, and then pour in cation of oxymuriatic acid gas took place ; 
carbonat. of ammonia, till no further precipi- when this had ceafed, and the liquor was di- 
lation takes place. The precipitate being wafh- luted with water it exhibited a faint reddifh 
ed and ignited is jilutmne. colour, a few atoms of carbon being the only 

r * Analyt. EiT. 11. p. 243 . 
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J jart of the ore remaining -undSflblved. The 
blution was divided into two equal parts, one 
of which was examined with the following re- 
agents. 

Sulphuric acid produced no precipitate ; 
therefore no barytes was prefent. 

Prufliat of potafli ^hrew down a peach-co- 
loured precipitate^ therefore fcarcely any iron 
was prefent. . 

Carbonated alkalies occafioned a white pre- 
cipitate, which retained its colour on expofure 
to the air. 

Caudic alkalies gave a brown precipitate. 
Water impregnated with fulphuretted hydro- 
gen producea no turbidnefs or other change. 

The other half of the folution was neutral- 
ized with carbonat of potafli till a flight turbid- 
nefs appeared i and - being then boiled and fil- 
tered, a few fcarcely perceivable brown parti- 
cles of oxyd of iron were feparated. T o the 
remaining fluid, carbonat of potafh was added 
to full faturation at a boiling temperature y i^6 
grains of carbonated manganefe was thus oo- 
tained, which (after ftrong ignition} weighed 
88.5 grains. This oxyd being then heated with 
ftronjg nitric acid and fugar entirely diflblved, 
forming a colourlefs fluid, from which, by dif- 
tillation to perfeA drynefs, a lead-grey mafs of 
perfefl oxyd of manganefe with a metallic luftre 
was procured. 

aoo grains more of the ore were heated tho- 
roughly red in a glafs retort conne£tcd with a 
pneumatic apparatus, bv which means 14 grs. 
of water and 4.5 grs. 01 oxygen gas were col- 
leded, the remainder in the retort weighing 
181 grs. 

Hence 100 parts of the ore contain 

90.5 Brown oxyd of manganefe. 
2.25 Oxygen. 

7. Water. 


99>75 

Compa£i grey mmnganefe of Rornanechtm 

This was analyzed by V auquelin** in the fol- 
lowing m'anner : 

100 parts being treated by muriatic acid there 
remained t. 6 of a black matter s this refldue 
on expofure to the air inflamed, and left behind 
1.2 of filex. 

Sulphuric acid being added to the folution 
threw down ai of fulphated barytes, equiva- 
lent to 14. of barytes. From tlie remaining 
liquor carbonat of potafli precipitated ^6. of 
very white carbonat of manganefe, which by 
■ Journ. dc« Min. No. 19^ p. 40. 


ftrong diftillation in an earthen retort afforded 
48 of a greenifh-grey oxyd of manganefe. 

Thus there have been obtained 

48. Oxyd of manganefe. 

14. Barytes. 

1.2 Silex. 

0.4 -Carbon. 


63-6 

The 36.4 parts requifite to make up the.ori- 
ginal 100 is confldered by Vauquelin as oxygen 
abftra£ted from the ore by its folution in mu- 
riatic acid and the fubfequent produdion of 
oxymuriatic acid. To tins eftimate however k 
may be objected, that no notice whatever is 
taken of the water which probably exifted in 
the ore, that no allowance is made for the lofs 
experienced in almoft every analyfls, and that 
it is contrary to Bergman’s experiment which 
has never yet been difputed, in which from 
Too of metallic manganefe he procured by folu- 
tion in nitric acid and precipitation by caufttc 
alkali 168 of black oxyd, according to which 
48 parts even of metallic manganefe can only 
take up 32 of oxygen. 

Sulphuret of manganefe. 

Klaproth’s analyfls of this mineral is as fol- 
lows:^ too grains were heated red hot in a 
retort conneSed with a mercurial pneumatic 
apparatus, by which 5 grains of carbonic acid 
and a fcarcely perceptible quantity of moifture 
were obtained. Another 100 grains were 
treated with moderately ftrong nitric acid ; ful- 
phuretted hydrogen gas immediately efcaped 
with a copious effervefccnce, and the ore was 
diflblved with the exception of 5.5 grs. whK.h 
were fulphur. The fiftered folution being diluted 
was divided into two equal parts of which one 
was decompofed by cauftic foda ; a white pre- 
cipitate fell down which fpeedily became brorr. ii 
by expofure to air \ the other half was decom- 
pofed by carbonated foda, and the white pre- 
cipitate hence refulting remained unaltered in 
colour by drying; hence it contained no iron. 

Another 100 grains was treated in the coM 
with dilute nitric acid y 34 grs. of fulphuretted 
hydrogen efcaped, and one grain of fulphur 
remained floating in the folution. Carbonat of 
foda being added to the filtered folution, a 
white carbonated oxyd of manganefe fell down, 
weighing 145 grs. which by ignition in a (mail 
glafs retort was reduced to 82 grs. the colour 
remaining unaltered. To this refldue half its 
weight of fulphur (i. e. 41 grs.) was added 
• Analyt. EiT. H. p. a8. 
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and the mixture ignited in a retort ; part of the 
fulphur fublimed, and there remained at the 
bottom a mafs weighing 98 grs. which in co- 
lour and chemical properties exadly refembled 
the original ore. No other fubftances being 
dete£^ed except oxyd of manganefci carbonic 
acid, and fulphur^ and the weight of the two 
. former being afcertained> the refidue is to be 
conlidered as fulphur, after dedu6ting 2 per 
. cent, for the ufual lofs in analyfes of this kind. 

. Hence the component parts of the ore may be 
ftated^ as 

82. White oxyd of manganele. 

5. Carbonic acid. * 

1 1 • Sulphur. 

98. 

‘ It will not we trull be conlidered as a mark 
, of difrefpecl towards the iltullrious author of 
this analylis, if we venture to fugged a few 
doubts, not with regard to the experiments 
tkemfelves but the deductions from them, 
i The only proof of carbonic acid being con- 
tained in the ore is that it yielded carbonic acid 
gas on being heated ; but this would have hap- 
pened if only carbon and oxyd of manganefe 
nad been prefent j again, from the fulpKuretted 
hydrogen that was produced by the aClion of nitric 
. acid on the ore it is highly probable that the 
manganefe was in the metallic date, or at lead 
only very flightly oxygenated : the edimated 
amount of the fulphur alfo appears to be much 
too low \ fulphuretted hydrogen contains about 
71 per cent, of fulphur, therefore 34 grains of 
this gas contain 24 grains, to which is to be 
Tllnlded one graii^ of fulphur left in the nitrous 
folution after the produClion of the fulphuretted 
hydrogen, making the whole amount w fulphur 
equal to 25 grs. The 82 grs. of white oxyd are 
. wompofed of about 66 of metal and 16 oxygen. 
. It appears therefore more confonant to the aiKt- 
. lylis, and to known chemical faCls, to date 
. tne component parts of the fulphurct of man- 
^ ganefe, as 

66 . Manganefe. 

25. Sulphur. 

9. Carbon^ oxygen^ and lofs. 


100. 

Pboffhat of manganefe and iron. . 

It is to Vauquelin** that wc are indebted for 
an analylis of this mineral. Having previoufly 
afeertained the prefence of iron and phofphoric 

r t An. de Chen. xli. p. 24a. 


acid in it, he took 100 parts of the ore aiid 
boiled it with liquid potalh to drynefs in a lilver 
crucible ; the faline mafs hence rcfulting was 
lixiviated with didillcd water, and the infoluble 
.refidue being edulcorated and dried had ac- 
quired a deep black colour and weighed fome- 
thing » more than the entire mineral. The 
watery lixivium, containing a conliderable ex- 
cefs of alkali was flightly fuperfaturated with 
nitric acid, and then boiled in order to expel 
every portion of carbonic acid that the alkali 
might accidentally have combined with : lime- 
water being now poured in, a copious white 
flocculent precipitate took place which was 
phofphat of lime, and when well walked and 
dried weighed 60 parts, indicating 27 of phof- 
phoric acid.r 

The black part of the ore, which had been 
infoluble in water, was diflblved in dillilled 
vinegar, and. evaporated to drynefs ; the refidue 
being treated with a frelh portion of vinegar 
was in part diflblved, a conliderable quantity 
however of red oxyd of iron remained untouch- 
ed. By repeating the exficcation till all the 
iron was depofited, and then gently igniting 
the depofit, there was procured 31 grains of 
oxyd of iron. The fluid now containing only 
acetite of manganefe was decompofed by caullic 
potalh, and the precipitate after walliing and 
drying weighed 42 grs. and was oxyd of man- 
ganefe. 

5. 3 . ReduBion of Ores. 

As manganefe is applied to no ufc in its me- 
tallic Hate, there are no ellablilhments for the 
redu£lion of its ores in the great way ; and even 
in the laboratory the procefs is feldom per- 
formed, chiefly on account of the intense heat 
which is requifite, and which cannot be ob- 
tained in fmall furnaces unlefs they are pecu- 
liarly well conftrudlied. Theufe of all alkaline 
and vitreous fluxes muH be carefully avoided ; 
for the affinity of tbefe with the oxyd of man- 
ganele is fo conliderable as entirely to prevent 
its redudion where they are prefent. The 
only method whrch has been attended with any 
tolerable fuccefs is the following, invented by 
Bergman.** Se!edi»a found and very refradory 
crucible and line it with charcoal, or llHl better 
with a mixture of linfeed meal and water, 
beaten up with as much finely lifted charcoal 
as it v/iil take without lofing its tenacity, dry 
the crucible thoroughly, gradually increafing 
the heat till the meal begins to be fcorchetl 5 
then take fome oxyd of manganefe (purified 

« Opiifciil. li, p. 20a. 
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frojTi all extraneous fubflances as doferibed in 
the lall fei^ion) and make it up into a ball with 
any kind of oil ; put this into the cavity of the 
crucible and cover it with powdered charcoal ; 
then lute on a pierced cover or an inverted 
crucible, and place it in a blaft furnace ; keep 
it at a moderate red heat till the jet of blue 
flame through th^ hole in the cover has ccafed, 
then bring the furnace rapidly to its higheft 
heat, and keep it fo for forty minutes or three- 
quarters of an hour : after this let the fire go 
out, and when the crucible is quite cold break 
it up carefully and the manganefe will be found 
in globules of various fizes covered for the 
moll part with a thin vitreous cruft. It appears 
probable that a button might be obtained by a 
fecond fufion of thefo globules with glafs of 
borax, in a crucible lined with charcoal and a 
little pipe-clay to prevent the flux from finking 
through the pores of the charcoal. 

5 4 » Phyficial and chemical properties ^ manganefe J 

The colour of manganefe is greyifli-wnite 
with a confiderable metallic brilliancy. Its 
fra£Iure is uneven granular : its hardnefs is 
fomewhat greater than that of caft iron ; and 
it is very orittle. Its fp. gr. according to 
Bergman, is 6.8?, according to Hielm is 7. 
In fufibility it appears to rank between platina 
and iron : when pulverized it is feebly attract- 
ed by the magnet, but this is probably owing 
to the preience of iron, from which it is feldom 
abfolutcly free. 

No other metal is fo eafily oxydaWe as this. 
If a globule of manganefe be broken and ex- 
pofed to the air, the fractured furface almoft 
immediately iofes its metallic luftre and acquires 
a grcyifti tarnifti ; in a few feconds more it 
becomes lilac coloured, then violet, and laftly 
brownifti-black ; wht?n in this ftatc, it is friable 
and breaks down between the fingers into a 
black powder, refembling in appearance the 
native grey oxyd. It is by no means however 
as yet at a high degree of oxydation, for when 
treated with dilute fulphuric acid it gives out 
hydrogen gas ; after a few days however of ex- 
pofure to the atmofphere it becomes more fatu- 
rated with oxygen and then Iofes this property. 
When heatt*d below ignkion in conta£f with 
atrnofpheric air, nearly the fame efFeft takes 
place as at the common temperature, only more 
rapidly. 

Chemtfts at prefent diftinguilh three degrees 
of oxydation of this metal, each of which is 
characterized by a remarkable change of colour. 

* ScheeleU Efl*. 


The white oxyd contains thefmallcft proportion 
of oxygen, and the black oxyd the largeft ; the 
red oxyd holds an indeterminate place between 
the two others. 

The white oxyd of manganefe is moft conve- 
niently prepared by adding a carbonated alkali 
to muriat of manganefe $ tlic copious vtdiite pre- 
cipitate that enfues is carbonated manganefe, 
from which by gentle ignition in a fmall glafs 
retort, the water and carbonic acid is feparated, 
and the white oxyd remains behind, 'rhe pro- 
portions of the component parts of this oxyd 
are, • according to Bergman, 80 of manganefe 
and 20 of oxygen. 

The red oxyd is obtained by mixing two 
parts of fulphuric acid with one part of black 
oxyd of manganefe and a little water, and 
boiling the mafs to drynefs : water tligefted 
upon the refiduum acquires a beautiful ci imfon 
colour, from taking up the red fulphat of man- 
ganefe thus produced. If now to this red 
fluid a few drops of carbotiatcd alkali be added, 
the liquor becomes colourlefs and a little red 
oxyd is precipitated, which however turns brown 
before it can be dried. 

No proper analyfis has been made of this 
oxyd, but it is fuppofed to be manganefe witlt 
a larger proportion of oxygen than is contained 
in the white oxyd. 

The black oxyd is thus prepared by Bergmah. 
To a folution of the fulphat or any other of 
the falts of manganefe is added fome cauftic 
alkali 5 a brown precipitate immediately falls 
down, which when waftied and dried in an 
open crucible, at a heat below ignition, acquires 
a deep brownifh-black. From 100 parts of 
metallic manganefe thus treated, Bergman ob- 
tained 168 of black oxyd, according to which 
its conftituent proportions are 60 of metal 
to 40 of oxygen. 

The exiftence of the three oxyds of mangk- 
nefc juft mentioned was firft afeertained by 
Bergman, and fuccecdiiig chemifts, acquiefcmg 
in the experiments and deduftions of this able 
philofopher, have dgne little either to confiiin 
or correft them 5 - it appears to u's, however, 
that the following circumftances refpe£ting 
the oxyds of this metal taken notice of by 
Bergman himfclf, by Scheele. Klaproth, and 
others, are not perredly confiftent with the 
received opinions pn this fubjed. Regulus of 
manganefe by expofurc to the air for two or 
three days falls into a pulverulent oxyd of a 
deep black colour; but that this fubftance is 
very different from the perfect black okyd la 
1.57*. OpuHmL 
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manSfeft from tlus> that when digefted with di- 
lute fulphuric acid it forms a colourlefs folution^ 
?ncl at the fame time gives out Jiydrogen gas. 
JClaproth alio obferves of this fame oxyd, that 
when kept in the air it exhales for feveral days 
a ftrong odour of hydrogen, proceeding no 
doubt from the decompofition of the moiilure 
of the atmofphere. Here then appears to be a 
black, or rather as we believe a blue oxyd of 
mangiuiefe, combined with fo fmall a portion 
of oxygjfii as to be ftill capable of decompofing 
water, and probably much lefs oxygenated than 
the white oxyd. It is this oxyd alone which 
feems capable of uniting with the fixed alkalies 
by fufion \ for if we melt together pcarlafh and 
the perfect black oxyd of manganelc the refult 
is a faline niafs of a blue colour (but green if 
any yellow oxyd of iron is prefent) and form- 
ing with water a foiution of the fame tinge. 
Jf this foiution be largely diluted with water 
the manganefe pafles in a lliort time to the ft ate 
of red oxyd, and is gradually precipitated : this 
may arife cither from the atmofpheric air con- 
tiuned in the water or from a decompofition 
of part of the water itfelf. The fame effefk 
happens, but more ilowly, if the foiution is 
expofed to the air, probably by the combined 
^ffion of the carbonic acid and the oxygen of 
the atmofphere, the former uniting with the 
^Ikali and the latter with the metallic oxyd. 
The a£fion of any of the more a£l:ive acids, for 
example the fulphuric or muriatic, as might 
be expe£l:ed, is fimilar but more fpeedy, with 
only this difierence, that if more acid be added 
than is neceiTary to faturate the alkali, the ex- 
-^fs of acid dillblvos the manganefe as it pafies 
to the ftate of wilite oxyd \ forming with it a 
colourlefs permanent foiution. It is the blue 
oxyd of manganefe alone that feems undecom- 
jtfftable by mere heat, as is manifeft from a 
well-known faft firll obferved by Rinman, 
namely, that if the common black oxyd of 
manganefe is expofed for feveral hours to a 
white heat, the refult is a hardened mafs of a 
green colour ; but as the only colouring mate- 
rials in the common black manganefe are iron 
^nd manganefe, it is obvious that the yellow 
oxyd of iron muft be mixed with the blue oxyd 
of manganefe. Another charafteriftic of this 
oxyd is, that it is incapable of combining with 
acids till by the abforption of a frefli portion of 
oxygen, it has palTed to the ftate of the white 
oxyd ; as is manifeft bv its forming with them 
not a bhie but a colourlefs foiution. 

The white oxyd of manganefe may be ex- 
hibited in the 'lead unequivocal manner by 


adding cauftic alkali to a ecnccntratcd foiution of 
the fulphat or muriat, but if a diluted foiution 
of the metallic fait is employed, the precipitate 
will be a dufkv brown, probably in confequence 
of the atmufpneric air mixed vntli the diluting 
water. Bergman’s method of preparing the 
black oxyd in the highelh ftate of oxydatioii has 
been already mentioned, but from the uncer- 
tainty attending the procefs it can hardly be 
confidered as an unobjcftionable bafis on which 
to found minute calculations. The mode 
adopted by Klaproth feems much more fatisfac- 
tory. Having diflblvcd carbonated rnanganefe 
in nitric acid to faturatioii and diftillcd the 
mixture to drynefs, the whole of the acid was 
thus feparated, and there remained in the re- 
tort a grey oxyd of a fparkling metallic luftre, 
exa£lly fimilar in external appearance to the 
native grey oxyd, and from the circumftanccs 
of its formation quite faturated with oxygen. 
If the native cryftallized grey manganefe is 
gently ignited till it ceafes .to give out oxygen 
gas, the refult is a black powder which feems to 
be extrcmeljr fimilar to the black oxyd of Berg- 
man ; and if this is really the cafe the black 
oxyd muft be confidered as efll*ntially different 
from the grey, and ranking after it in the order 
of oxygenation. 

Much yet remains to be inveftigated before 
the oxyds of manganefe are fully uiiderftood 5 
the following charafters, however, appear to 
diftinguilh them fuflicicntly from one another. 
The blue oxyd contains the fmalleft proportion 
of oxygen : it is folublc in fixed alkalies but not 
in acids. 

The white oxyd is the next in order ; it com- 
bines with acids, forming colourlefs falts ; it 
may be converted by ignition in a covered cru- 
cible to the ftate of red oxyd, or to black oxyd 
by gentle calcination in an open vcllel. 

The red oxyd is foluble in the fulphuric and 
muriatic acids, and communicates its own co- 
lour to the foiution, which may be deftroyed 
by the addition of fugar ami other carbonace- 
ous fubftances : during its foiution iniho above- 
mentioned acids it gives out no gas. 

The black oxyd is of a brownifti -black co- 
lour 5 by digeftion'in coI<l muriatic acid it 
forms a deep reddifh-brown foiution, from 
which water throws down the whole of the 
colouring matter ; the muriatic foiution being 
heated gives out oxymuriaiic acid, and the me- 
tal palTcs to the ftate of red oxyd. By gentle 
ignition it gives out ! it tic if any oxygon. 

The grey oxyd is diftinguifiiable by its me- 
tallic luftre, by the quantity of oxygen g.n; 
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which It glvos out on Ignition, by Its little folu- 
bility in cold murUtic acid, and by the copious 
produ£lIon of oxy muriatic acid from thefe in- 
gredients when heated. 

The recently precipitated oxyds of manganefc 
eafily pafs by expofure to the air from a low 
to a higher (late of oxydadon. It has alfo 
been aQ'erted by fome chemills that the native 
grey manganere, after its loofely combined ox- 
ygen has been driven off by ignition, is capable 
of again fupplying itfcif with a frcfli portion, 
if made up into a palle with water and expofed 
for fomo weeks to the air: this, however, if we 
may judge from our own experience and the 
concurring teffimony of Dr. Thomfon, appears 
to bo a miftake. ** 

We now proceed to confider the a^^ion of 
gicids* on manganefe and its oxyds. 

Bulphat of manganefe maybe prepared In various 
ways. If metallic manganefe and diluted ful- 
phuric acid, are mixed together, a copious effer- 
vefcencc of hydrogen gas takes place, and the 
metal is rapidly diifolved, leaving behind a black 
fpungy matter, which appears to be carburet of 
iron. The filtered liquor is perfe£tly colourlefs, 
and affords by evaporation and cooling, large ob- 
lique four-rfided prifms, which arc iulphat of 
manganefe. The white oxyd, either (imple or 
carbonated, may be fubflituted for the metal with 
the fame refult, except that with the former the 
combination takes place without the extrication 
of gas, and that with the latter carbonic acid 
is given out. If the red or cither of the more 
perfeft oxyds of manganefe be employed, it is 
nepeffary to add to the mixture a little fugar 
or other carbonaceous fubftance to engage 
the excefs of oxygen, and to ^ply a boiling heat. 
Finally, fulphat of manganefe may be prepared 
by putting fome black oxyd and water into a 
Woulfe’s apparatus, and throwing in fulphureous 
acid gas \ the black colour of the oxyd difap- 
pears by degrees in confequence of a portion of 
Its oxygen being expended’ in converting the 
fulphuieous to fulphuric acid, which acid, as 
foon as it is formed diffblves the manganefc 
now reduced to the (late of white oxyd, and 
the refult is fulphat of manganefe ; no gas is 
dtfengaged during the whole of this procefs. 
This fait readily cryftallizes, as we have already 
mentioned, in oblique prifms; it has an in- 
tenfely bitter tafle, is decompofable with pre- 
cipitation of its oxyd by the caufUc or carbon- 
ated alkalies. By dry dillillation at a red heat 
the acid is deepmpofed, fulphureous acid gas 


E afles over, and the manganefe in the ftate of 
lack oxyd remains behind in the retort. 

. In the precviling, which is the colourlefs ful- 
phat, the mangaticle cxKts in the ilate of white 
oxyd, but it may alfo combine with fulphuric 
acid ill the ftate of red oxyd, forming the red 
fulphat of mangamfe. This fait is prepared by 
mixing together equal parts of fulphuric acid 
and black oxyd, and heating the mafs in a re- 
tort ; oxygen gas and a little fulphuric acid 
pafs over, and the dark colour of the mixture 
tiifappears ; the retort being now withdrawn, 
and water being added to the faline mafs which 
it contains, a violent heat is produced, and a 
crimfon liquor is obtained, w'hich is the red ful- 
phat. By gradual evaporation it is reduced to 
a fyrupy confiftence, and, by carrying on the 
procefs farther, to a faline mafs ; but it refufes 
to ilioot into regular cryftals. A large quantity 
of water partially dccompofcs it, red oxyd 
being precipitated ; with the fixed alkalies alfo 
it yields a red depofit, which fhortly becomes 
brown and then black. By digeftion with 
fugar it becomes colourlefs, and palTes to the 
ftate of common fulphat. 

Nitric acid, whether colourlefs or fuming, 
a£t$ vigoToufly on reguline manganefe and dif- 
folvcs it, nitrous gas being given out : the folu- 
tion containing nitrat of manganefe is as limpid 
and colourlefs as water. Pure nitric acid has 
no aflion on the black oxyd ; but when highly 
charged with nitrous gas it takes it up without 
any difficulty, the black colour of the oxyd 
and the orange of the acid equally difappearing, 
in confequence of part of the oxygen of the 
metal having been transferrgd to the acid* 
Hence colourlefs nitric acid may be made to 
zQ: on the black oxyd by the help of fu^ar or 
any limilar fubftance, carbonic acid being at 
the fame time generated. Nitrat of manganese 
is deliquefeent and uncryftalljzable. 

Muriatic acid diflolvcs reguline manganefe, 
hydrogen gas being given out, and the mlution 
is clear and colourlefs. When digefted on the 
white oxyd it alfo forms a fimilar colourlefs 
muriat of manganefe. If muriatic acid is boiled 
on the black oxyd, part of the acid becofhes 
converted into oxymuriatic gas at the expence 
of the oxyd, while the remainder of the acid 
diffblves the manganefe now converted into the 
white oxyd. If muriatic acid and' the black 
oxyd be digefted together for a few hours in 
the cold^ no oxymuriatic acid is extricated, the 
folution is of a reddilh-brown colour, and pro- 


* Sckeele's' p.68. Bergman Opufcul. II. p Sto. 
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bably confifts of a mixture of muriatic and oxy- 
muriatic acids combined with the red oxyd. 
The fimple addition of water throws down a 
red precipitate, and ufually difeharges the 
whole colour from the folution* By ebullition 
oxymuriatic acid is fet at liberty, and the folu- 
tion becomes much lighter, uill however re- 
taining a faint reddiih tinge. Reguline man- 
ganefe, when pulverized and thrown into a 
vial of oxymuriatic acid gas undergoes inflam- 
mation, and is converted into the white oxyd. 

Both the regulus and oxyds of manganefe 
are foluble in water highly impregnated with 
carbonic acid ; when the former is made ufe of 
an odour like burning fat is perceivable, owing 
probably to the decompofition of water and 
confequent extrication of hydrogen gas. When 
the folution is expofed to the air, part of the 
carbonic acid efcapes and infoluble carbonat of 
manganefe is feparated In the form of a thin 
white pellicle. 

The fluoric, boracic, and phofphoric acids, 
exert but little direct action on manganefe and 
its oxyds, but by adding the neutral falts of 
thele acids to the fulphat or muriat of manga- 
aefe, a white and little foluble precipitate falls 
down, confining of oxyd of manganefe com- 
bined with the added acid. 

Acetic acid by long digedion becomes fatu- 
rated with oxyd of manganefe, whether the 
metal or any of its oxyds are made ufe of ; it 
docs not cryftallize.on evaporation, but aflbrds 
a deliquefeent mafs. But the moil expeditious 
w^ay of faturating acetic acid with manganefe is 
to digeil the acid upon the recently precipitated 
carbonat as long as any gas is difengaged. 

Citric acid by^digeilion in the cold with the 
black oxyd of manganefe, takes up a part and 
. bccom ri itfelf of a brown colour } if this foJu- 
tioii ’is then expofed to heat an e/Fervefcence 
“Tiifues, occadoned by the efcape of carbonic 
acid, and the fluid becomes coluurlefs. 

Tartareous acid a£l;s precifely in the fame 
manner as the preceding. 

Oxalic acid diflblves the black oxyd of man- 
ganefe with efFervefcence, and tfie folution 
when faturated depodts a white cryllalline pow- 
der,. which is oxalat of manganefe. 

The adion of the other acids on manganefe 
has been but little afeertained; all that we 
know is that they may be formed by digeflion 
with the recently precipitated carbonat of man- 
ganefe, the carbonic acid being feparated in die 
ftate-of gas. 

The .aflion of the fixed alkalies on the oxyds 
of manganefe has already been deferibed | it 

YOL. n. 


only remains to remark in addition, that if to the 
blue or green mafs produced by^ the fpdon of 
fixed alkali and oxyd of manganefe there be 
added a little charcoal-powder, and the whole 
be expofed to a melting-heat, a flight effervef- 
cence in a fliort time takes place, and the 
colour gradually changes to yellowifli-white. 

Ammonia by expofure to black oxyd of man- 
ganefe at a red heat is entirely deconipofed, its 
hydrogen uniting with part of the oxygen forms 
water, and the azot, its other element, by com- 
bination with a further portion of oxygen, pro- 
duces nitrous acid, as may be feen more at 
large under the article Ammonia. 

Nitre and the black oxyd being diflilled to- 
gether, nitrous acid and oxygen gas pafs over i 
what remains in the retort is a blue mafs, con- 
fifting of oxyd of manganefe and potaili. 

Muriat of ammonia, by dry dillillation with 
the black oxyd, gives out its ammonia, of which 
part pafles off undecompofed, but the refidue, 
with the liberated oxygen of the manganefe, 
forms water and azot. 

'fhe black oxyd, when fufed with borax or 
any of the vitrefeent mixtures, communicates 
to the mafs an amcthyft-rcd colour which is 
difeharged by charcoal or any other deoxygen- 
ating fubffance and rclloreil by nitre. For a 
full account of the curious and intricate phe- 
nomofla, which it exhibits when fuled with 
glafs, fee that article. 

Sulphur, according to Bergman, appears to 
have no a^ion on reguline manganefe. But if 
the black oxyd be ignited in a retort with half 
its weight of fulphur, there comes over a quan- 
tity of fulphureous acid gas, part of the fulphur 
fuDlimcs, and there remains in tlie bulb of the 
retort a yellowifh-green mafs, equal in weight 
to the oxyd employed and nearly half of the 
fulphur. . The manganefe in this fiilphurct 
feems to be very nearly if not quite in the rc- 
gulitie ftate ; for when digeffed wdth muriatic 
or dilute fulphuric or nitric acids, fulphuretted 
hydrogen gas is liberated, the manganefe is dif- 
folvcd, and a few grains of fulphur alone re- 
main in the fluid: By calcination in an open 
veffel the fulphuret is more or lefs decompofed, 
part of its fulphui; efcapes, and the refidiial 
mafs acquires a brown colour ; if in this ftate- 
it is lixiviated with water a confidcrablc portion 
diflblves, and the fluid by evaporation and. 
cooling depofits cryftals of fulphuted manga- 
nefe : the infoluble refidue, by the, addition • of 
a Httle fulphur and fubfequent calcination, may 
be wholly converted into fulphat. 

The alkaline hydrofuiphurcts and hydro- 
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guretted fulphurets feparate the oxyd of man* appellation of gli^s Joap. It may be remarked 
ganefe from ita acid folutions in the form of a by the bye that this latter application of man- 
white powder, the properties of which, how* ganefe to the purpofes of art is by far the moft* 
ever, have not been examined. ancient, it being diftin£tly mentioned by Pliny 

Phofphuret of mangancfe has only been de* in his Natural Hiftory, whereas the otners do 
fcribed by Pelletier.^ If equal parts of vitreous not date further back than the commencement 
phofphoric acid and reguline manganefe, toge* of pneumatic chemiftry. 

ther with charcoal equal in weight to Vt ^be MANHEIM GOLD. See Copper {Allays 

other two ingredients, are accurately mixed in of)^ p. 347. 

a mortar, and afterwards expofed to a ftrong MARBLE. See Limestone. 

heat in a covered crucible, the refult will be a MARCASITE. See Arsenical Pyrites^ 

button of a white colour and metallic luftre ; P*.93* 

hard, brittle, of a granular fra£fure, permanent MARINE ACID. See Muriatic Aciia. 

in the air, and much more eafily fufible than MARL. 

the pure regulus. By fufion before the blow- Of this mineral there are the two following 

pipe the phofphorus burns out, and the metal fubfpecies. 

1$ converted to a black oxyd. i. Subjp. Earthy marl. Mergel erde^ Wem. 

Oxyd of mangancfe and the exprefled oils Marne terreufe^ Broch. 
exert a conlidcrablc a£fion on each other. If Its ufual colour is yellow! fli-grey, palling 

one part of finely pulverized black oxyd and fometimes to Ifabel la-yellow, alfo afh-grey, yel- 
four parts of olive oil are digefted together, lowifli and grcyifli white. It is dull, and la 
when the mixture begins to get moderately . compofed of more or lefs cohering dufty parti- 
warm, a violent cffervefcence takes place, ow- cles; it foils a little, is meagre, and fomewhat 
ing to the extrication of carbonic acid, and rough to the touch. It is light, fometimes aK 
when this ceafes the mangancfe is found to be moil fuflSciently fo as to float on water, 
entirely diflblved in the oil, wliich, when cold. It cfFcrvefces powerfully with acids, and is 
acquires the confiftcnce of falve. readily fufible by the blowpipe. 

The alloys of mangancfe are of little im- It occurs in beds in feconcUry limeftone and 
portance, and have not yet been fub{c£);ed to the more recent fandftone, and frequently con* 
much chemical inveftigation. For its -alloys tains iliells. It is employed in pottery, but its 
with gold, lead, copper, and iron, fee the ac- moft important ufe is in agriculture as a manure 
counts of thofe metals refpe£livbly. for four clay, fand, or peat* 

If white arfenic and oxyd of manganefe are 2. Subfp. Indurated marl. V frhdrteter 
heated together, the former is volatilized with- gel^ Wem. Marne endurcre, Broch. 
out at all combining with the latter j but if Its colour is fmoke-|frey, yellowiffi, bluiflijf 
arfeniat of potafh and any of the falts of man- or blackifli grey, yellowiffi-white, ochre-yellow£_ 
nnefe are mixed together, a precipitate of ar- and brownilh-red. ^ It occurs^ih mafs. It is 
foniat of manganefe is thrown down ; this being dull, fometimes flightly glimmering from an^ 
mixed with a little charcoal and heated in a admixture of foreign particles. Its fraAure is 
covered crucible, runs down into a dark- earthy, or fplintcry paffing into conchoidaj, or 
coloured eafily fufible metallic button, from flaty. It breaks into indeterminately angular 
which,, by continued heat in an open veflel, the or flaty^ fragments. It is opake». moderately 
arfenic is almoft entirely volatilized, leaving the foft, brittle, and ealiljr frangible, 
manganefe behind in the ftate of black oxyd. Like the preceding it forms a greyifli-blaclt 

The only ufe of manganefe is in the ftate of glafs before the blowpipe, and eSsrvefees vi- 
bJack oxyd. It is employed in the laboratory goroufly with acids. 

as the cheapeft and molt convenient material It occurs^ principally in fecondarjr limeftbne, 
firom which to procure oxygen gas. All the alternating in beds with it or forming nefts in 
oxymuriatic acid confumed in the bleacheries it: it is alfo met with in. die independent, coalc 
of Britain, France, and Germany, is prepared formation. ^ 

from manganefe and the ufual materials of It readily difintegrates by ez^fure to the 
muriatic acid. Finally h is largely employed weather^ and is in great requeft with the firmer, 
by the glafs-makers, both as a colouring mate* It frequently contains fliells. • ^ ’ 

rial and for the purpofe of deftroying- the colour In agriculture the following, varieties of mark 

Msf .4^ finer kinds of glafles ^ hence ita common. are uft^y diftinguiihe<b 

* Memoirct*. 
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Common ihar 1 » which includes not only the 
earthy marl but fome varieties of potters clay : 
itone marl| which is the earthy indurated i 
Hate marl, which is the flaty . indurated } and (hell 
marly which is either the earthy or indurated, 
abounding with (hells. 

MARXiITE, bituminous^ Kirw. Bitumuttfer 
mergel f chief cr^ Wern. Schjfle marno-hitumineux^ 
Broch. ' 

Its colour is greyifli or browni(h black. It 
occurs in mafs. The furface of its fracture is 
either rough and dull or llightly glimmering, 
or fmooth and gliftening or (hining. 

Its fradure is plane or waved llaty. Its frag- 
ments are flaty. It is opake, acquires a polifh 
by fri^ion, is foft, ealily frangible, fomewhat 
meagre to the touch, and moderately heavy. 

. It efFervefees with acids, and when expofed 
to the blowpipe gives out a bituminous odour 
and a weak flame, and then fufes into a black 
fcoria. 

It occurs in beds with the oldefl: fecondary 
Kmeftone. It is often mixed, more or Icfs, 
with various ores of copper, efpecially the py- 
ritical and vitreous ; alfo more rarely with the 
blue or green carbonated or native copper. 
When this is the cafe it is often regularly 
worked as 'an ore of copper. 

A remarkable circumftance relating to this 
mineral is, that it contains petrified (ifh and 
vegetable remains, arranged in regular bands ; 
the bodies of the flfh are carbonized, and their 
fcales often plated with copper ore : notwitli- 
(landing the regularity of the layers each (ifh is 
in a contorted and convulfed pofition, as if it 
had fuddenly undergone a violent death. 

It occurs at Eiflcben and llmenau in Thu- 
ringia, and Riegelfdorf in Hcflia. . 

MARTIAL ETHIOPS. See Iron, p. 6ia. 
MARTIAL FLOWERS. See Iron, p. 
622. 

MARTIAL REGULUS OF ANTIMO- 
NY. See Antimony, p. 80. 

MARTIAL TINCTURE. See Iron, p. 
622. 

MARTIAL VITRIOL. See Iron, p. 614. 
MASSICOT. See Lead. 

MASTICH.* 

The piftachia lentifeus is a fmall tree, about 
ten or twelve feet high, that grows in feveral 
of the iflands'of the Archipelago, but is^ culti- 
vated with peculiar care and fuccefs in the 
ifland of Chio. In the month of Augufl: tranf- 
verfe incifions arc made in the bark of this tree, 
from vfhich there oozes out in the fpace of a 

' « Apparat. Mci* 1. p. XS7« 


few hours a pellucid refin. This refin is 
called maflich, and when pure is in the form 
of little round drops or tears, of a very pale 
amber colour $ a piece recently broken is quite 
tranfparent, but by expofure to the air it 
becomes fomewhat pulverulent fuperficially, 
and hence femitranfparent. Its fp. gr. is 1.074. 
This refin, efpecially when gently warmed, 
has a faint but not unpleafant odour, which 
becomes ftronger and more grateful when it is 
melted; it has fcarcely any fenfible flavour; 
when maflicated it grows foft like wax, and 
acquires an ivory whitenefs ; water boiled upon 
it becomes impregnated with its odour, but the 
maflich lofes hardly any weight by the procefs. 

In its habitudes with acids and alkalies maf- 
tich does not perceptibly differ from the other 
refins. By digeflton with alcohol it is feparated 
into two portions; thcone foluble in this fluid and 
the other infolublc ; the former compofes about 
^ of the whole, and is pure refin ; the latter in 
moil of its properties clofcly refembles caout- 
chouc. The prcfencc of this fubflance in maf- 
tich was firll remarked by Kundc, an apothe- 
cary of Berlin, whofo obfervations have fince 
been confirmed by Mr. Matthews.** After 
folution of the refin in alcohol an inflammable 
refidue is left behind of a white colour, con- 
flderably claflic and adhefive ; when heated it 
becomes brown, emitting an inflammable gas, 
and in this Hate greatly rcfcmblcs common 
caoutchouc, except in being {lightly glutinous. 
It is pcrfedlly foluble in wafhed fulphuric ether 
from which it is precipi table by alcohol in the 
form of a white curd. It is wholly infoluble 
in water. By digeflion with nitric acid it is 
converted into a yellow brittle porous mafs, 
nitrous gas^ being at the fame time given out ; 
it is charred by fulphuric acid, to which it 
communicates a deep (fomewhat muddy) crini- 
fon colour, with the evolution of fulphurcous 
acid. Neither the muriatic nor oxyniuriatic 
acids, nor the alkalies whether cauftic or car- 
bonated, have any a£lion on it : in all which 
particulars it agrees with caoutcliouc. 

In the Turkiih dominions maflich is in great 
requefl among the women, as a maflicatory, 
and the produce of the Chian plantations is faid 
to be appropriated to the ufe of the emperour’s 
feraglro. In the other countries of Europe it is 
employed medically in fumigations, and by 
painters and otlicr artifts in the compofitioa 
of the tougher kinds of varnifhes. 

MATRASS, an article of chemical apparatus. 
See Appendix. 

. * Nichi Joura. x. p. MT* 
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MATT. The produce of the firft fufion of 
a fulphuretted ore is called a term pro- 

bably adopted from the German miners \ for 
tlie y/ord m that language ngnllies dull, with- 
out luftre, a charaftcr that is applicable with 
great juftice to moft of the half fulphurized 
reguli when compared to the fame metals in 
their pure ftale. 

MEASURES and WEIGHTS. See the 
Appendix. 

MEERSCHAUM^ Wern. Ecume de mer, 
1 7'cch, KeiFekil, Kiriv. 

Its colour is yellowifh-white parting to Ifa- 
bella-yellow, or greyifti or reddiih. It occurs 
in mats. It is dull. Its fradlurc is fine-grained, 
earthy, parting into flat conchoids], or fmall 
llaty ; its fragments are indeterminately angular, 
moderately fiiarp-cdgcd. It is opake, foft, eafily 
frangible^ acquires a pollfh by friction, is more 
or lefs unftuous to the touch, fp. gr. i.6. 

It is partly Ibluble in acids without eflervef- 
cence, and is iiifufible, without addition, before 
the blowpipe. 

It has been analyfed both by Wiegleb and 
Klaproth with the following refiilts : 


Silex 

Magnefia 

Lime 

Water 

Carbonic acid 


Wiegleb 

54.16 

51.60 


Klaproth 




SO- 5 
17.25 
0-5 
^S- 
5 - 


4 * 

18.25 

0.5 

39-0 


105.82 — 98.25 — 98 75 


Much of the apparent dirterence between 
thefe analyfes will be removed by obferving 
that Klaproth analyfed the frefh earth, whereas 
the fpecimen examined by Wiegleb was a to- 
bacco pipe made of the fame earth, but of 
courfe baked, and therefore deprived of water 
and carbonic acid. A third fpecimen analyfed 
by Klaproth yielded confiderably more magnefia 
and lefs filex than the other two, and therefore 
approached nearly to that examined by Wiegleb. 

Meerfehaum is ufed in various parts of the 
Turkirti dominions as fullers* earth is with us ; 
it is alfo employed bjr the Turkirti women in- 
ftcad of foap in wafliing their hair, the bowls of 
the Turkirti pipes are alfo made of it. 

The mod valued fort of this mineral is found 
io the Crimea, whence it ufed to be exported in 
great quantity to Conftantinople under the . 
name of kcfFekil, or earth of KafFa, fo called 
-from the town in the Crimea where it was 
Ihippcd. It is alfo found in Natolia, and the 


Iflands of Samos and Negropont in the Archi- 
pelago. It forms thin beds, and when recently 
dug, is faid to be in a foft party ftate, but 
becomes harder by expofure to the air. 

. An earthy fubftance, fimilar to the above, has 
been found by Fabbroni at Cartel del. Piano, 
near Sienna : it confiils of 55 filex, 25 magnefia, 
12 alumine, 3 lime, and 0.1 oxyd of iron ; and 
is the material of which he has made bricks fo 
light as to float in the water ; thus relloriiig 
one of the lort arts recorded by Strabo and 
Pliny. 

MELANITE*. Melanit, Black gar- 

net of moft mineralogirts. 

Its colour is velvet-black inclining to greyifli- 
black. It occurs cryrtallized in fix-fided prifms, 
terminated at each extremity by an obtufe tri- 
hedral pyramid, the planes of which are fet on 
the alternate edges of the prifm ; the prifm 
itfelf is not unfrcquently truncated on its lateral 
edges. Its cryftals are middle-fized and fmalU 
Externally it is finooth and fhining, approaching 
to refplcndent ; internally it is rtiining, approacH- 
ing to glimmering. Its fra£Iure is imperfe£lly 
flat conchoidal, with fometiines a tendency to 
foliated : its natural joints obliquely interfc£I 
each other in two dirc£lions. Its fragments are 
indeterminately angular and ftiarp- edged. It is 
opake, hard, pretty eafily frangible, ip. gr.. 3.69^ 
to 3 8. 

Both Klaproth and Vauquelin have publlrtied 
analyfes of this mineral, but they dirter fo.con- 
fidcrably as to render it probable that the one 
or the otlier has operated on a different fub- 
ftance from the true mclanitc. The following 
are the rcfults. 

Klapr. 

. • 40 


Silex .... 
A lumine • 

Lime .... 
Magnefia 
Oxyd of iron 
Ditto of manganefe 



}- 


Vauq. 

- 3 ^ 

o 


^5 

98 


It has hitherto been found only in Italy, at 
Frafcati, and St. Albano, near Rome. 
MELUTE or HONEYSTONE.* 

Wern. Kirw. Mellite^ Broca. 

and Hauy. 

Its colour is honey-yellow, palling into pale 
wax and ftraw yellow. It occurs in detached 

;ure is 
pyra- 

which is a perfe£k 


grains, and cryftalltzed. Its primitive figv 
an oAohedron, formed by two four-fided ] 
midsj the common bafe of 


• JOcocImI. Janielbn. 


JamcloB. Brockant 


*Brockaal« Hauf. JamcfNi, 
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fquare, and the incidence of each face in one neutralized with acetic acid, and evaporated to 
pyramid, on its correfponding face in the other drynefs, leaves behind a faline mafs, which, 
pyramid is =: 93®. zz'. Befides the above after the acetat of foda has Been waflied out 
form it prefents the two folIowi!ig varieties. by alcohol, furniflies by folution in water and 
1. The primitive oftohedron with all the evaporation cry ft als of a neutral fait. Hence mcl- 
folid angles replaced by fmall quadrilateral lite conlifls en'entially of an acid and aluminc. 
planes, the furhices of which are not unfre- The mod fatisfaftory of the analyfcs per- 
quently curvilinear. formed on this fubftance by Klaproth, is the 

z. 'rhe primitive oftohedron with the lateral follpwing* 
angles deeply truncated, thus forming a dodc- a. 400 grains of mellite reduced to a fine 
cahedron, differing however in the ineafiircment powder were boiled three fcveral times with 60 
of its anglcs^rom the rhomboidal or garnet ounces of didillcd water each time : there re- 
dodecahedron. ' mained behind an earthy refuluc weighing. 

The cryftals are fmall, and very fmall ; their after being dried, 210 grains, 
furface is commonly I'lnooth and fliining. In- b. The watery folution being concentrated 
ternally xt is fplendent with a luftre between in a gentle warmth, till it became thick, was 
vitreous and re/inous. Its fra£lurc is perfefbly mixed with alcohol, by which it acquired a 
conchoklal ; its fragments are indeterminately pitchy confidence, but at length by continued 
angular It is tranfparcnt, pafling into opake, trituration, it difl(>lvcd in this fluid, with the 
and pollclles a double refra£rion. It is foftcr exception of fomc earthy flncculi, wliich, when 
than amber; is brittle, and eafily frangible, waftied and dried, weighed 22 grs. When 
Sp. gr. 1.58 to 1.66. It becomes define by thefc were feparated, the clear liquor yielded, 
friflion, but continues fo only for an indant. by evaporation, a browniih faline mafs, wcigli- 
When ignited in the open air it fiid becomes ing 92 grains, 
opake, and of a greyifh- white fpotted with c. Uliis brown fait, by two fuccefiive evapo- 
black, at length it acquires the colour and con- rations and folutions, was procured in didinflly 
fidence of chalk ; no fmoak or flame are obfer- crydallized needles, anil was pure mellitic aiuL 
Table during the whole of this procefs. d. The infoluble refidues of a and by ex- 

Ai cording to the experiments of Klaproth**^ pofure to a red heat, gave out a weak fwcetilh 
it exhibits the following properties. odour, owing to the combudion of a fmall por- 

When finely pulverized, and boiled with a tion of acid, and were reduced to a greyifli 
large quantity of water, it forms an acidulous white powder, weighing 64 grs. This, when 
folution, and leaves behind a light-grey (limy treated with four times its weight of drong 
earth. fulphuric acid, coagulated into a crydalline 

It is entirely foluble in nitric acid without mafs, which, by re-folution in water, left be- 
hcat. With muriatic acid it affords a fome- hind 1 1 grs. of refidue. 

'what turbid foluiiqn. In concentrated fulphu- e. Thefe ii grs. by digedion with muriatic 
ric acid it breaks down into a white flocculent acid were reduced to 5.5 which were Jilex. 
matter, which, by fubfequent dilution with The muriatic folution of e afforded, with 

water, is entirely taken up. prufliat of potafh, a fmall portion of blue preci- 

••'A folution of caudic foda firft converts pitate, indicating 0.5 gr. of rV^^r. 
mellite into a loofe flocculent fubdance, and g. From the clear folution of^ carbonated 
then diffolves the greater part of it. foda threw down fome alumixie, which being 

Ammonia, by cold digedion for fome hours rediffolved in fulphuric acid, was added to the 
in a clofed bottle, produces a complcat difinte- fulphuric folution of d, the addition of 

gratlon : the earthy part is left behind in the acetat of potafh', the whole mot into crydals o£ 
form of a greyifli flime, and the acid combines alum, which, when treated with carbonat of 
with the ammonia into a cry ftallizable fluid. ammonia, afforded alumine to the amount of 
Mellite, projefted on melted nitre, caufes a 58 grs. after ignition, 
fliglit fcintiHation, and the white earthy parr Hence thefe 400 grs. of mellite are com- 
remains mixed wiA the faline refidue. pofed of 5.5 Silex 

When boiled with a folution of carbonated. 0.5 Iron 

foda, a moderate efferveftcnce takes place, and , 58*0 Alumine 

when this ceafes, there remains a white earthy 2^6. o Mellitic acid, water, and lofa 

which is alumine, with a fmall cafual admixture ■ — 

of filex. The fiipernatant liquor, when exa^ly which gives jper 

* Aaslyt. £ff. 11. p. 93. 
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1.375 Silex 
0.125 

14.5 Aluminc 

84. Mellitic ackl^ water, and lofs 

100.000 

Mellitc is a mineral of very rare occurrence, 
having hitherto been found only at Aertern in 
Thuringia, Langenbogen in the dillrifl of Saal, 
and in Switzerland. It occurs on bituminous 
wood, and earthy coal, and is generally accom- 
panied by fulphur. 

MELLITIC ACID.* 

This acid obtained as mentioned in the pre- 
ceding article, cryftallizcs in finely fibrous and 
fpherical maftes, or in minute fliort prifms. 
Its tafte is fwectifli-four with a bitierifh flavour. 

It is dccompofed by ignition into a dark-grey 
fmoak, poflelTing very little odour, and leaves 
behind a finall portion of afhes that are neither 
alkaline nor acidulous. It is not convertible 
into oxalic acid by digeilion with nitric acid. 
If dropped into a foliition of cauftic lime, 
barj^tes, or ftrontian, it immediately produces a 
white precipitate, which, however, is again 
taken up by muriatic acid. It decompofes 
iacetat of barvtcs, acetat of lead, nitrat of mer- 
cury, and nitrat of iron, but all thefe precipi- 
tates are refoluble in nitric acid. It produces 
no change in nitrat of filver or muriat of cop- 
per. When added to muriat of barytes, it 
caufes no alteration at firft, but foon brings on 
a copious depofit of cryfialline needles. 

Witli potafh it forms a neutral fait, of a 
flriated cryftalHne appearance. 

With foda it affords cryflals in the form of 
cubes or triangular plates. 

With ammonia it affords clear hexahedral 
prifms, which, by expofure to the air, lofe their 
tranfparency, and acquire a filvery-white appear- 
ance. 

MENACHANITE. See Titanium. 
MENSTRUUM. 

. This term is nearly fynonimous with Sol- 
vent, which fee. 

MERCURY or QUICKSILVER, jffer- 
cure^ jirgent Fr. Qitecl^dher^ Germ. 

Mercury* is a metal of a ill very-white colour, 
and fluid at the ufual atmofpherical temperature. 

I . Ores of Mercury.^ 

Sp. I. Native Mercury. Mercure notify 
Broch. Gediegen Quechfdher^ Wern. 

Its colour is between tin and filver-white. It 
occurs diifeminated in globules of various fizes, 

*K.laprotht * Lenz. Bora. Bmmerliiif. 


or collected In the cavities of mines. It has a 
very brilliant tnetallic luftre^ is opake, perf^Iy 
fluid, cold to the touch, and docs not adhere to 
die fingers. Sp. gr. 13.56. 

Native mercury is general^ very pure, but 
fometimes it contains a little nlve^, thus form- 
ing an intermediate variety between this fpecies 
and the next. In proportion to tlie amount of 
the filver its fluidity is diminifhed. 

It occurs in marlite, calcareous fpar, indu« 
rated clay, argillaceous fchifti^ quartz, &c. 
accompanied for the molt part Sy ^nabar and 
pyrites. 

It is met with in the mines of Idria in Car- ' 
niola, at Mofchellandfberg in Deux Ponts^ 
Almadcii in Spain, and Guanca Velica in Peru* 
2. Native Amalgam. Amalgame tiatif^ 
Broch. Naturliches Amalgam^ Werm. Mer^ 
cure Argental^ Hauy. 

Its colour is filver-white or greyifh, fometimes 
iridefcently tarniflied. It occurs rarely in mafs, 
more commonly difleminated, invefting, in fmall 
veins or cryftallized. The forms of its cryflals 
are, 

1. The regular o£tohedron truncated on 
the edge% 

2. The rhomboidal dodecahedron. 

3. The preceding truncated on the edges. 

The cryflals are fmall and very fmall, and 

for the moft part ill determined. Its furface 
varies from much to little fhining, according as 
it is fmooth or rough. Internally it is fhining 
or little iliining, with a metallic luflre. Its 
fra£ture is uneven, pafling into flat conchoidal. 
It is foft, often very foft. It is more or left 
brittle according to tnc proportion of filver that 
it contains. It creaks when' cut^ and is very 
heavy. 

On expofure to the blowpipe the mercury 
is volatilized, and a bead of pure filver remain: 
behind. A cryftallized fpecimen, analyfed by 
Klaproth, afforded 

Silver 36 
Mercury 64 

lOQ 

In fome of the pafty femifluid varieties how- 
ever, the proportion of filver is as low as 10 
per cent. 

It has fometimes been miftaken for native 
filver, but may be at once diftinguifhed by its 
property of whitening gold when rubbed upon it. 

It occurs only in thofe mines where veins of 
mercury aure croficd by or mixed with others of 
Broch^^ Kirwan. Hauy. Jamef^a. 
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filrer. Hence it never occurs in the mines of 
Idria or Almaden, but is far from rare in thofe 
of Rofenau, in Upper Hungary ; it is alfo m6t 
with at Sahlberg in Sweden, Mbrsfeld, in the 
Palatixtate, and Mofchellandiberg, in Deux 
Fonts. 

It is ufually found in red and grey indurated 
clay, accompanied by native mercury, fpathofe 
iron ore, grey antimony, and grej^ copper. 

Sp. 3. Liver-coloured mercurial ore. Queck-- 
Jilber leberen^ Wern. Mercure hepatique^ liroch. 
Of this fpecies there are the two following 
varieties. 

1 l^ar» Coihpaft. 

The colour is intermediate between dark 
cochineal red and lead-grey. It occurs mailive. 
Internally it has a glifteiiing femi-metallic luitre. 
Its fracture is even, palling into fine grained 
uneven, or imperfectly flat conchoidal. Its 
fragments are indeterminately angular, fome- 
what blunt edged. It is opake \ receives a 
poliih by fri£l:ion, and gives a ftreak of a co» 
chineal red colour. It is foft, may be cut by a 
knife, and is eafily frangible, fp. gr. 7. 1 8 to 7.93 . 

a Var, Slaty. 

Its colour is die fame as the precediM, only 
a little more red. It occurs in mafs. Its lon- 
gitudinal fra£bure is Ihining with a metallic 
luftre I its crofs fra£lure is only glimmering. 
Its longitudinal fra£lure is thick and curved 
flaty ; its crofe fra6>urc is compa6i and even. 
Its fragments are llaty; it is opake, and very 
cafily frangible. 

Both thefe varieties are mixed with cinnabar, 
native mercury, iron pyrites and clay. The 
produce of mercury varies from lefs than 20 to 
more than 70 pea cent; the compafb is ufually 
the richelt, containing a lefs proportion of 
earthy matter than the other. It has not been 
analyfed with much accuracy, but it appears 
that at leaft a confiderable portion of its mer- 
cury is in the (late of Ample red oxyd. 

It occurs in abundance at Frioul in Iftria, 
Almaden in Spain, in the Duchy of Deux Fonts, 
and Nertfchinflc in Siberia. 

‘ Sp*. 4. Bituminous mercurial ore* 

Of this, there are the two following varieties. 

1. Var. Brandera. 

This is a kind of coarfe coal of a reddi(h<- 
black colour. It occurs in mafs, or in balls dif- 
feminated through, bituminous (hale. When 
heated it takes fire,, and burns with a white 
flame. 

2. Var. Corallenera. 

Tliis is tlic bituminous (hale in which the 
balls of the preceding variety are implanted,. 


and, like that, it burns when heated, with a- 
white flame. 

The bituminous mercurial ore occurs at Idria 
in Carniola, and Nertfchinlk in Siberia, in con- 
fiderable abundance : it contains from 2 to 20 
per cent, of mercury. It has not been analyfed, 
but it is certain that part of the mercury that it 
contains is in the native (late, the roll is fiippo- 
fed for the mod part to be in the date of mui iav 

Sp. 5. Cinnabar. 7 ,imwbgr^ Wern. Cin-> 
nabre^ Broeb. 

Of this tliere are the three following fub- 
fpecies. 

I. Znbfp, Common, or dark red, C. Dun- 
kel rather^ Z. Wern. 

Its colour is cochineal-red, which in fome 
varieties pafles to carmine-red, and in others lo 
lead-grey. It occurs in mafs, dilfeminated, iii- 
v^ding, cellular, dendritic or crydallized. 'Fhc 
primitive form of its crydals is the regular hex- 
ahedral prifm, befides which the following 
varieties occur. 

1. The fame with- three alternate terminal 
edges of the prifm deeply bevilled. 

2. A tetrahedral pyramid. 

3* An o£lohedron, compofed of two tetrahe- 
dral pyramids 

4* A Angle trihedral pyramid. 

5. A double trihedral pyramid, either with 
or without an intervening trihedral prifm. 

6. The fame as tz/ir. i. curved into a lenti- 
cular form by the addition of feveral irregular 
truncatures. 

The crydals are fmall, and very fmall, and 
ufually occur in cludcrs. The crydals are* 
fplendcnt externally and internally, arc more or 
lefs ihining with almod a femi-mctallic ludre. 
Its fradlure is fine-grained uneven, fometimes 
even and conchoidal ; alfo as it approaches to 
the crydalliiie date, more or lefs perfc£lly foli- 
ated. Its fragments are indeterminate and 
blunt -edged. The foliated varieties prefent 
fine-grained didin£l concretions. The maflive 
cinnabar is opake, or at mod. tranflucent on the 
edges ; the crydallized is tranflucent, and femi— 
tranfparent. It acquires a luttre by fridlioii,. 
and when pulverized is of a fcarlet-red colour.. 
It is foft, may be 'cut with a knife, and is cafily 
frangible. Sp gr. of the compafl, when mode- 
rately pure, 7.2 to 7.3 ; of the crydallized, .10. 1 2.. 
Its condituent parts according to Lampadius 
are 81. Mercury 

15,2 Sulphur 
4.7 lyon. 

loc >9^ 
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Before the blowpipe it is almoft entirely 
volatilizable with a blue flame, and a fulphu- 
rcous odour. 

Cinnabar occurs in two diftinfl rock-forma- 
tions. It is found moil abundantly in the 
independent coal-formation : alfo in beds inter- 
pofed between primitive argillaceous fcliiftus 
and chlorite flate, accompanied by quartz, cal- 
careous fpar, fpatliofc iron, micaceous iron, and 
iron and copper pyrites. 

The moll abundant European mines of Cin- 
.nabar are at Idria in Carniola, and Alinadeii in 
Spain, in the independent coal-formation. It 
occurs more fparingly in primitive llrata at 
Mdrsfeld in the Palatinate, Mofchellandfberg 
in the territory of Deux Fonts ; alfo in Saxony, 
Bohemia, Hungary, and Tranfylvania. It is met 
with in Japan, jKamtfchatka, and Siberia in 
Alia, and near Guanca Vclica in Peru. 

2. Subjp. Fibrous cinnabar. Hochrother^ Z* 
Worn. 

Its colour is bright fcarlet, palling to crlmfon 
and Aurora-red. It occurs in mafs and difle- 
minated. Internally it is glimmering with a 
filky luftre, but its crofs fra£lure is dull. Its 
frafture in one dire£lion is fine-grained earthy, 
in the other is minutely fibrous. . Its fragments 
are indeterminately angular, blunt-cdged ; it is 
ppakej acquires a flight polifli by fri£lion, and 
wJien pulverized is of a fcarlet-red. It ftains 
the fingers in a fmall degree ; is very foft, pafling 
to friable j may be cut with a knife; and is of 
great fpccific gravity. 

It is a rare mineral, and is always accompa- 
nied by the preceding iubfpecies : it is princi- 
pally found in the Palatinate. 

3. Suhfp. Hepatic Cinnabar. Cinnabre alca- 
lifiy Born. 

Its colour is bright-red ; it occurs in mafs ; 
its frafture is foliated ; its fragments are rhom- 
koidal ; it is tranfparent. By friftion it exhales 
a very flrong odour of fulphuretted hydrogen. 
It occurs in white calcareous fpar at Idria in 
Carniola. 

. Sp. 6. Horn Mercury. Qtteclftlber Hornerz^ 
Wern. A£ne de mercure cornet y Broch. 

Its colour is afli-grey, paflTing into ycllowifli- 
grey, greyxfli- white, and greenilh-grey ; when 
penetrated as it fometimes is with native mer- 
cury it is blackifti-grey. It occurs very rarely 
io mafs, moil frequently in fmall and thin tu- 
bercular crufts, the cavities of which are lined 
with minute cryftals, alfo in fmall globules 
formed by the aggregation of cryftals. The 
only well afeertained form of its cryftals is a 
dodecahedrbai compofed of a four-fided prifm 


terminated by tetrahedral pyramids : the. planed 
of the prifni are hexagons, tiiofe of the fummits 
arc rhombs. 'Phe cryftals are generally very 
fmali and fplendcnt. Internaliy they are fpien- 
dent with a diamond luitre, paiiing fometimes 
to metallic. The frafbure as far as it can be 
ohferved is ftrait lamellar. It fometimes pre- 
fents fine-grained diitindl concretions. It is 
faintly tranflucent; foft; may be cut with a 
knife, and is eafily frangible. 

On expofure to the blowpipe it is totally 
volatilized without decompofition. Ic is folublc 
ill water, and the folution gives an orange- 
coloured precipitate with lime-water. 'Ihe 
only analyfis of this mineral that we poilefs is 
an imperfe£l one by M. Woulfe, the difeoverer 
of it, from which it may be concluded, with 
confiderablc probability, that it confiils when 
pure of about 

64 Sulphat of mercury 
36 Muriat of mercury 

100 

It occurs in the quickfilver mines- of the 
Palatinate, and Deux Fonts; at Idria, Horfo- 
witz in Bohemia, and Spaiit. 

§, 2* jlnal^s Qfid AJfay* 

There arc no very exadl analyfes of any of 
the mercurial ores, but the following methods 
of examining them feem to be liable to little or 
no objeftion. 

Tlie native tnerenry and native amalgam may 
be thus analyfcd. Let the ore be digeited in 
moderately ftrong nitric acid, which will take 
up the mercury, and filver,^and bifmuth, if 
there fhould chance to be any prefent : a minute 
quantity of gold may alfo be contained in the 
argentiferous mercury, which will be left un- 
touched at the bottom of the folution, in the^ 
form of a brown powder. The nitrous folution 
being concentrated by gentle evaporation, till, 
it is on the point of cryllallizing, is to be poured 
into a large quantity of pure water, by which 
the bifmuth will for the mod part be feparated. 
Having thus got riel of the bilmuth, add to the 
filtered liquor a folution of common fait or any 
other neutral muriat, by which both the filver 
and mercury will be thrown down in the ftate 
of muriat. This being feparated, drop into the 
clear liquor fome carbonated alkali as long as 
any precipitate takes place, then boil the liquor, 
and feparate the precipitate by filtration. 'Phe 
muriatic precipitate is now to be digefted m 
moderately dilute nitro-muriatic acid, which 



MER 


ME It 


( 73 ) 


will take up erery thing but the muriat of filvcr^ 
from which, when walhed and dried, the 
amount of filver in the ore may be readily 
afcertained. Now decompofe tho nitro-muri- 
atic folution at a boiling heat by carbonated 
alkali, and add tlie white precipitate thus ob-* 
tained to the other carbonated precipitate ; mix 
thefe with a little oil or fugar (the latter is the 
belt) and proceed to diitillation in a fmall 
coated glafs retort ; raife it gradually to ignition, 
and continue it at that temperature as long as 
any mercury comes over. What remains be- 
hind is a little metallic bifmuth and charcoal. 

Ctnnahar may be analyfed in the following 
manner. After being reduced to a line powder, 
let it be digeited repeatedly in a mixture of 3 
parts muriatic acid and 1 nitric, the whole 
moderately diluted; by this every thing wHl be 
tlken up except the fulphur and the (ilex. 
This relidue being wallied, dried, and weighed, 
is to be ignited, and the remaining lilex being 
dedu£ted, the difference of weight indicates the 
amount of the fulphur. The nitro-muriatic 
folution being decompofed by carbonated alkali 
at a boiling heat, and the precipitate thus ob- 
tained being mixed with a little lamp-black and 
dillilled, the mercury will pafs over in the me- 
tallic Hate : what remains in the retort is mag- 
netic oxyd of iron, and the cafual earth (excep- 
ting filex) contained in the ore, together with a 
little charcoal, which may be feparated in the 
ufual way. 

The liver-coloured and hituminous ores may be 
treated exaftly in the fame manner as the pre- 
ceding ; but as thefe ores fometimes contain a 
little lilvcr, the matter infoluble in nitro-muri- 
atic acid may be not merely fulphur and lilex 
but muriat of ^Iver ; after therefore the fulphur 
is burnt off^ the relidue mixed with twice its 
weight of pearlafli is to’ be ftrongly ignited in 
an earthen crucible, and then treated with 
dilute muriatic acid wliich will take up the 
alkali and earth leaving behind the lilver in 
fmall metallic grains. 

The belt way of analyfing the horn mercury 
is to digell it in a little dillilled vinegar, 
by which the native mercury which is fome- 
times difperfed through it will be left behind. 
To the clear folution add nitrat of barytes, 
which will feparate the fulphuric acid in the 
(late of fulphat of barytes : this being taken out, 
drop in nitrat of filver, which will leparate the 
muriatic acid in the Hate of muriated filver. 
The mercury, now in the Hate of nitrat, remains 
in folution, and may be exhibited in the metal- 
lic (late by precipitating it by means of iron 
and fubfequent walliing in muriatic acid ; or 
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by throwing it down by a carbonated alkafi^ 
and dilliUing the precipitate with a little !amp« 
black. 

The alTay of mercurial ores in the dry way 
IS very Ample. The fpeexmen being pulverized, 
and accurately mixed with of its weight of 
quicklime and an equal portion of iron filings 
is to be pretty (Irongly ignited in an iron or 
earthen retort as long as any mercury comes 
over into the receiver. 

3. ReduEliofi of ores* 

The modes of extracting tne metal from the 
ores of mercury are very fiinplc. T he firfl: 
that we (liall mention is the bell and mod feien- 
tilic, and praClifed at the mines of Deux Fonts, 
ami of idria. 'Fhc ore being brought out of 
the mine, is forted by hand with coiifider- 
able accuracy, rdedling thofe parts that appear 
to be dellitutc of metal, 'lliis is an expenlive 
and rather tedious procefs, but has ruperfeded 
the ancient method of feparating the cinnabar 
by walliing, on account of the prodigious lofs 
of metal in tliat operation. The mrted ore 
being reduced to powder is carefully mingled 
with y more or lefs, according to the proportion 
of cinnabar contained in the ore, of quicklime 
which has fallen to powder by expofure to the 
air. This mixture is then put into iron retorts, 
capable of holding about 60 lbs. weiglit, which 
when thus charged, are fixed in a long furnace, 
to the number of 40 or 50: a glafs receiver 
being then attached to each retort, but not 
luted, a gentle fire is applied in order to drive 
out all the moillure ; when this is elFeCled, the 
junClure of the velTels is clofely Hopped with 
tempered clay, and a full red heat is applied for 
feven or eight hours, at the expiration of which 
time all the mercury will have been volatilized 
and condenfed in the receiver. The common 
produce varies between fix and ten ounces of 
metal from 100 lbs. of the ore. 

The method pra£lifed at Almaden, in Spain, 
diflers confiderably from the preceding, and Ls 
much more rude and inartificial. The pieces 
of pure clnnaVar being firH picked out from the 
ore, in order to be difpofcci of to the painters, 
and manufacturers of fealing wax, the reH is 
forted into three parts, the lirll is the richcH. 
and is in pieces of a moderate fizc, the fccoiul 
is in fmaller pieces, and lefs abounding in metal, 
the third is tl^c diiH and fmallcH fragments of 
the other two, uhich are kneaded up witii clay, 
and formed into bricks, tliat arc dried carefully 
in the fun. Tho furnace ufed for extraCion 
of the mercury is an oblong mafs of niafonry, 
divided horizontally into an upper and lower 
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compartment by an iron grate, and communU 
catin{( near its top with a fct of aludels. The 
charging of the furnace commences by laying 
on the grate a ftratum of flat rough ftones, leav* 
ing intervals between each for the palTagc of 
the fire : upon this is laid a bed of ore of the 
fecond quality, then the ore of the firil quality, 
afterwards another bed of the fecond kind, and 
at the top of all a layer of the third kind made 
up into bricks. A few faggots are now thrown 
into the lower cavity of the furnace and lighted, 
which, in proportion as they are confumed, are 
fuccecded by others, and thus a gentle fire is 
kept up for 8 or la hours, according to the pre- 
vious drynefs of the ore. When the moifture 
is got rid of, which is known by the ceflation 
of the vapour, the fire-place is again filled w'ith 
faggots, and, before thefe are confumed, tlie 
mats of ore will be fufliciently heated to con- 
tinue the combuftion by means of the fulphur 
that it contains without any additional fuel. 
During the next two days, as the fulphur llowly 
burns away, the mercury, in the ftate of vapour, 
pafies into the aludels where it is condenfed ; 
and at the end of this period, all the metal 
being extrafted, the fcorix are taken out of the 
furnace, and the aludels are emptied of their 
contents. Befides the mercury, a confiderable 
quantity of a black matter like foot is found in 
the aludels, which is readily feparated by fpread- 
ing the whole about on an inclined table : the 
mercury runs to the lower end, where it is col- 
le£ted in a channel, while the impurities remain 
behind. 

The confumption of fuel and coft of appa- 
ratus is confiderably lefs than in the German 
method, but it is probable that a portion of 
mercury ftill remains in the ore. A great lofs 
is alfo fuftained by throwing away the foot after 
feparatiiig the running mercury on the tables, 
for not only many globules of the metal muft 
efcape notice, but alfo the calomel, cinnabar. 
See, which it contains, are entirely wafted. 
This foot, previous to the feparation of the 
mercury, coiififts, according to 5*’ouft**, of 
Mercury . . 66 

Calomel . • i8 

Cinnabar. • . i 

Water 8c fulphureous acid 2.5 
Sulphat of ammonia 3.5 

Lamp black • 5 

Selenite # . . i 


100.0 

Hence the obvious way of turning it to moft 


profit would be firft to diflblve out the fedphat 
of ammonia, which might be difpofed of to 
great advantage to the fal-ammoniac makers, 
then to mix the reft with Z2 or 15 per cent, of 
quicklime, and diftill it in an iron retort, by 
which procefs not only the whole of the running 
mercury would be driven over, but alfo that 
arifing from the decompofition of the calomeF 
and cinnabar. 

On account of the fluidity of mercury it can- 
not be conveyed from place to place without 
extraordinary precautions. The method of 
packing it is as follows. A frefii found fheep- 
ikin with the hair taken ofFis laid over a wooden 
bowl, and from 50 lbs. to 75 lbs. of mercury 
are poured into it ; the ends of the fkin are 
then gathered up, and tied together with great 
care, thus forming a fort of bag in which the 
metal is inclofed} this bag is inclofed in a 
fecond fkin, and the fecond in a third : laftly, 
thefe bags are put into very tight barrels, ca- 
pable of holding from two to four of them, and . 
in this ftate are brought into the market. 

§. 3. Ph^cal and Chemical properties. 

Mercury is a metal alw^s fluid at the tem« 
perature of our climates, of a white* and per- 
fe£riy refplendent poliflied furface, fo as to 
refleffc with extreme brilliance all objefts, and 
is without fmell or tafte in the metallic ftate.. 
Its fpccific gravity is 13.56. Its expanfion 
by heat is on the whole very regular till a 
confiderable diftance above the point of boil- 
ing water, and hence its ufc iiv the conftruc-f 
tion of thermometers. When expofed to a cold 
of about — 39 it folidifies, and when liard frozen 
it will bear gentle blows with a hammer, fufli- 
cient to prove its malleability*, though' in fo • 
doing tlie fri£dion foon heats it enough to make 
it reaflume the liquid ftate. Mercury boils at 
about 660®, and, if pure, totally evaporates 
without any refiduum : but the vapour focn 
condciifes upon the adjacent bodies, coating 
them with a white dew, . which is found by 
the nnerofeope to confift of myriads of minute ' 
globules. When the galvanic fluid from a 
powerful apparatus is piifled into mercury by 
immerfing the condudliing wire into this fluid 
the mercury difperfes in beautiful, brilliant, 
luminous ftars, which feems to fhew that this is 
a combuftible metal. 

Mercury is fcarccly if at all changed by mere 
expofure to air for any length of time, but if it • 
be long agitated in any vefl'el it is flowly reduced 
to a black duft, foiling the fingers, which, how^ 
ever, on being heated, returns again to the ftate 
of running mercury. Boerhaave was the firft 


^ An. de Cbixn. iv. p 2s6. 
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%rho performed ihis experiment by faftening a 
bottle half full of mercury to a mill wheels and 
thus giving it a very long continued and violent 
fhaking. The fame has oeen done by faftening 
it to the wheel of a carriage during a long 
journey. Dr. Prieftley^ found this black powder 
to be formed in a variety of circumftances by a 
Jong agitation of mercury in phials with water, 
alcohol, &c. This powder heated gradually on an 
iron plate became of an uniform orange colour, 
and when digefted in muriatic acid, it gave ex- 
a&ly the fame appearances as the red oxyd, the 
precipitate per fe. This black mercurial powder 
is ftated by Fourcroy^ to be compofed of 96 
parts of mercury and 4 of oxygen, though by 
others it is conGdered as mercury (imply in a 
ftate of extreme divifion. Mercury is brought 
to the fame ftate by being rubbed for feme 
time with lard, gum arabic, honey, manna, ve- 
getable extract, or any other clammy cohefive 
matter, which foon becomes black, or rather of 
a dark (late blue, by the divided metal. In this 
way mercury is conftantly prepared for medi- 
4cinal purpofes. 

Another and very important oxyd of mercury 
is made by keeping it nearly at its boiling point, 
and at the fame time with fufticient accefe of 
air. This is generally performed in a very flat 
bottomed matrafs with a tall neck, the mouth 
of which is unftopped, and which is fet on a 
fand-heat, and kept there for many days. In 
this procefs as a certain renewal of the atmo- 
fpheric ,air is required on the one hand, and on 
the other as the efcape of the vapour of the 
boiling mercury (hould be prevented, it is rather 
.difEcult to contrive the beft form of vcflel for 
preparing it. V the neck be very narrow there 
is fcarcely enough change of the air in conta£): 
with the mercury, fo that on the whole it feems 
preferable to ufe a retort with the bottom flat- 
tened, and the neck only (lightly bent, that the 
condenfed globules of mercurial vapour may 
fall back into the veflel.® When the mercury 
has boiled for a few hours, a dull (ilm forms on 
its furface, giving it the appearance of tarnilhed 
lead, and in about 48 hours after, fmall cryilals 
of a dark brown or (Ica-colourcd oxyd appear 
floating on the furface, which gradually incrcafc 
till they form a friable cruft over the whole of 
the metal. It is economical at this time to 
empty the retort, and feparate the oxyd, which, 
when carefully collected, (Iiould be heated on an 
open pan in a heat juft ^low viGble rednefs, to 


di(fipate the globules of uncalcined mercury 
which may be entangled within the cryflals. 

This brown oxyd is called Calcimd Mercury 
or Precipitate per fcj and is a perfc£tly pure 
oxyd of this metal of a dull ruby colour, and 
oftenregularly cryltallized either in oAobedrons 
or in lengthened foiir-Cded pyramids. It con- 
(ifts, according to LavoifierS of about 92 pec 
cent, of mercury and 8 of oxygen. If this oxyd 
is kept fome time gently heated with conta6b of 
air it becomes brown, and with a ftronger heat 
(ftill below rednefs) it partly fublimes of a fine 
red. But when the heat is raifed to rednefs the 
oxyd gradually difappears, oxygen gas of great 
purity is given out, and the metal returns to 
the reguline ftate, and may be coilefled in drops 
of running mercury. 1 nis experiment which 
from its fimpliclty is one of the mod unexcep- 
tionable in fupport of the prefent theory of the 
oxydation of metals, was employed very early 
by Lavoifier, as will be mentione^l under the 
article Oxygen. 

When this oxyd is rubbed with running 
mercury^ both fubftances lofe their peculiar 
form, and the refult is a black powder refem- 
bling in every refpe£l the black oxyd procured 
from this metal b^ trituration, the red oxyd 
parting with a portion of its oxygen to the frefti 
mercury, and each being thereby converted to 
the black oxyd. 

Another oxyd of this metal, very clofely 
refcmbling the precipitate per is prepared by 
diftilling nitric acid off this metal, which forms 
that beautiful red powder called Red Precipitate^ 
or Red Nitrous oxyd of mercury. It is however 
not abfolutely pure like the laft, but always 
contains a very minute portion of nitric and of 
muriatic acid, and hence when reduced by dif- 
tillation in a red heat, fome azotic gas is giveti 
out, together with a little vapour of corrofive 
fublimate, owing to the muriatic acid from 
which tlie nitric acid is never abfolutely free. 

The oxygen gas from each oxyd alfo holds 
in folution a fmall portion of mercury in the 
ftate of vapour, which is gradually depofited, 
but is fufTicicnt, when recent, to caufe a faliva- 
tion in the perfons that frequently inhale it. 
The exa£l preparation of tlie red precipitate 
will be prefcntly noticed. 

Water either hot or cold has no afcertainable 
efied upon mercury, but if common mercury, 
which generally contains a little alloy of other 
metals, DC boiled with water, the latter becomes 


• Oa Air, vol.iii* p. 468. ^ Jour. 4et Mines, No. 70 . • Higffrin's Minutes. * Elements of Chemiltry. 
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turbidi acquires a metallic tafte^ and vrith^ it 
thrower of deftroying infedls. 

T^e falts produced by the union of mercury 
urith the diuerent acids have been more exa- 
mined than thofe of perhaps any other metal^ 
and require to be deferibed fomewhat at large. 
*Ilie Sulphuric acid has no aftion on mercury m 
the coldj but when heated^ folution immediately 
begins^ attended with a copious production of 
fulphureous acid vapour» which vapour received 
in water produces the liquid fulphureous acid 
in grea t p urity, which is often prepared in this 
ivay. Tile mercury of courfe becomes oxyge- 
nated by the deox vgenat ion of the acid, and the 
oxyd dillblves in tne remaining acid forming a 
fulphat of mercuiy. There are however as has 
been ihewn by (everal chemiils, and particu- 
larly by the accurate experiments of Fourcroy, 
feveral di(lin£b falts and combinations of ful- 
phuric acid and oxyd of mercury produced 
either by the proportions of the ingredients, or 
by the heat employed. Two parts of mercury 
to three of ftrong fulphuric acid are the pro- 
portions generally ufed. If the diftillation of 
the acid from oflF the metal is ftopped when the 
mixture has become a white faline mafs, but 
before it is a£tually dij, the fait is very acrid 
and corrofive, with a ftrong excefs of acid, and 
deliquefces if expofed to the air. In this ftate 
it is called by Fourcroy the jfeid Sulpbat of 
Mercury^ or as we (hall liere term it the fuper^ 
fulphat of Mercury, This fait may contain a 
variable proportion of acid, and it is more fo- 
luble in water as the quantity of acid is greater. 
On the average it requires about 155 parts of 
cold water and only 33 of boiling water, and 

1 rives an orange precipitate with the fixed alka- 
ies. If this fait be wafiied with a much fmaller 
quantity of cold water than isneceflary to diilblve 
it, it lofes a part of the mercurial oxyd to- 
gether with the whole excefs of acid, an<l if the 
wafiiing be continued with fmall dofes of water 
till the liquor ceafes to turn blue vegetable 
colours red, and to give any proof of acidity, the 
fait that is left is found to be much changed in 
its nature. It is now white and not very acrid, 
i^equires for folution as much as ^00 parts of 
cold,, and about 250 of boiling water, and when 
cryftallizod from the hot faturated folution it 
Mpears in fine acicular prilins, which when 
^y, contain according to Fourcroy (the difeo- 
verer of this fait) 7^ parts of mercury, 8 of 
oxygen, 12 of fulphuric acid, and 5 0/ water. 
The pure alkalies and lime-water aUb precipi- 


tate the metallic oxyd of a grey colour. In ttiiili 
fait the acidmnd metallic oxyd appear in a ftate 
of mutual faturation, and nence it (hould be 
termed fimply fulphat of mercury. As it differs 
from the fuper fulphat merely by loGng the 
excefs of acid, 10 it may readily be reftored to 
that ftate by adding acid, and then its folubility 
in water proportionally increafes, and it gives 
an orange precipitate by alkalies. 

There is ftill another fulphat to be noticed* 
If tlie white faline mixture of fulphuric acid 
and mercury, or the fuper-fulphat above de- 
feribed, be urged ftill further in the fire in a 
heat confiderably above- that of boiling water, it 
arts with a ftill greater portion of acid,' and 
ecomes a dry hard ^rey mafs. 

If this be taken from the fire and boiling 
water poured on it, it immediately falls into, a 
lemon-yellow powder, which, when well edul- 
corated with cold water, forms a well-known 
mercurial preparation, the Turbith mineral^ or as 
Fourcroy names it, the fulphat of mercury with 
excefs of oxydy or in other words, the fuhfulphat 
of mercury. In making this preparation it is 
efiential that all the excefs of acid Ihould be 
driven off by heat before the boiling water is 
added, otherwife the change of colour takes 
place very (lowly and partially, and the water 
dilTolvcs the remainder. 

Turbith mineral approaches very nearly to 
the ftate of a fimple oxyd ; however it ftill re- 
tains a portion or acid, and hence, when heat- 
ed ftrongly without addition, it gives out water 
and fulphureous acid gas, after which comes 
over a confiderable quantity of oxygen gas, and 
laftly the reduced mercury diftills over in its 
metallic form. Turbith alfo differs from both 
the fuper fulphat and fimple fulphat of mercury, 
in being diflblved and decompofed by the nitric 
acid. It is likewife nearly infoluble in water, 
though, according to Fourcroy, a folution is 
effedted by 2coo parts of cold water. When 
rubbed with running mercury the globules of 
the latter difappear, and the whole is changed 
to a black oxyd. A hundred parts of turbith 
contain 10 ol fulphuric acid,** 76 of mercury, 
1 1 of oxygen, and 3 of water. 

The atHon of ammonia upon the fulphats, 
and on moft of the other falts of mercury, is 
interefting and fomewhat complicated. The ex- 
periments of Fourcroy have alfifted materially 
in explaining this fubje£i. When ammonia is 
added to a neutral fait of mercury (the fulphat 
for example) three feparate adtions tak^ places 


^ Fourcroj. 
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it'K. one portion of the alkali ads (imply as an 
alkali in decompoiin|^ the fait by uniting with 
the acid and precipitating the metallic oxyd : 
~2dly9 the precipitated oxyd is entirely de- 
compofed by, and together with) another portion 
of the ammonia, the hydrogen of the ammonia^ 
uniting with the oxygen of the metal, and re^ 
ducing the latter to the metallic (late, whilft the 
azot of the alkali efcapes in the gafeous form r 
and 3dly, another portion of the ammonia unites 
with the entire fait without decompolition, 
forming a triple fait,, the ammoniaco-futphat of 
mercury. The reduced metal is in a ftate of 
extreme divifion, and is always of a dark blue 
or black colour, but by a magnifier the di(lin£fc 
globules of the metal may be feen. The black 
colour always afliimed by almoil all the falts of 
mercury, on adding ammonia, is therefore a 
proof of a partial reduftion of the metah 

Hence when ammonia is poured into a folu^ 
lion of the neutral fulphat of mercury, a copi- 
ous grey precipitate is depofited, which, ex- 
pofed to the fun, is partly reduced to globules 
of mercury, whilit a grey powder remains. 
This grey powder is a triple fait, the ammo- 
siiaco-fulphat of mercury. If a gre-at cxccfs of 
ammonia is added, this fait is entirely redif- 
folved, and the black reduced mercury is 
left pure. The fame triple fait is formed by 
adding ammonia to the folid fulphat of mer- 
cury, which then effervefees ftrongly (owing 
to the efcape of azotic gas) and the fait breaks 
to pieces with a fnapping noife. If the liquor 
which holds the triple fait in folution by means 
of the excefs of ammonia be evaporated gently, 
the excefs is volatilized, and the triple fait is 
depofited, aftei^ fome hou ’S (landing, in bril- 
liant hard polygonal cryllals. If, inftead of 
waiting for this gradual cryftalHzation, much 
cold water be added to the folution, it becomes 
at once milky, and the fame fait is depofited, 
only differing from the former in being pul- 
verulent inftead of cryftallizcd. If perfediy 
neutralized fulphat of ammonia be poured upon 
equally neutralized fulphat of mercury, a copi- 
ous white precipitate is foi*mc<l, which is the 
triple fait above-mentioned, and the fupernatant 
.liquor now contains a fenfible excefs of fulphu- 
ric acid, a very ftriking proof of the ftrong ten-^ 
dency of ammojiia to unite with fulphat of 
mercury, (ince the affinity of the mercurial 
fait for the alkali, affifted by the confequeiit 
fnfolubility of the triple compound, is here 
fuflicient to overcome the affinity of the alkali 
for the acid with which it was previoufly fatu- 
xated. 

The ammooiaco-mercurial fulphat has a pun« 


gent and ftyptic ^afte, is fcarcely foluble la 
water, is partially (but not entirely) decom* 
pofed by lime and the fixed alkalies, and is 
compofed of i 8 per cent, of fulphuric acid^ 
33 of ammonia, and lo of water, the remainder 
being oxjrd of mercury. When heated to* de- 
compofition, it gives out ammonia, azotic gas> 
running mercury, and a little fulphite of ammo- 
nia. 

The red and yellow oxyds of mercury are 
foluble in dilute fulphuric acid when heated^ 
but without the evolution of fulphureous acid 
gas. When the folution is complete, it does 
not differ from thole made with this acid and 
metallic mercury. 

The liquid fulphureous acid has no a£lion 
on reguline mercury. When poured on the 
red oxyd, the latter becomes immediately 
white, owing to a partial difoxygenation, fince 
at the fame time the acid lofes its fulphureous 
fniell. If much of the acid is added, and the 
mixture be expofed to the fun’s rays, the oxyd 
is reduced even to the metallic (late, and the 
liquor contains naked fulphuric acid. 

The nitric acid diflblves mercury with great 
eafe, with or without the affiftance of heat, 
and various important combinations arife from 
the union of tliefc fubftances. When mercury 
is put’ into colei nitric acid moderately diluted, 
a ftrong mutual a£lion begins immediately, but 
as long as no heat is ufed, very little nitrous 
gas is given out. After (landing fome hours 
the acid becomes faturated, when it has dif- 
folved about as much mercury as there was of 
concentrated acid employed. This folution is 
very heavy, clear, and colourlefs ; it ftrQpgIy 
corrodes animal and vegetable matters, smd 
when evaporated it fvirnifhcs very heavy nearly 
tranfparent cryftals of nitrated mercury, the 
form, of which varies extremely, according to 
the heat and other circumftances of evaporation, 
but if this is performed (lowly the cryftals are 
often very large and beautiful, in the form of 
flattened truncated pyramids. As but little 
nitrous acid has been dccompofed in making 
this folution (only a fmall quantity of nitrous 
gab having been given out) the metal is in a low 
(late of oxygenation, and the folution mixes 
with water without any turbidnefs. In this 
(late the pure fixed alkalies give a ycliowilh-white 
precipitate, and ammonia a greyj(h-black one. 

But if (even with the fame proportion of 
mercury to acid) a broiling heat has been ufed 
during the folution, nitrous gas is given out 
very copioufiy, and the folution when complete 
contains therefore the metal in a much higher 
ftate of oxydaiion than in the cold folution,. 
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mtd ii fmaller relative proportion of acid. It is mealy fubftancet which is found to refemUb' 
nlfo much altered in its properties, for on di* exad^ly the yellow fub*nitrat feparated from the 
iution with water it lets fall a precipitate of a yel* folution made with heat, by the afFufion of 
lowifli- white colour with cold^ and orange-yellow water. Hence it appears that the cryftallizedmetal 
with boiling water (nearly as the turbith is made gradually abforbs oxygen from the' air, and in fo 
witK the fulphat of mercury,) which precipitate is doing lofes its ready iolubility in water. An ex« 
compofed of nitric acid with a great excefs of cefs of nitric acidoppofes this ^ontaneouschange. 
anercurial oxyd, and may be called the infoluhle With ammonia efFe£ls are produced on the 
ftdb-mtrat of mercury. The difference between nitrat of mercury Ibmcwhat fimilar to thofe on 
thefe two folutions was firil noticed by Bergman the fulphat. If much of this alkali is added 
in his valuable Effay on the Analyfis of Mine* a<copious black precipitate is produced, but if 
ral Waters.* But when heat is ufed, the acid only in fmall quantity the precipitate is grey, 
alfo becomes able to take up a much greater This is an ammoniaco-mcrcurial nitrat fcarcely 
quantity of mercury, withthis difference however^ foluble in water, mixed with a black mercurial 
that if the folution be firft made with heat, the powder, nearly reduced to the metallic llate^ 
difengagement of nitrous gas ftops long before The fame grey precipitate is obtained by mix- 
the acid is faturated, fo that the latter portion ing nitrat of ammonia with nitrat of mercury, 
of mercury does not appear to decompofe any The folution yields by evaporation prifmatic 
siitric acid in order to be diffolved, as Scheele cryftals, compofed, according to Fourcroy, of 
has accurately obferved. Nitric acid therefore, 68.a of oxyd of mercury, i6 of ammonia, and 
boiled. on more mercury than it can diffolvc, is 15.8 of nitric acid and water. 

. iiiperfaturatcd with mercurial oxyd, but as the When the cryftallized nitrat of mercury is 
Jail portion of mercury obtains no oxygen from expofed to a heat gradually increaiing, the nrffc 
the acid (otherwife nitrous gas would be given effe£l is to drive off the water; after which a 
^ut) the queflion is whence it derives the oxy* thick red nitrous acid vapour arifes, part of 
^en neceiiary.to its folution. This Berthpllet which is condenfible by water, and the re- 
rationally explains by fuppofing that the firil mainder is permanently elallic and flies off. 
dtflblved portion, .which when heat is ufed is Dr. Higgins*^ found that on gradually diflil- 
.left highly oxygenated, divides its oxygen with ling per fe 34 ounces of dry white nitrat of 
the laic portion of mercury, fo that the whole mercury, about 8 ounces of acid and aqueous 
.folution is equally oxygenated to a low degree, vapour were thus driven off, and nothing more 
.Hence it appears that there may be three fatu- would efcape in a heat raifed to about 6oo^. 
-rated folutions of oxyd of mercury in nitric The refidue is that red oxyd of mercury fo 
acid, each differing from the otlier, either in generally known by the name of Red precipitate^ 
;thc refpeflive proportions of metal and acid, or Red^nitrous oxyd of mercury. 
or of oxygenation of the metal ^ namely, lil. This oxyd is manufa£lured in the large way, 
the folution made by faturating the acid with being one of the moil important of the mer- 
•mercury .w'ithout heat, which is the moft acrid curial preparations, and when very w^cll made 
?folution, cryflalHzcs the moft readily, and is it is of a very beautiful uniform orange-red, 
jiot decompofable by water : xdly, tl\e -fame .and of a gllflening fcaly texture. Much tech* 

. folution heated, by which the metal becomes nical nicety feems required to enfure this uni- 
more oxygenated, the acid Is in (bmewhat formly beautiful appearance, but the prepara- 
fmaller proportion, and the folution depolits tion of it for every ufeful purpofe is not 2^ 
•the yellow nearly infoluble fub-nitrat by mere matter of any great difliculty. The London 
;additiQn of Water : and 3dly, the laft-men- Pharmacopoeia gives the following recipe t 
.lioned folution, fuperfaturated with mercury at mix in a glafs veflel one pound of nitric acid, 
.a boiling beat, by which the acid becomes •one pound of mercury, and one dram of muri* 
.'loaded with metal, which, for jthe reafons be- atic acid, diffolve the mercury in tlie acid bv 
fore-mentioiied, is obvioufly lefs oxygenated* help of a fand heat, then cncreafe the fire till 
rShan in jhe fecond cafe, and perhaps Icfs than the whole mafs changes into ted cryftals, which 
in the firft alfo.. are the red precipitate. The ufe of the muri- 

The cryftallized nitrat of mercury, when atic acid here is fuppofed to be to aflift in giv- 
:kept in contafl with air gradually changes, and ing the beautiful colour. The< whole procefs 
rfrom being nearly tran^arent and colourlefs, therefore confifts effentially merely in diimlving 
^(^pmes covered at its furface with a yellow the mercury in the acid, evaporating die folu- 

^ J^ays, voL i. p XJJ. ^ Minutes, Sec. p. 40* 



MER ( 1 

tfon dTrynefs (it is not neceflary to wait for 
St regular ci^ftallization) and then to continue 
the neat with a cautious increafe till every red 
vapour and every thing volatile is driven off. 
Tne heat may be raifed almoft to rc^nefs, but 
not beyond, othcrwife the red oxyd iaelf is de- 
compofed* It feems preferable after the nitrat 
pf mercury is thoroughly dry, to complete the 
expul fion of the nitrous vapour and conver/ion 
into red oxyd, by heating the faline mafs in a 
broad vellel over an open fire rather than in a 
fand-bath, great care being, taken to avoid 
breathing the fumes of the acid, which feem to 
^ carry away a fmall portion* of the metal, and 
are very noxious. As the nitrous acid here 
ufed generally contains a fmall portion of mu- 
riatic acid, fome corrdfive fublimate is alfo 
formed and volatilized in the drying, which 
much contributes to the noxious quality of the 
vapour. 

In the proportions above given equal parts 
of mercury and acid are taken, but this is more 
acid than is neceflary, fince a portion of unde- 
compofed nitrous acid is expelled during the 
drying. Fifcher ^ aflerts that m the common 
way of preparing this fak by Keating the white 
cryftallized nitrat, . tfie acid is fo far from being 
faturated that perfe£tty good precipitate may 
be made by rubbing this cryftallized fait witn 
its oyirn weight of running mercury, (which 
thoroughly mixes with it in a very few minutes) 
and then heating as ufual till the whole becomes 
an uniform red mafs. 

By this method a large portion of the acid 
is faved, but we cannot help doubting the per- 
fect accuracy of the experiment. No harm, 
however, can ari^e from the ufe of an excefs 
of nitric acid, fince all the fuperfluous part is 
loft ill the evaporation, and therefore on the 
whole it feems the beft not to load the acid 
with much more than its own weight of the 
metal. 

Red precipitate, well prepared, fo c’ofely 
refembles the precipitate per fey or oxyd formed 
by fimple calcination, already 'deferibed, that 
there is little danger of error in adopting the 
ufual opinion that they are identically the fame 
and are compofed only of mercury and oxygen. 
The phenomena of their decompoiition too moft 
clofely correfpond, for when the red nitrous 
oxyd is heated to rednefs it gives out a copious 
ftream of oxygen, and the metal diftilis over in 
its reguline (late, leaving at laft not an atom of 
any fubftance in the diftilling veflel. The only 
Known difierence between the two (colour ex- 
r ‘ Scherer's Journal, o 
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cepted, which is much the brighteft in the i^ed 
nitrous oxyd) is that the nitrous oxyd gives' out, 
befides oxygen, a certain portion of azotic gas, 
owing >to me final deedmpofition of the laft 
adhering particles of nitrous acid. 

The oxygen gas from this as from the other 
mercurial oxyds is always at firft mixed witli 
fome mercury in vapour, and fometimes with a 
minute portion of corrdfive fublimate, fo that it 
is hot fit for all the purpofes of oxygen gas till 
it has ftood for feveral hours in contact with 
water. 

Nitrat of mercury in* every ftate of oxy- 
genation is readily decompofed by many other 
acids. If fulphunc acid or any alkaline fulphat 
be poured into liquid nitrat of mercury, a white 
precipitate is produced,, which by walhing bc-^ 
comes yellow, and is the fub-fulphat or turbich; 
If muriatic acid or any alkaline muriat is added^ 
the precipitate is a white muriat, but under 
certain limitations which will be prcfcntly men- 
tioned. 

•There arc two (and only two) combinations- 
of mercury with the muriatic acid, forming 
falts of very difFerent properties in every refpedt, 
both of which are of high importance in tech^ 
nical as well as experimental chemiftry, and 
have engaged more of the attention of chemifts 
than perhaps any other of the metallic falts; 
One of theie is a very folubie cryftallizablc fait 
of a very acrid naufeous tafte aiid a violent 
poifon in any but fmall dofes, which is pre^ 
pared almoft entirely by fublimation, and is 
called corr^ve fublimatey or corrtfive muriat of 
fnercuryy or at prefent by fome, (imply muriat of 
mercitryy and by feveral of the Frencn chemifts^ 
though incorredlly, oxymuriat of mercury ^ This 
fait confifts of muriatic acid and mercury oxy^ 
dated to a high degree. 

Tlie other combination of mercin'y with tlife 
marine acid is a white powder with but little taftei 
infoluble in water, and -prepared fometimes by 
fublimation, (by which method alone it is cryftaU 
lizablc) fometimes in the moift way. It confifts 
of muriatic acidj’upcrfaturated with mercury at a 
lower (late of o'Xydr/tion than in the former fait, 
and may be prepared (as it often a«!]IuaJly is) by 
combining the corroflve muriat w-irh an additional 
portion of mercury in the metallic ftate, whereby 
the fame relative portion of acid is united witli 
much more metal, and the oxygen of the fait 
diftribotes itfelf equally to the newly- added 
mercury, bringing the whole to a lower ftate cl; 
oxydation. This latter preparation has received 
the various names of mild tnercuriml nmriati oc- 
r rhil. Msg. vol. xviT. 
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fweH mercury (being much lef§ aiSive in its previoufly* diflblved in ditrous acid tmt Qniplr 
cffedls on the animal body than the former) and ground to fine powder along witli the fait asif 
alfo calomel^ by which name it is molt known in vitriol of iron. 

medicine. To avoid confufion we (hall at pre- Whenever fulphat of iron is employedj the 
fcnt cliicfly employ the terms corr^ve muriate fublimate is liable to be contaminated with a 
and calomel^ in deferibing thefe different falts. portion df oxyd of iron, this metal being to the 
* Mercury in tlic metallic (late is not aded on lull as volatilizable by muriatic aciji as liie oxyd 
by the muriatic acid, either hot or cold, but of mercury is, but the iullowiiig fimpie and 
when the metal is previoufly oxydated or di& excellent procefs iirlt invented by Kunkel * 
Iblved in an acid, the muriatic acid readily excludes iron altogether. 

unites with it, and it is in this indirc£l way Take equal weights of mercury and fulphuric 
that the muriats of mercury are formed. acid, diitilJ the mixture to drynefs till only the 

Corrolive muriat is prepared almolt exclu- white fulphat of mercury is left, mix this latter 
lively by the procefs of fublimation. All the fait with about its own weight of common falt^ 
materials necelTary are ; mercury, brought to a rubbing the mixture well, and then fubliine in 
high degree of oxydation by previous folution the way before mentioned. The fublimate is 
in an acid ; and muriatic acid in a (late (it to be very pure corrofivc muriat of mercury, and the 
difengaged in the vaporous fbrm } and the heat refidue at the bottom of the velTel is fulphat of 
ufed for fubliming expels both the mercury and foda. The London Pharmacopoeia has adopted 
the acid in union with esich other, which on this method : the proportions employed are two 
cooling cryffallize into the corrofive fait. pounds of mercury, as much iuiphuric acid^ 

One good method .therefore of making this and three pounds and a half of common fait, 
fait (which is often ufed> is the followiiig. In preparing the fulphat of mercury for this 
DifToVe in a glals .veflel ® 8 ounces of mercury procefs, die heating of the acid and the mercury 
in lo or 12 ounces of nitric acid, evaporate muff not be carried fo far as to drive ofF any of 
this folution to perfe£l drynefs, which leaves a the acid which properly belongs to Ae fulphat 
white fait, tlic nitrat of mercury; rub this fait of mercury, or in other words, the mixture muft 
in a mortar not made of metal with 8 ounces of not be reduced to the (late of turbitli, otherwife 
dccrcjittatcd common fait, and as much fulphat there will be no fulphuric acid left to expel the 
of iron previouHy dried to a white powder by muriatic acid from the common fait. But if 
heat. When thefe materials are well mixed, turbith be employed fome frelh (ulphurlc acid 
put them into a matrafs, of which two-thirds muft be added. 

are left empty, place it on a fand-bath with the Another method nearly as economical as the 
:hot fand juft hiding the materials, and proceed former^ is to grind up mercury, fulphat of iron, 
to fublimation with a heat gradually raifed to common fait, and nitre, and then fuolime. Here 
rodnefs, allowing the fumes to pafs ofF up a both the nitrous and muriatic acids are driven 
jchimney, as they would be dangerous to breathe, from their bafes by the fuperior affinity of the 
When cold, break the matrafs carefully (which fulphuric, and the mercury,*' firft difloKed by 
•is better done if it is previoufly cracked round the nitrous acid, is afterwards united to the 
rwith a cold wet iron while dill hot) and fena- muriatic in the form of corrofive muriat when 
rate the white cryftallized fublimate from what fublimed. 

remains at the bottom. The former is the cor- A fulphat of mercury fit for giving corrofive 
rofive muriat, the latter is a mixture of fulphat muriat by fublimation with common fait is alfo 
of foda and oxyd of iron arifing from the mu- formed very expedition fly by adding nitrated 
,tual decompofition of the common fait ami the mercury to a folution of fulphat of potafti, when 
fulphat of iron. The foie ufe ftf the (ulphat of a white fait, the fub-fulphat of mercury, is 
iron is to afford fulphuric acid, in order to dil- precipitated, being verjr little foluble, and the 
engage the acid of the common fak in a vapo- clear liquor confi(ls chiefly of nitrat of potaflx 
rous form. The corrofive fublimate formed in formed by double affinity. 

this operation is beautifully cryftallized in With regard to the adlual quantity of fub- 
^eedles if the heat be moderate, but if it be too Itmate produced from a given proportion of 
^reat, the fait coalefces into a (ingle cake conw materials, it has been found by an eminent 
jpofed of very fmall cryftaUine particles. pra£lical chemifl. ® that 16 ounces of mercurv 

. In fomc of the large manufadories of this with 15 ounces of (Irong fulphuric acid (which 
io Holland, the mercury is faid not to be is fufficient) will yield about 23^ ounces of dry 

* 8cauin^. * .Bergman's Eflajs, vol. liu * Oririnal commuaicatloa. 
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fulphat of mercury, which, fublimcd with 30 
oz. of dried muriat of foda, yield 20 oz. of cor- 
rofive muriat. 

Corrofive muriat may be prepared without 
fiiblimation : the ufe of this latter procefs being 
only to feparate the fait from the other mate- 
rials which are not volatile at a Jow red heat. 
The following way is given by Von Schmidt:** 
diflcjlve 2 ounces of mercury in 3I oz. (a lefs 
quantity would be fiifRcient) of fulphuric acid, 
and dillil to drynefs in the ufual way. Add to 
the white fulphat of mercury in the retort a 
folution of 5 } oz. of common fait, and boil the 
mixture for an hour, then filter the liquor while 
hot, and evaporate it to drynefs. Add to the 
refiduuni (which now confifls of fulphat of 
foda, comifive muriat, .and perhaps feme unde- 
compefed common fait) about 16 oz. of alcohol, 
digeft for an hour in a moderate warmth, and 
decant off the clear liquid. This is a folution 
of the corrofive muriat in the alcoliol, the other 
falls being infolublc in the fpirit, and therefore 
remaining at the bottom. Then evaporate the 
alcoholic folution to drynefs, which leaves the 
corrofive muriat as a perfe<flly white mafs wliich 
may be obtained in beautiful cryllals by fubfe- 
quent diffolution in boiling water and cooling. 
Tocxtradl all the mercurial muriat from the mafs 
it will be advifeable to repeat the procefs with 
about 8 oz. more of alcohol, and proceed as 
before. 

Corrofive muriat may alfo be made by direft 
folution and cryftallization. If oxyd of mercury 
is mixed with water in a Woulfe’s bottlo, and a 
current of oxymuriatic acid gas be p.aficd through 
for fome time, a folution is formed, which gives 
by evaporation cryftals of very pure corrofive 
muriaty In this manner the fait may be ob- 
tained of pcrfciS purity. 

The fame product is formed when oxymuri- 
atic acid is added to the nitrat of mercury either 
folublp or infolublc in water ; by evapora 
tion the nitric acid flics off, together with the 
excefs of oxymuriatic acid, and the corrofive 
muriat is obtained in very pure and regular 
cryftals. 

But if oxymuriatic acid be poured on running 
mercury it firft reduces it to a grey powder 
without extrication of any gas, which powder 
is the fame in nature as the mild muriat or 
cmlomel to be prefently deferibed. But if an 
cxcefs of the acid be fo ufed this grey powder 
is diflblved, and the folution is changed to cor- 
rofive muriat. 

Corrofive muriat, in whatever way it be 


formed, is a fait which cryftallizes, when formed 
by fublimation, generally in long needles, but 
by watery folution it afleifls the form of four- 
fided prilms. Its tafte is extremely acrid, nau- 
feous, and ftrongly metallic, and fg permanent 
that it is very dilftcult to get it off the palate. 
It is not deliquefceiit. Cold water diflblves 
tV sV of its weight of this fait, but boiling 
water much more. When heated moderately 
(but to a degree much above that of* boiling 
water) it fublimes in tlic form of a denfe white 
fmoke moft cxceffively prejudicial to thofe that 
refpire it. Light has a powerful cffe£k on this 
fait. If it is expofed to a ftrong light it after a 
while becomes mealy on the furface, and if 
then thrown into boiling water the whole will 
not diffolvc as at firft, but a refiduc of a dingy 
white colour fettles to the bottom which is 
found to be calomel. Alfo when a clear folu- 
tion of the fait is expofed to the fun’s rays a 
fimilar precipitation of a white infolublc fub- 
muriat takes place. Hence all folutions of this 
fait becomes muddy by keeping unlefs fechided 
frem the light. M. Boulley‘* found that during 
this change oxygen ^was given out. 

'Phis fait is alfo foJuble in alcohol, which 
when moderately warm takes up about of its 
weight.*’ Boiling alcohol diflblves nearly its 
own weight, moll of which feparates again on 
cooling. 

Sulphuric acid* does not decompofe this fait, 
but being poured on it, reduces it to a powder, 
fimply owing to tlic abftradlioii of its water of 
cryftallization ; for on adding water the powder 
is entirely rediflblved. Nitrous acid added to 
this fait diflblves it when heated and lets it go 
on cooling, unaltered. 'Fhe muriatic acid dif- 
folves this fait, but renders it lefs cafily cryftal- 
Hzablc. 

All the alkalies and alkaline earths decom- 
pofe corrofive fubllmate. 'fhe fixe<l alkalies and 
alkaline earths wdien cauftic give a precipitate, 
at firft orange, which afterwards deepens info a 
brick red. But the carbonated alkalies produce a 
precipitate of a much lighter ftiadc of colour. 
Corrofive mujiat and alkalies therefore are 
mutually a tell for each other, and are often 
ufed as fuch. ^ 

The a^fion of ammenia on this fait is Angu- 
lar. With the other folutions of mercury am- 
monia gives a black powder, which is the metal 
almoft reduced to a metallic ttate, as already 
mentioned, but w^licn this alkali is added to a 
folution of corrofive muriat a copious nuhite pre* 
cipitate falls dowm, which remains white after 


r Van. M^us Jovrn. or Phil. Mag. Vol. xvi. « Ano. deCheno. tom. Uiv, ElTays Vol. iii. * Bergxiaii. 
VOL. II. L 



MER 


( 82 ) MER 


deficcation. Fourcroy found that lOo parts of 
the murlat fuperfaturated with ammonia gave 
86 parts of white precipitate^ whereas cauftic 
foda gave only 75 of brick-red oxyd. The 
white precipitate therefore contains foniething 
befides oxyd of mercury. It was infoluble in. 
water, and when diililled per fe in a retort it 
gave out ammonia, azotic gas» and 86 per cent, 
of calomel was left. By further analylis Four- 
croy found this white precipitate to confift of 
81 of oxyd of mercury, 16 of muriatic acid, and 
3 of ammonia. It is therefore a triple com- 
pound, but rendered infoluble by the great 
excefs of mercury. Sulphuric acid converts it 
to corrofive muriat and ammoniaco-fulphat of 
mercury. Muriatic acid rediflblves this preci- 
itate, and produces the fame fait as is formed 
y the addition of muriat of ammonia to corro- 
five muriat, and which is of a very peculiar 
nature. 

When mercury, muriatic acid, and ammonia 
are in a ftatc of mutual faturation without de- 
compofition, (as happens when muriat of 
ammonia is added to corrofive muriat) a moil 
intimate combination takes place between the 
three fubilances, and the mercurial muriat by 
help of the fal ammoniac is rendered full twenty 
times more foluble in water than before, for 
one part of fal ammoniac diflblved in 3 of 
water, will enable the latter to diflblve no lefs 
than 5 parts of the mercurial fait when the 
temperature is raifed. This triple combination 
is not broken by fublimation, for the fait that 
rifes in this procefs {till contains ammonia and 
is equally refolublc in a fmall proportion of 
water. 1 his triple fait, long known to the 
older chemills was called by them Sal alembroth. 
In modern nomenclature it is termed the ammo^ 
niaco^tnercurial muriat. 

If to the folution of this fait (formed by equal 
weights of muriated ammonia and corrofive 
muriat) be added a carbonated fixed alkali, an 
effervefcence takes place, and a white precipi- 
tate is formed, fimilar to that produced by 
fuperfaturating corrofive muriat with ammonia, 
which, as already mentioned, llill confiils of 
muriatic acid, ammonia, and oxyd of mercury, 
but the latter fo much in cxcefs as to be render- 
ed infoluble. This is the common ^hite precis 
pitate of pharmacy, which mull be carefully 
diilinguillied from jtbe fimple fub-muriat or 
calomel. If however too much fixed alkali be 
added, the precipitate is yellow. Eight parts 
of corrofive muriat will yield about 7^ of white 
precioitate. 

The exa£l compofition of corrofive muriat 


will be mentioned after deferibing the mild 
muriat or calomel. 

Corrofive muriat is one of the moil afrive 
mercurial medicines, and is one of the moil 
violent poifons in an over-dofe, of all the metallic 
fajts, inilaming and diforganizing the whole 
alimentary c!bial. But it preferves 'dead animal 
matter very perfectly, which when waihed with 
a faturated iolution of the fait and expofed to 
the air is foon covered with a faline cruil or 
varniih which no infe£t can touch. 

The next combination of mercury with mu- 
riatic acid to be mentioned, is the Sub-muriat^ 
mild or fweet Muriaty or Calomel. It diifors from 
corrofive fublimate not in the number and 
nature of its conilituent parts but only in their 
proportion, and is found by numerous experi- 
ments to contain in equal weights more mer- 
cury, or, (what is the fame uiing) lefs acid, 
and the mercury lefs oxydated. Thefe two 
circumilances will explain the many cafes of the 
mutual converfion of the one fait into the other, 
and produftion of one from the other by various 
chemical agents. 

The fub-muriat is- made in two ways, either 
by pre^itation from folution, or by fublima- 
tion. The latter is the moil antient, and is thus 
performed. Take one pound of corrofive fubli- 
mate and nine ounces of running mercury, riib 
them in a mortar with juft water enough to pre- 
vent the fublimate from flying olF in duft till the 
whole becomes a grey powder, and no globules of 
mercury can any longer be perceived. Put this 
powder into one or more glafs fubliming vefifcls 
(common phials will anfwer in the fmall way, 
which ihould be no more than half full) and 
fet them on a fand bath covered up to the 
beginning of the neck with the hot fand, and 
fublime with a heat gradually increafed. The 
firft fubliming of the calomel is perceived by a 
white vapour which ifliies from the mouth of 
the veiTcl. The calomel is not pure after the 
firft operation, for a fmall portion of undecom- 
pofed mercurv and of corrofive fublimate firft rife 
and occupy tne top of the veiTel. Below this is 
a white cake, which is the true fub-muriat, and 
at the bottom of the veflel remains, a fmall 
quantity of reddiih oxyd which cannot be 
fublimed. The whole contents of the fubliming 
veiTel are then to be rubbed together and again 
fubmitted to the fame procefs, and vmen 
finiihed the cake of calomel which occupies the 
middle of the veiTel is to be carefully feparated 
and waihed repeatedly with hot water to free it 
from any adhering particles of corrofive fub- 
limate. 
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Some.chemifts have thought proper to repeat 
the fublimation of calomel for nvc, (ixj or 
more times (fejparating after each time the 
white powder that rifes (irft and fixes to the 
top of the bottles) with a view of more com- 
. pleatly combining the fublimate with the mer- 
cury and rendering it a more uniform .and fafer 
medicine. But it is clearly ihewn that no ^ood 
whatever can arife from fuch frequent fublima- 
tion, but on the contrary, the calomel every 
time becomes in fome degree decompofed and 
its properties injured. 

Calomel nine times fublimed forms what 
has been called by fome the ‘Mercurial Panacea^ 

The fub-muriat of mercury is a white folid 
mafs fometimes cryftallizcd in tetrahedral prifms 
when flowly fublimed. It differs mod eflentially 
from corrofive fublimate in many fenfible and 
chemical properties. It is nearly, if not en- 
tirely infoluble in water, it has but little tafte, 
but what there is is metallic and naufeous, it 
becomes yellowifh by long expofure to light 
and is luminous when rubbed in the dark. It 
requires a greater heat to be fublimed than the 
corrofive muriat does, whence after fublimation 
of a mixture of the two, the upper portion 
is chiefly the corrofive muriat and the lower 
part is tne calomel. When lime-water or the 
alkalies are added to calomel it immediately 
blackens, which circumftance is a very ufeful 
tefl for thi% fubftance. 

The fub-muriat may alfo be prepared in the 
moifl way and without fublimation by adding 
nitrat of mercury to muriat of foda. A double 
decompofition takes .place here, the muriatic 
acid uniting with the mercury into the fub- 
muriat (which Jbeing infoluble in water fails 
to the bottom) and me nitric acid and foda of 
the fait remain united in the liquor. For this 
procefs we arc indebted to the illullrious Scheele, 
whence the preparation is fometimes called 
Schcele’s Calomel. It is thus made. Take 
a folution of mercury in nitrous acid fo ftrong 
as to be pcrfeftly faturated even while boiling. 
For this about fix ounces of acid, and as much 
mercury may be ufed. Then pour the folution 
rather gradually into another veffel containing 
four ounces of common fait difiblved in half a 
pint of boiling water. 

When the white fub-muriat has entirely 
‘ fubfided, pour ofF the fupernatant liquor and 
wafh the precipitate tlioroughly wim warm 
water, then dry it in a gentle heat. 

The fub-muriat prepared in this way fcarcely 
if at all difiers from the calomel formed by 
fublimationj^ being equally infoluble in water^ 


bhekened by lime-water, and (hewing ^11 the 
other properties of calomel. This precaution 
however is to be obferved, which is, that as 
the nitrous folution when loaded with mercury 
(as in the prefent cafe) is in part decompofable 
by mere water, it fliould be dropped gradually 
into the folution of fait with frequent ftirring, 
(and not tlie fait added to the nitrat as direfled 
by fome) and alfo, as Mr,^Chenevix has oh- 
ferved, it will more entirely fecure the decom- 
pofition of the nitrat if a little muriatic acid be 
added to the folution of common fait before it 
is ufed. The fub-muriat thus prepared may 
alfo if neceflary be afterwards fublimed, and it 
will be found to rife in the fubliming veffel 
almoil without any refidue. 

Mercury is not known to cxiff in any othet* 
form of combinatioai with muriatic acid than ai 
corrofive muriat and fub-muriat, no interme- 
diate itate of faturation with the acid having 
been ever obferved, and as before mentioned, 
the difference between the two falts is, that the 
corrofive muriat contains more acid than the 
fub-muriat, lefs mercury, and the mercury is in 
a lower ftate of oxygenation. A number of 
fa£fs have been obferved by chemifls relating to 
the mutual change of one of thefc falts into the 
other by different reagents fome of which may 
be mentioned. 

Beaume endeavoured to form fome inter- 
mediate muriat of mercury both by mixin|r and 
fubliming proportions of corrofive fublimate 
and running mercury, different from thofe that 
conftitute calomel, and by mixing corrofive 
muriat and calomel and fubliming, but in no 
inftance was there produced any thing but 
corrofive muriat and calomel. 

The proportion of fub-muriat produced in 
Scheele’s method depends on the degree hi 
which the nitric acid is faturated with the 
mercury. If an excefs of acid remains, but 
little calomel is produced on adding the common' 
fait, and the folution contains corrofive muriate 

UTie mercury in calomel is lefs oxygenated 
than in corrofive muriat, and many curious 
experiments have been made illuftrating this 
faft. Thus, as Prouft obferves, if muriatic 
acid be boiled on calomel, corrofive muriat is 
formed, and fome running mercury appears, fo 
that the calomel is divided into two portioifB^ 
one of which takes the oxygen belonging to 
both and unites with the' acid into corrofive 
muriat, and the other tlierefore is reduced to 
the metallic ftate. 

Luffac found that on mixing corrofive fub- 
limate and red oxyd of mercury, and fubliming, 
z. 2 
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If the heat was moderate the corroflve murxat a part of the oxygen which is contained in this 
rofe in the veffel unaltered, but at a low red fait is united to the acid and not to the mercury, 
heat, calomel was produced. Now as the red As long as they are adiually in combination it 
oxyd parts with its oxygen at this heat, the is not eafy (if at all poffible) to make this 
remaining mercury mutt have been reduced to dittind^ion, but it U certain that whenever the 
the metallic ftate, and thus by combining with acid is feparated from the fait it appears in the 
the corrofive muriat produced the calomel. form of me (imple muriatic, and not the oxy- 
The precipitate from nitrat of mercury by muriatic. Mr. Chenevix’s experiments^ on this 
potafli or foda gives no calomel when combined head are dccifive, as will be nirther mentioned 
with corrofive muriat an<l fublimed at a mode- under the article Oxymuriatic Acid. When 
rate heat, as Cornette has obferved;** but when the fulphuric acid is added to corrofive muriat, 
the precipitate from nitrated mercury by no acid fumes are difeiigaged, whereas if the 
is uled, a large quantity of perfcdl calomel is acid were the oxymuriatic, it would probably 
^ be let at liberty. Like wife when corrofive mu- 

Ihis experiment, Cornette very fatisfaftorily riat is dccompofcd by potalli, the refult is 
explains by Ihewing the different nature of the fimply oxyd of mercury and muriat of potafli, 
precipitate by ammonia frot|^ thofe by the fixed not oxymuriat. Nitrat of filver alfo gives a 
alkalies, and the property of the volatile alkali precipitate of fimple muriat of filver or luna 
to reduce metallic oxyds to their regulinc ttate. cornea. 

The dcoxydaiing power of muriat of tin To determine the compofition of corrofive 
flicws. in a fatisfa£lory way. the refpeftive muriat and of calomel, Mr. Chenevix firft 
compofition of corrofive muriat and calomel. dccompofed loo grains of corrofive muriat by 
Muriat of tin (as will be mentioned under nitrat of filver to eftimate the muriatic acid, 
that article) when faturated with metal has the arid another loo grains by potaflx'for the oxyd 
power of depriving mercurial folutions of their of mercury, and thus found the conttituents of 
oxygen and reducing them to the metallic corrofive muriat to be 82 per cent, of oxyd of 
ttate. ^ ^ mercury, and 18 of muriatic acid. To find 

When afc^iv drops of muriat of tin^ are added out the degree of oxygenation of the metal, an- 
to a folution of corrofive muriat, a whitifli other portion of mercury was diflblved in nitric 
yellow powder is obtained which agrees in acid, to which was added muriatic acid, and 
every property with calomel j if a little more of the whole was then evaporated to drynefs, and 
the tin is nddedj the powder becomes grey, fublimed. A hundred grains of mercury thus 
and on examination by the niicrofeope is treated gave 143.5 of corrofive fublimate, whence 
found to be globules of running mercury. But (the quantity of acid in this fait being previoufly 
if a large quantity of muriat of tin is added at known) the refpediivc quantities of mercury 
once to the corrofive muriat, the intermediate and oxygen were afeertained, and it appears, 
ftate of calomel is not produced, and the mer- that the metal is here oxydatCd at the rate of 
cury at once afiumes the regulinc form. 15 of oxygen in 100 of oxyd. Calomel was 

When i)itrous acid is added to calomel, a . then treated in a fimilar way, being firft dif- 
ebpious dif<pngagement of nitrous fumes takes folved in nitric acid and decompofed by nitrat 
place, (which does not happen with the perfe£l: of filver to determine the quantity of muriatic 
oxyds of mercury) the calomel is difiblved, and acid, whence it was found to confift of 88.5 of 
the folution dittillcd to drynefs gives a white oxyd of mercury, and 11.5 of muriatic acid, 
fallne mafs. This, heated in a clofe veflel T9 find the ftate of oxydation in calpmel, a 
gives about half its weight of a cryttallized fait given portion was boiled with nitro^muriatic 
which fublimes at the upper part of the veflel acid, evaporated to drynefs, and fublimed, by 
Sind is corrofive muriat. 'Lhe remainder when which it was totally converted inta corrofive 
further heated, emits abundant red fumes, muriat, and, by comparing thefe data with 
changes colour, and at laft is converted into the known proportions of the corrofive muriat be- 
red oxyd of mercury. fore afeertained, Mr. C* found the metal in 

It has been fuppofed 1 ^ fome chemitts of calomel to be oxydated at the rate of only 10.7 
eminence, that the acid of corrofive fublimate of oxygen in 100 of oxyd, whereas that o£ 
wis die oxy-muriatic, or in other words, diat corrouve muriat is 15 in 100. 

* Mcm.de I'Acad. for 2786. 1 Prouil J. Pbys. Tom. 59. p. 337. 

* Phii.Trans. for x8oa. 
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A hundred parts of calomel therefore contain 
Mercury 79 \ qq ^ 

Oxygen 9.5 / ® 

Muriatic acid x i .5 


xoo.o 


A hundred parts of corrolivc muriat contain 
Mercury 69.7! 

Oxygen 12.3/ 

Muriatic acid 18 



Mr. Chenevix in afeertaining that corrolive 
fublimatc was not oxymuriat of mercury, but 
merely muriat of mercury highly oxydated, has 
difeovered a fait which is truly the oxymuriat 
of this metal. By palling a current of oxymu- 
riatlc gas through water in which there was 
fouie red oxyd of mercury, after a time the 
red oxyd became of a very dark brown colour, 
and part of it was didblved. The liquor was 
then evaporated nearly to drynefs and a mixed 
fait was obtained, confiding partly of corrofive 
muriat, and partly of another fait which cryllal- 
lizcd later than the former, and on being re- 
diflblved and crydallizcd appeared nearly pure. 
This fait has not been much examined, but it 
poflcfics the efiential quality of an oxymuriat in 
giving out vapours of oxymuriatic acid by the 
afFufioii of the fulphuric or any dronger acid. 

The aflion of mod of the other acids on 
mercury has been examined, but few of tlie falts 
are intereding. 

The acetous acid has no aiSlion on mercury, 
but if boiled on its oxyds it diflTolvcs them, 
though with difliculty. But the bell and mod 
ede£tual way of making the acetited mercury is 
by the double dccompolition of nitrated mercury 
and acetited potafli. Foir this purpofe take 3 
ounces of mercury,^ difiblve it in about 4| oz. 
of nitric acid or a little more than is fulRcicnt 
for folution without heat. Mix this with 3 oz. 
of acetitc of potaili previoully dillblved in 8 
pounds of boiling water and fet the whole afide 
to crydallize, which takes place as the liquor 
cools, and the acetited mercury then feparates 
in the form of fine foft micaceous crydalline 
plates, very light and fpungy. Then wafli them 
with cold water and dry them by paffing between 
folds of blotting paper. 

In preparing this fait it is efiential to pour 
mercurial foluiibn into the acetite, other- 


wife part of the nitrat of mercury would be 
decompofed by the mere water , of the folution, 
and an infoluble fub-nitrat would be mixed with 
the acetitc. The quantity of water of folution 
here direilcd is fufEcient to difiblve, when 
boiling, both the acetitc of mercury and the 
nitrat of potafli^ but the procefs fuccecds as 
well if only a few ounces of water arc ufod, 
fufiicient to difiblve the new formed nitrat of 
potash, in which cafe the whole acetite of 
mercury is precipitated and may be feparated 
ami fubfequently rediflbl/ed and cryftallizcd. 
Neither is it necefiary to ufc the cryilallizcd 
acetite of potafii, diililled vinegar nearly iatu- 
rated with potalli aiu’wcring all the purpofe. 

Acetited mercury is fcarccly folublc in cold 
water, but readily diflolvos as the heat is raifed. 
The dry fait is eafily decoir.pofcd by heat. 

The carbonic acid only unites with mercury 
when an acid folution is precipitated by a car- 
bonated alkali. The carbonated oxyds are while 
and remain fo unaltered by the air. 

The boracic acid may be made to unite 
with mercury in the fame way as the acetous 
acid, that is by double dccompofition. For 
this purpofe common borax mull fifll be neu- 
tralized with its own acid, then diflblved in 
water, and nitrated mercury poured into it- 
Tbe borat of mercury partly feparates on the 
firft mixture of the liquor, and more may be 
obtained by evaporation. This fait is in the 
form of brilliant fcales, which grow yellow by 
expofure to air. 

The phofphat of mercury is formed in the 
fame way as the laft, by adding nitrat of 
mercury to an alkaline phofphat. A white 
precipitate is formed which is phofphat of 
mercury nearly infoluble. 

When the nitrat of mercury is decompo-fed 
by alcohol, a very fmgular powder is produced, 
wliich appears to bo the oxalat of thi^ metal, 
and poflefies a moll allonifliing power of ex- 
plofion when kindled, as difeovered by Mr. 
Howard. This fulminating mercury will be 
deferibed in the next article. 

None of the alkalies have any aflion upon 
mercury, but the fixed alkalies difiolve its 
oxyds. Thefe , combinations have been but 
little examined. 

Ammonia added to any of tiro mercurial 
oxyds immediately blackens tlicm, cauics tlie 
difehgagenient of azotic gas, and reduces them 
nearly to the metallic Hate, p’ourcroy alfo 
a/lbrts that another ailioii takes place, namely, 
the produdlion of a quantity of nitric acid by 
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means, of part of the azot of the decompofed 
ammonia* which acid, as foon as formed, 
feizes on part of the ammonia and part of the 
mercury, producing the ammoniaco-mercurlal 
nitrnt already defer ibed. 

Mercury is capable of combining with fulphur 
under various circumftances and in different 
proportions ; and as the rationale of thefe pro- 
cefles has excited no fmall controverfy among 
fome of the abled modern chemifts, we fliall 
endeavour to give a clear and full flatement both 
of tho fa£bs and opinions belonging to this inter- 
filing fubje£l. 

If one part of mercury and three parts of 
flowers of fulphur are triturated togetlier in a 
. mortar, the globules of metal by degrees difap- 
pear and combine with die fulphur into a dark 
grey powder, which becomes more and more 
deep coloured the longer the trituration is con- 
tinued. When the ingredients are fo accurately 
ground together that no more globules of mer- 
cury can be diilinguiflied by the naked eye, 
mere expofure to the air without any further 
trituration will at length render the powder 
perfedlly black : in this ftate it was known to 
ancient chemifts by the name of Ethiops tnineraL 
This fubftance, from its colour and from its 
becoming more and more black by expofure to 
the air, is fuppofed by Fourcroy and certain 
other modem chemifts, to be a compound of 
fulphur and black oxyd of mercury. But this 
.opinion feems to be entirely deftitute of founda- 
tion \ for if the fulphur and metcury in the 
requiftte proportions be put into a dry vial and 
. clofely corked, and afterwards fhaken vigoroufly 
for about a quarter of an hour, a perfectly black 
ethiops will be produced, and yet the inclofcd 
air upon examination will be found to be neither 
altered in bulk nor deprived of any oxygen. The 
mercury and fulphur in this ethiops are fuppofed 
to be much more loofely combined than in the 
ethiops made by heat, becaufe if the former is 
rubbed upon gold it will whiten its furface, which 
the latter is incapable of doing; this cfteA how- 
ever may well happen from the minute uncom- 
bined globules of metal with which the ethiops 
generally abounds, rather than from the a£lual 
decompofition of that portion which has united 
with the fulphur* 

But although mercury and fulphur are capable 
of uniting with each other at the ufual atmoi^ 
pheric temperature, yet the combination takes 
place much more rapidly, and a fmaller propor- 
tion of fulphur is neceflary for the faturation of 
j^e mercury, if both tlic ingredients are prc« 


fented to each other in a liquid ftate. For, this 
purpofe let any quantity of fulphur be melted 
in an earthen pot, and an equal weight of mer- 
cury be then added, care being taken to mix the 
two fubftances by accurately ftirring tliem with 
a tobacco-pipe, or any other convenient inftru- 
ment ; an immediate combination will then 
take place, the mafs will become black and hot 
eve'i to inflammation, (which however muft be 
extinguiftied as fpeedily as poflible, left a lofs 
both of fulphur and metal be fuftained). When 
no more globules of mercury are perceptible let 
the veflel be removed from the fire and its con- 
tents allowed to cool, ftirring them all the while. 
The refulting compound is in the form of fmall 
hard black lumps, and is called Ethiops mineral 
prepared by fire. It differs from the preceding 
in containing lefs fulphur, and when rubbed 
upon gold, does not whiten it, probably on ac- 
count of its holding no uncombmed mercury. 

There is a third fpecies of ethiops mineral 
prepared like the preceding by ^ fuflon, but 
diftering materially in the proportion of its 
‘ingredients; for, whereas the former contains 
equal parts of fulphur and mercury; in this the 
fulphur does not exceed 20 per cent, of the 
whole mafs. In confcqucnce of this excefs of 
mercury, more time and a higher heat are re- 
quired to accompliih the combination, and it 
is attended by a remarkable evolution of flame 
at the moment of combination, that renders it 
unfafe to make ufe of clofe veflels for this pur- 
pofe. Bcaume^ relates, as the refult of his own 
experiments, that the common ethiops may be 
prepared at the loweft heat at which fulphur 
becomes fluid, and that the combination takes 
place in perfedl quiet but vt^hen the materials 
are employed in the proportion of the latter 
mentioned ethiops, a confiderable part of the 
mercury will remain uncomblned, except at a 
temperature equal to that in which fulphur 
becomes glutinous : while the union is taking 
place the mafs heats fpontaneoufly, and a jet of 
flame is difengaged. The cblour of this ethiops 
is a dark violet ; and by fublimation at a red 
heat it becomes of a brownifli blood colour 
when in mafs, but when levigated it exhibits a 
bright crimfon, verging more or lefs upon (carlet. 
In this ftate it is called cinnabar or vermillion, 
and probably dififers in nothing but its luperior 
purity from the native cinnabar. 

The prepared cinnabar being much preferaUe 
to the native as a pigment^ has long been a con- 
fiderable article or chemical manufaflure, and 
as the Dutch the r^pttUtipn of making t^e 
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bed, ve Ihall here defcribe their method of 
proceeding) as related by M. Tuckeit. ^ This 
manufaAure confifts of two diftinfl operations) 
the one being the preparation of the ethiopS) the 
other the converfion of the ethiops into cin- 
nabar. To make the ethiopS) a boiler of iron 
poliflied on the infide) and about 2^ feet in dia- 
meter) and 1 in depth) is charged with 1080 lbs 
of mercury) and 150 lbs of fulphur (or per cent. 
87.8 mercury, and 12.2 fulphur) a moderate 
heat is then applied gradually increaling, and 
accompanied by fuitable ftirring of the ingredi- 
ents till the whole appears to be thoroughly 
mixed and combined. The* black fulphuret of 
mercury thus formed, is then removed from the 
boiler and pulverized. In order to convert this 
into cinnabar, three large earthen fubllming 
pots are placed in a furnace, and gradually 
brought to a red heat by means of turf : at this 
time the cover of each (which confifts of a fim- 
ple fquare plate of iron) is reipoved, and the 
contents of an earthen vefTel holding about a 
pint and a half of ethiops, are poured into each 
pot. In a few feconds a column of flame rifes 
out of the potsi to the heighth of live or flx feet, 
and, as foon as it begins to leflen, the further 
cfcape of the contents is prevented by putting 
on the iron cover. In a Ihort time after, a fe- 
cond charge is poured in, to which fucceeds a 
third, and fo on, till at the end of thirty-four 
hours the whole of the ethiops has been equally 
divided* between the three pots, making 410 lbs. 
for each. The fire is now kept up as fteadily 
as poffible fbr thirty-fix hours longer, in order 
to accomplifh the fublimation, care being taken 
to dir up the materials at the bottom of the 
veflels at lead once every half hour, by an iron 
rod made for the purpofe and introduced at the 
top. At the fame time the workman afcertains 
how the procefs is going on by the flame which 
appears when the cover is removed \ if it rifes 
to the heighth of two or three feet, the heat is 
too great, as on the other hand it is too feeble 
if the flame only lightly quivers about the mouth 
of the pot; the proper temperature is marked 
by the flame rifing vigoroufly, yet not exceed- 
ing three or four inches in heighth. When the 
lad thirty-fix hours are expired^ the furnace is 
extbiguiihed, and the whole allowed to cool : 
the fubliming pots are then taken out, the iron 
hoops with which they are bound are knocked 
oflF, and the pots themlelves are broken ; the cin- 
nabar is found fublimed in the upper part of the 
VefTel to the amount of 400 lbs. being lolbs. iefs 
than the ethiops that was put in : or in other 

* Aon. de Chem. iv. p. 25. 


words, the lofs of weight fudained by the con- 
verfion of ethiops into cinnabar, amounts to 2^ 
per cent. 

Cinnabar when re-fublimed undergoes np 
alteration except that a variable though large 
proportion is lod, owing to the combudion of 
the fulphur and volatilization of the mercury. 
If cinnabar indead of being heated in dole 
veflels, is put into an earthen ted, and heated 
nearly to obfeure red, a a total decompofition 
takes place ; the fulphur is converted into ful- 
phureous acid, and the mercury flics ofF in the 
date of vapour. Long cxpouire to air and 
moidure feems to have no fort of adion on cin- 
nabar or ethiops ; but they are both decompofed 
by dry didillation with barytes, lime, and the 
fixed alkalies, and with the following metals, 
iron, copper, tin, lead, filver, cobalt, nickel, bif- 
muth and antimony. In all thefe cafes the ful- 
phur of the cinnabar combines with the added 
alkali or metal, while the mercury pafles over in 
the liquid date. 

A remarkable circumdance attending the de- 
compofition of cinnabar by iron filings, is the 
produ£lion of an odour refembling that of ful- 
phurct of ammonia according to Sage, and of 
ammonia according to Beaume : this odour is 
fo drong and permanent in the balloon receiver 
of the didillatory apparatus, that it remains very 
perceptible for feveral days, even though the 
veflel is expofed to the open air. The ammonia 
however thus developed, is in all probability 
neither formed by this procefs nor liberated from 
the cinnabar, but from the iron filings, for, ac- 
cording to the interediiig experiments of Dr. 
Audin (fee Ammonia, p. 67) it is readily 
generated by expofing moid iron filings to an 
azotic atmotphere. 

In the moid way none of the acids have any 
aftion on cinnabar, except the concentrated 
fulphuric and the nitric : the former oxygenates 
the mercury and converts it to fulphat, lulphu- 
reous acid being difengaged ; the latter oxyge- 
nates both the riiercury and the fulphur, nitrous • 
as being given out, and fulphat of mercury 
eing the refult. 

If a folution of either of the fixed alkalies in 
a perfedlly caudle date, is boiled aluiod to • 
drynefs upon pulverized cinnabar, an extremely 
naufeous odour is difengaged, the alkali becomes 
more or lefs charged with fulphur, and globules 
of running mercury are produced. 

The component ingredients of fublinicd cin- 
nabar are mercury and fulphur, in the condant 
proportion, according to Proud,* of 85 of the 

* Joura. de Phyf. liii. p. 92. 
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former to nbot^t 14.5 of the latter. This refult 
wuA obtained by decoinpofing cinnubar bv means 
of rcgiiline aiuimony, a rncihoil in fome rcfpccls 
preferable to the more ufiial o!ie by iron lilings, 
efpccially on account of the ready fuliblllty of 
tlie fulphurct of antimony. 

Some attempts have been made to prepare 
cinnabar by fubllituting the oxytls and even the 
falts of mercury to the fimple metal, but for 
the moft part with no iuiprovemt'ut in the 
colour of the cinnabar, and at the imminent 
hazard of occafioning a violent cxplolion. 
Baycn was the firli cliemiR who ohferved the 
fulminating property of tlie ox yds of mercury 
when heated with fulphur, and thefe mixtures 
have hence received the name of Jhiyen’s fulmi- 
nating mercury. Tlie moil powerful of thefe 
mixtures is thus prepared : ^ to a folutiou of 
nitrat of mercury add limewater, as long as any 
precipitate falls down, decant the clear liquor 
and waHi the pulverulent oxyd wiih repeated 
portions of water, after which dry it on a 
water bath, and then grind it carefully in a mor- 
tar, with J of its weight of flowers of fulphur. 
This powder when laid on a hot iron explodes 
with confidcrable force, no doubt in confcquence 
of the fudden dcoxydalion of the mercury and 
the rapid combuftion of part of tlie fulphur: 
for if it is performed in a clofc veflel to prevent 
the dilFipation of the powder, the refult of its 
decompofiticn w'ill be a reddilh violet coloured 
fulphuret, (iniilar to that procured in the ufual 
manner. Corrofive muriat of mercury rubbed 
up with the fulphur produces in like manner a 
•violently explofive compound, wliile on the 
other hand calomel and fulphur afibrd by dry 
dillillation cinnabar and corrofive muriat with- 
out any explofion ; the reafon of which is’ that 
the calomel divides itfclf into two portions, of 
which one is converted into cinnabar by com- 
bining with the fulphur and letting go its oxy- 
gen and muriatic acid, which being abforbed by 
the other portion of calomel, convert it into 
corrofive fublimate. 

Scmietimcs cinnabar is prepared in the labo- 
ratory, though not in the large way, from cor- 
rofive fublimate and fulphuret of antimony, by 
dillilling them together in the proportion of 
three of the former to one of the latter : in this 
cafe a double decompofition takes place ; the 
oxygen and muriatic acid of the mercurial fait 
combine with the antimony, while the fulphur 
of this laft unites with the mercury : hence 
during the procefs the produfts appear in the 
following ordar ; firft, the corrofive muriat, or 


butter, of antimony, palles into the receiver,' 
tlicn fome undecoinpofed corrofive fublimate 
makes its appearance, and laftly, at a red heat, 
the cinnabar rifes and attaches itfclf to the neck 
of the retort. 

*^rhe a£lion of mercury and its oxyds in the 
moiit w’ay upon the alkaline fulphurets, hydro- 
lulphurels, and hydroguretted fulphurets, is 
very llriking, and has received much attention 
from various chemifts, though from the natural 
intricacy of the inquiry many diflicultics yet 
remain to be cleared up. 

It w'as an oblervation by Schultz,* in the 
German Epheinerides, that firft of all we be- 
lieve attra^cil the attention of chemifts to tliis 
fubjefl. lie obferves that if 36 grains of mer- 
cury be put into an ounce vial, with half an ounce 
of Boyle’s fuming liquor, for a few days, and is 
frequently fhaken during the interval and ocjca- 
fionally expofed to a gentle heat, the mercury 
will become at firft black, and after a wdiile will 
be w'holly changed into cinnabar 5 wdien this 
has taken place, the fupernatant liquor will be 
found to have loft its odour and colour, and 
will bg covered with a falinc pellicle. Hoflman 
and Wieglcb verified this obfervation and fup- 
poTted it by fome new experiments, to which 
Beaume foon after made fome very valuable 
additions. He put into a vial fome mercury 
with twrice its weight of volatile liver of fulphur ; 
upon agitating the mixture the mercury was 
immediately converted into a black powder, 
which thrc<J days after w’^as found to have ailunicd 
the appearance of cinnabar, and cryftallizcd in 
thick and very fliort prifms. 2. Sulphat of 
mercury being mixed with volatile liver of ful- 
phur, a confidcrable heat aitd ebullition was 
produced, and the mercury became black ; three 
days after, the fupernatant liquor now colourlefs 
was poured off, and a frefli portion of liquid 
fulphurct was added, in the fpacc of two days 
more the precipitate was changed into cinnabar. 
3. To a folutiou of nitrated mercury volatile 
liver of fulphur was added as in the former 
cafes, a confidcrable heat was produced and a 
copious black precipitate fell down, which in the 
fpace of a week had acquired a brick colour ; 
the clear liquor was then poured off, and re- 
placed by a frcfli quantity of ammoniacal fulphu- 
ret, by which in the fpace of a few hours the 
colour of the precipitate was raifed to a bright 
fcarlet, fully equal to that of the beft fublimed 
cinnabar. 4. A mercurial ethiops was made 
in the ufual way by melting together four parts 
of mercury and one of fulphur, this was pul- 
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▼crized and put in a vial with volatile liver 
of fulphur, by which in the fpace of half 
an hour it was converted into fine cinnabar. 
Similar ciFefts to the above were obferved to 
take place when a fixed alkaline liver of ful- 
phur was* made ufe of, only the change of colour 
from a black to red was confidcrably flower, 
and the colour itfelf was Icfs pure and brilliant. 
The laft improvement in the preparation of 
cinnabar in the moifi way, was made by M. 
KirchofF, of Peterfburgh, and Count Mouflin 
Poufchiii.* Three hundred grains of mercury 
and 68 grains of fulphur, are to be triturated in 
a porcelain cup with a glafs peflle, a few drops 
of cauftic potafli being added to expedite and 
perfeft the combination of the two ingredients : 
when a perfeft ethiops is thus formed, there is 
to ‘be added i6o grains of potafh difiblved in an 
equal quantity of water, and the cup with its 
contents is to be heated over a lamp, care being 
taken to continue without interruption the tritu- 
ration with the glafs peftle. In proportion as the 
liquid evaporates frefh water mufl be added fo 
that the ethiops may be conftantly covered 
nearly to the depth of an inch. In the fpace 
of about two hours the colour begins to chriiige 
from black to brown, and then no more water 
is to be added, but the trituration is to be conti- 
nued as before. As foon as the mafs acquires 
a gelatinous confidence the colour becomes 
more red and brighter with great rapidity : this 
is the moft critical point of the whole procefs ; 
for if the heat Is not continued a fufliciont length 
of time the utmofl perfeftion of colou? is not 
attained, and if it is perfifted in only two fe- 
conds too long, the tint is degraded to a dirty 
brown, incapable of being amended. 

Thus far the preparation in the moift way of 
this beautiful colouring fubfiance was carried 
by M. Kirchoff, to which the following important 
additions were made by Count MouffinPoufehin. 
Firft, the cup with its contents fhould be re- 
moved from the lamp or fand bath before the 
cinnabar has acquired its full degree of red- 
nefs, and kept for three or four days at a tem- 
perature of loo® Fahr. ftirring it up and adding 
a little water from time to time ; at the expi- 
ration of this period the mafs being allowed to 
become nearly dry, will be found to have ac- 
quired all the vividnefs which the fuccefsful 
accomplifhment of Mr. KirckhoflF*s procefs 
could have produced without the rifk of de- 
ftroying it by too long continuance of the heat. 

Xn order to feparate the alkaline fulphuret from 
^ • Nich. Journ. 
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the cinnabar. It muft be mixed with boiling 
water in the proportion of about a quart of the 
latter to an ounce of the former : after ilirring 
the whole up for a few fcconds the water will 
become quite black, and is to be poured olf 
as foon as the cinnabar has fubfidcd : the cdul- 
coration is to be coinplcatcd with frcfli parcels 
of hot water, rill all the hepatic tafte and odour 
is entirely wafiied away, and pow the cinnabar 
will be very beautiful, diflering from the^ com- 
mon fublimcd by a flight tint of yellow. A 
farther improvement in the cinnabar may now 
be biwight about by the procefs of wafliing 
over : for this purpofe let two or three ounces 
be put into a glafs jar with feme cold water, 
and mix the whole accurately by ftirring, then, 
after an interval of a few feconds to allow tlie 
heavier particles to fubfidc, pour the turbid 
vrater into a difli, and drain it off again as fooii 
as it has become clear. The cinnabar thus fepa- 
rated will be found tq be very brilliant, and 
approaching to carmine : the refidue may be 
treated twice more fucceflively in the fame man- 
ner, and two more parcels of cinnabar inferior 
to the firft, but ftill very good may be obtained, 
the rcfiduc is a brown fulphurct of mercury of 
no value as a pigment. To give the cinnabar 
the higheft degree of beauty it is now to be 
dried (lowly, and then is to be laid in finall 
quantities at a rime on a plate of glafs or glazed 
earthenware, pretty ftrongly lieatccl ; tlie colour 
in an inftant becomes brown, anrl then a very 
dark violet grey $ it is now to be thrown upon a 
cold plate, where it pafles in an inftant to a 
brilliant carmine red. 

Concerning the nature of the chemical a£lion 
that takes place in the preparation of mercury 
by the moift way, there has been much con- 
troverfy, nor is the fubje£l even yet entirely 
free from diflicultics. From the experiments 
however of Prouft, Dertliollet, and other che- 
mills, it appears ill, that the pure and recently 
prepared alkaline hydrofulphurcts have no a£lion 
on metallic mercury ; but that when by expo- 
fure to the air thefe hydrofulphurets become 
coloured and converted into hydroguretied, or 
more properly into hydrofulphuretted fulphurcts, 
the mercury dccompofcs them by uniting with 
the fulphur, and thus reducing them again to 
the (late of fimple hydrofulphurcts ; the mercury 
is by the fame procefs changed into the black 
fulpnuret, and is fparingly foiubie in the fuper- 
natant hydrofulphuret. As foon however as 
the black fulphuret is changed to cinnabar it 

4t«. 11. p, 1. 

M 



M E R 


ME R 


( SO ) 

ccafes to be folublc in an alkaline hydrofulpliu- mercury ^ by dillillina together equal parts of red 
ret, whence the fupernaiant liquor at the con- oxyd of mercury and phofphorus^ together with 
eiuflon of this procefs confills merely of the a little water : during the procels the red oxyd 
alkali combined with a variable proportion of becomes black and unites to the phofphoruSf 
fulphuretted hydrogen, as is manifeit from its and phofphoric acid is produced. This combi- 
giving out fulphuretted hydrogen, but no ful- nation may be more eafily efFedfcd according 
phur, by the adbion of acids. to Dr. Thomfon, by ufing the grey oxyd rf 

2. If inftcad of an alkaline hydrofulphuret, mercury. Phofphorus and mercury in the me- 

a liquid alkaline fulphuret, holding as little as t.illic flatc cannot be made to combine, except 
pofllble of hydrofulphuret be employed, the the latter is in a ftate of extreme divifion. Phof- 
adlion of the mercury is immediate, the whole phuret of mercury is a fiibftance of a moderately 
of the fiilphur combines with the metal, and iolid confiftence, a black colour, and may be cut 
the ethiops tlius produced is partly taken up by With a knife ; when expofed to dry air it exhales 
the alkali, but is depofitcd again as foon as the white vapours of phofphorus. It is decompofed 
ethiops is converted into cinnabar, fo that the by diftillation, the phofphorus firft comes over 
clear and colourlcfs fupernatant fluid contains and then the mercury, each fubllance being 
now only alkali with the cafual quantity of ful- found in the receiver perfedtly feparate. 
phuretted hydrogen originally contained in it. Mercury is capable of uniting with many .of 
and which appears to have been entirely inert the other metals, and thefe combinations have 
during the whole procefs. obtained the name of Amalgams. They have 

3. If to a pure alkaline hydrofulphuret there received confidcrable attention from various 
be added fome red oxyd of mercury, the liquor chemifts, though by no means fo much as their 
becomes hot, acquires a yellow colour, and if chemical importance deferves. Before we pro- 
the proper quantity of metallic oxyd has been ceed to notice the particular amalgams we fhall 
ufed, both tlie hydrofulphuret and metallic oxyd mention a few general obfervations that are 
will be entirely decompofed ; the oxygen of tne applicable to all of them. 

one and the hydrogen of the other by their Firft with regard to the preparation of amal- 
combination will produce water, the mercury gams. It may be remark^ that the care nc- 
will faturate Itfelf with folphur and become cefTary in their preparation depends conliderably 
ethiops, and the fupernatant liquor is a pure on the degree of affinity fubfifting between the 
alkaline fulphuret from which the acids arc mercury and the other metal. Where the 
capable of precipitating the fulphur, but of not affinity is very powerful, as is the cafe with 
feparating a Angle atom of fulphuretted hydro- gold and filver, the fluidity of the mercury 
gen. without any other condition will effefl a com- 

4. If a folution of common alkaline hepar or bination even at the common temperature, 

hydrofulphurettcd fulphuret, be firft brought Other metals of ftronger cohefion or weaker affi- 
to the ftate of Ample fulphuret by the addition • nity require the alliftaiice of beat to make them 
of a little red oxyd of mercury, and there be amalgamate; while thofe metals that are in- 
afterwards added a frefh portion of oxyd, a fuAble, except at a temperature equal to the 
great incrcafe of temperature is obfen^ed, part rapid volatilization of mercury, as copper, re- 
of the fulphur is converted into fulphureous quirepeculiar precautions to bring about a combi- 
acid by a portion of the oxygen, while the re- nation. Amalgams may be made either folid or 
mainder of the oxygen quits the metal and af- fluid, according to the proportion of mercury that 
fumes the gafeous ftate, cauAng an efFervcfcence enters into this compoAtion; the quantity how- 
during its difengageinent : when this has taken ever of this laft tliat is required to give the amal- 
place the fupernatant liquor contains the alkali gam a fluid ftate, is different for each metal, 
of the hepar with a little fulphureous acid, and 2. All the appearances that happen during the 
often a finall quantity of red oxyd if an excefs compoAtion of metals with mercury indicate a 
of this fubftance has been made ufe of. real folution of one in the other, owing to the 

The dedu£lion from thefe experiments is, chemical attra£Iion between the bodies fo unU 
that neither oxygen nor fulnhuretted hydrogen ting. Hence during amalgamation as is the 
enter into the compoAtion of ethiops or einna- cafe in all other inftances of folution, a very 
bar ; and it is higlily probable that the only obfcrvable change of temperature takes place, 
difference between them conAfts in the proper- Another remark^Ie phenomenon is the tenden- 
ilon of fulphur. cy to oxydation which both metals exhibit 

Phofphorus may be made to combine with during their combination. Thus if bifmuth^ 

^ lilem. dc Pellet, il. p. 4 %, 
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nini or lead^ are amalgamated with mercury, thicknefs be immerfed in mercury for a few 
'a quantity of black powder is formed as the days at the common temperature^ it will not 
procefs aavancesj which is a compound oxyd of only be fuperficially corroded, but will be 
.mercury and the other metal. rendered fo brittle as to break with a i*ery 

The fpecihc gravity of amalgams as of all moderate force; and its fraAure wilt exhibit 
other alloys, is different from the mean fpecific minute threads of mercury that have infinuated 
gravity of their component parts. thcmfelves through its pores and thus dcflroyed 

The more decidedly cryflalline form of amaU its du6l:ility. Amalgam of gold is of a yellow- 
gams is a circumftance that remarkably diitin- i(h white colour and cryilallizes in tetrahedral 
gulflies them from other alloys. All amalgams prifms, when compofed of fix parts of mercury 
are brittle, and any of them when broken exhibits to one of gold. It melts at a moderate tem- 
*a granular or laminated texture which by the mi- perature and at a higher the mercury flies oil 
crofeope wdll be found to be owing multi- leaving the gold behind. If a very fluid amal- 
tude of minute cryftals applied by their lurfaces gam confifting of i part of gold, to 48 of 
to each other, but not adhering with any confi- mercury, be expofed with acccls of air to a 
clerable force. Induced by thefe appearances M. moderate heat (as in the preparation of precipi- 
$age fucceeded in obtaining regular cryftals of tate per fe) not only the mercury, but even the 
moft of the amalgams by the followine method, gold will be oxydated. At a foniowhat higher 
Having prepared a very fluid amalgam by adding heat both oxyds are again reduced to the 
from four to fix times as mych mercury as of metallic ftate. 
the other ingredient, he put it into a retort. Silver and Mercury. 

and by a gentle fand-bath heat diftilled over a Silver in the order of its affinity for mercury 

fourth or even a third of the rhercury, the ftands next to gold, and its amalgam may be 
refidue being then allowed to cool gradually, prepared in precifely the fame way. Its colour 
was found regularly cryftallizcd at the bottom is filvery white, it cryftallizes in oi^l;ohedrons; 
of the veflel. its fpecific gravity is remarkable, being greater 

Amalgams may be decompofed by heat; but even than that of mercury, the heavieft of its 
the laft portions of mercury are not driven off ingredients, hence it finks in this fluid when at 
without a much higher degree of heat than is the common temperature, as was firll obferved by 
required for the volatilization of pure mercury. Gcllert. That moft beautiful preparation the 
Hence a large proportion of the volatile metals Arbor Diana^ is a cryftallizcd amalgam of 
and a fmaller even of thofe which are confidcred filver, for a particular account of which wc 
as very fixed, unites with the mercury and is refer the reader to the article Silver. 
carried over by it. Tin and Mercury. — LEAnand Mercury.— 

As each metal has its peculiar affinity for ZiNc.indMERCURY. — Bismuth and Mercury. 
mercury, it is obvious that an amalgam may be Thefe amalgams arc prepared by melting the 
decompofed by tfic addition of a metal that has folid metal in a crucible and adding to it as 
a ftronger attra<fl:ion for mercury than that of foon as the fufion is compleated an equal 
which the amalgam is compofed: upon this w»^eight of mercury previoufly made nearly boiling 
fubjedi how'^ever no very accurate experiments hot in another crucible, and then keeping the 
Jiave been as yet made, which is the more to mixture at a temperature fully equal to preferw 
be regretted as it would aflift the inveftigation its fluidity till the combination is compicat. 
of the intereftin^ and important, but difficult All thefe amalgams are pofTcflbd of confideiable 
fubjefk of metallic alloys. folidity; their colour is intermediate between 

Gqld and Mercury. that of the metals of which they are compofed; 

Xke ftrong affinity of thefe two fubftanccs and their texture is granular. If equal parts of 
may be feen by dropping a globule of mercury' the folid amalgams of lead and bifmuth arc 
on a plate of gold: the fphericity of the globule triturated in a mortar, a combination fpeedily 

will almoft immediately be loft, and the mer- takes place, and* the refult is a compound 

cury wherever it fpreads covers the furfacc of amalgam very nearly as fluid in the , common 
the gold with a bright filvery ftain. The temperature as pure mercury: advantage is 
amalgam of gold may oe prepared by grinding taken of this property by fraudulent dealers to 
together gold leaf and mercury in a mortar adulterate mercury by a mixture of thefe two 
'with a little hot water, or by digeftihg together cheaper metals, and when the mercury amounts 
mercury and gold filings or clippings in a to 70 or 80 per cent, it is not cafy from the 
crucible or flafk, till the combination is com- mere look to deteft the cheat. If the mixture 

pleat. Even if a bar of gold of confiderable of tliefe two amalgams be made in the palm of 
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the h»ncl a fcnfation of cold is- experienced 
during the combination nearly equal in intenfity 
to that produced by the evaporation of common 
fpirit of wine. If a Hick of tin be placed in 
this Ihiid compound amalgam when the weather 
is cool, it will be found in the courfe of two or 
three days to be confiderably corroded by the 
mercury, at the fame time cubic cryftals of 
amalgam of bifmuth, apparently with a very 
fmall proportion of mercury, will be found 
adhering to the tin. A fimilar elFeft will be 
produced if equal parts of the amalgams of tin, 
lead, and bifmuth arc mixed together at the 
temperature of boiling water, and the compound 
be then expofed for a few days to a very flight 
froft; cubic cryftals of bifmuih nearly a quarter 
of an inch long will be found floating on the 
furface. 

Antimony and Mercury. 

Tlic aflinity between thefe two metals is but 
feeble, and the heat necelTary for the fufion of 
antimony being equal to that at which mercury 
is volatilized they cannot be conveniently mixed 
by fufion. They may be made to combine 
however by taking fome perfe£lly pure regulus 
of antimony, reducing it to a fine powder, and 
then triturating it for a confiderable time with 
mercury and boiling water. The properties of 
this amalgam have not been examined. 

Copper and Mercury. 

Thefe two metals for the fame reafon as that 
alledged in the former paragraph, cannot be 
combined by fufion. Filings of copper and 
mercury may by long trituration in hot water 
be made to unite. But the moft efFeftual 
method of preparing tliis amalgam is the follow- 
ing. To a hot folution of fulphat of copper 
add a little muriatic acid and a few fticks of 
zinc, and boil the mixture for about a minute} 
by this means the copper will be precipitated in 
its metallic ftate, and in a finely divided fpungy 
form: take out the pieces of zinc, pour ofF the 
liquor and edulcorate the copper thoroughly 
with hot water, then pour on it a fmall quan- 
tity of dilute nitrat of mercury, by which every 
particle of copper will be covered in an inftant 
with a coating of mercury} now add running 
mercury to the amount of two or three times 
the weight of the copper, and a very flight 
trituration will combine them fo far that the 
completion of the procefs may be cirefted by 
lieating the mixture for a few minutes in a 
crucible. 'The amalgam of copper is of a 
vctldilh white colour, and has not as yet been 
cvainined. 


Iron and Mercury. 

Iron is generally confidered as incapable of 
uniting with mercury. It is ftated however in 
CrelFs Journal® that 'Mr. Vogel has fucceeded 
by the following procefs. Take half an ounce 
of iron filings and one ounce of alum and rub 
them together to a very fine powder, add to 
this from an ounce to an ounce and a half 
of mercury, and triturate till the amalgam 
begins to be formed: a little water is now to be 
poured in, and continued agitation liad rccourfe 
to for an hour: the alum is now to be diflblvcd 
out and the amalgam of iron will remain behind. 

A compound amalgam of iron and zinc may 
kc prepared in the following way.^ Make an 
amalgam in the ufual method of equal parts of 
zinc and mercury : mix this with half its weight 
of clean iron filings, and rub the whole accu- 
rately together in a mortar} this being finifhed, 
pour on feme muriat of iron and continue the 
trituration as long as any cffcrvcfcence or difen- 
gagement of hydrogen gas takes place, when this 
ceafes pour otF the fluid and add more muriat, 
repeating the procefs till the laft addition of 
muriat ccafcs to caufe any eflervefcence. Tlic 
amalgam will now be confiderably ftifl^ and 
upon breaking it the particles of iron will 
appear imperfeftly combined with the mercury. 
Being now carefully dried, it muft be prefled 
into an earthen crucible and covered with tallow 
to prevent its oxydation, and a heat being ap- 
plied enough to volatilize the tallow, the amal- 
gam will remain behind and is compleate<^ . 
This compound amalgam has a filvery white 
colour, an uniformly granular texture, in hard- 
nefs is nearly equal to reguline antimony, and 
is not fubjedt to ruft by expofure to the air. 
It is not capable of afiedling the magnetic 
needle. 

A ^compound amalgam of iron and tin is 
readily and efFedlually prepared by melting 
together a few iron nails with about four times 
their weight of grain tin, and then digefting 
this alloy for a few hours in boiling mercury 
'till it is diflblved. This amalgam is of a filvery 
white colour, has a confiderable toughnei^ 
approaching to malleability, and attra^s the 
magnetic needle. 

Brass and Mercury. 

'lliis amalgam may be expeditioufly and com- 
pleatly prepared by triturating an amalgam of 
zinc with fulphat or muriat of copper till the 
liquor becomes colourlefs, and then keeping the 
mafs in fufion for a few minutes to compleat 
the combination.^ 

* ' Ditto. 


• Ann. dc Chem. p. 39. 


* Or>. Exper. 
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The ufes of mercury and its preparations are 
numerous and important. Its chief confump^ 
tion is in the fepavation of gold and filver from 
their ores: it is alfo largely employed by the 
gilders. It is of ineftimable advantage to ex- 
perimental philofophy as aflbrding a fluid the 
moft ufeful of all others for thermometers and 
barometers, and is of great fervicc to modern 
chemiftry for confining thofe gafles that are 
abforbed by water. The arts are indebted to 
mercury for the filvering as it is called of 
mirrors, the gilding of buttons and other ar- 
ticles, and for that beautiful pigment cinnabar. 
The falts of mercury are of important ufe in 
the laboratory; and medicine is indebted to this 
metal in almoft all its combinations for fome of 
its mod powerful and beneficial inflrumcnts. 

MERCURY FULMINA'flNG (Hoiuard^s). 
This fingiilar preparation was difeovered by E. 
Howard, Efej. F. R.S. in a feries of experiments 
on the a^lion of alcohol on nitric acid. 

The mode of preparing it is the following. 
Difiblve lOO grains of mercury in an ounce and 
a half (by nieafurc) of common nitric acid of 
the fliops, which is of the fpecific gravity of 
about 1.3, affifting the folution by heat. When 
cold pour the folution upon 2 ounces (by mea- 
fure) of ftrong alcohol, and apply a moderate 
heat till the mixture begins to cfTervcfce. A 
white fume then begins to undulate on the fur- 
face of the liquor, during which a white powder 
precipitates which is the fulminating mercury. 
This powder is to be immediately wafhed with 
cold water, and dried at a heat not much ex- 
ceeding tliat of boiling water. 

In making this powder the prccife ftrength 
of the alcohol ar^l of the acid are not of great 
importance. The quantity produced varies ex- 
tremely, but is on an average about 125 grs. 
from 100 of mercury. Tlie colour is in general 
white. The temperature required for mixing 
the nitrous folution and the alcohol, ftiould be 
about 80° or 90®. 

This powder is remarkable for the extreme 
force of detonation which it poflefles when ex- 
ploded by various methods. Thefe are either 
concullion, for when a grain or two ^and no 
more Ihould be ufed for experiment) is laid on 
an anvil and ftruck fmartly with a hammer, it 
detonates with a dunning report, leaving the 
iron much indented ; or heat, the proper degree 
of which the difeoverer finds to bo about 368° 
of the thermometer ; or the eleftric fpark ; or the 
flint and deel in the method of common gunpow- 
der; or the of drong fulphuric add. It is 


equally inflammable in vacuo, as in air. TuU 
minating mercury differs from gunpowder pe- 
culiarly in this circumdance, that the force of 
cxplofion of the mercurial powder is almod im- 
menfe and far exceeding that of gunpowder fo 
as to fplit into pieces and utterly to rend anp 
fubdance by wliich it is confined ; but on the 
other hand the projcdlile force is very feeble and 
far diort of that of gunpowder. So that when 
the fulminating mercury was attempted to bo 
ufed in fire arms, a very fmall portion of it burd 
drong piece.s of ordnance, but where the piece 
dood the cxplofion, the ball was expelled with 
only a trifling force. 

The compofitioii of this powder is fumewhat 
complex, and the analyfis rather obfeure. Mr. 
Howard examined it chiefly in the following man- 
ner. Sulphuric acid, diluted with as much water, 
when digeded on the powder with gentle heat, 
difengaged a quantity of gas amounting to from 
28 to 31 cubic inches ii*om 50 grains of the 
powder. Of this gas the greater part was car- 
bonic acid, but after this had been abforbed by 
ammonia there remained about 5 to 7 inches of 
a gas refembling in every rcfpe£l the nitrous 
etherized gas after fimilar expofure to dilute ful- 
puric acid. This peculiar gas is highly inflam- 
mable, and enlarges the flame of a taper like the 
gafleous nitrous ox yd, and refoinblos the latter 
ill other properties, but diflers from it in being 
permanent over water and in refilling to deto- 
nate with hydrogen. The refidue of ico graiur^ 
of the fulminating mercury after trealmciil wirJs 
fulphuric acid was an infoluble powder wcigli- 
ing 84 grains, ami was found to coniift of oxu/at 
of mercury with a few globules of mercury in 
the metallic date. It was proved to be oxalat of 
mercury by digeding it \vi:Ii riirrat of lime, 
whereby (by a double deconipofition) nitrat of 
mercury and oxalat of lime was produced. 'I 'he 
fulphuric liquor after reparation of tlie infoJuble 
powder was then fatiiratcd with carboiiat of 
potalh, and 3.4 grains of carbonat of mercury 
were colledlcd. 

From the refult of many experiments, Mr. If. 
concludes that 100 grains of tlie fulminating 
powder confid, nearly, of 21.28 of oxalic acid, 
64.72 of mercury*, and the remaining 14 parts 
necelTary to compleat the Joo, are to be allowed 
for the nitrous etherized gas and an excefs of 
oxygen with which the mercury appears to be 
united. But it mud be obferved that the exaft 
compofition of this fingular powder dill requires 
much elucidation. 'I he carbonic acid which 
forms* fo large a portion of the gas expelled by 
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fulpiiuric acid is probably to be attributed to 
the decompofing a£rion of this acid on paVt of 
the oxalic acid^ whence arifes another fource 6f 
difficulty in obtaining an exzGt analyfis. 

As the original materials of which the ful« 
fninating mercury are compofed are nitric acid, 
alcohol, and mercury, the oxalic acid mu(t be 
formed during the procefs by the action of the 
acid on the alcohol, (a fadl which has been 
frequently obferved in experiments on nitrous 
etber) and fo completely is the acid decompofed 
that no trace of it appears (as acid; in the pow- 
der when compleat. 

The quantity of mercury nflually obtained 
from loo grains of the powder by no means 
equals the quantity employed in the procefs, for 
loo grains of meicury produce at lead i^:o of 
fulminating powder, whence if the whole of the 
mercury went to the compofition of tlie powder, 
loo grains of this latter ought to contain 78 
grains of mercury, but only about 64 arc a 61 u- 
ally obtained. This deficit of 14 grains from 
78, Mr. H. fuppofes to be volatilized in the 
denfe white fume which arifes during the mu- 
tual a£tion of the alcohol ' and nitric acid, and 
which when condenfed in bottles filled with a 
folution of muriated ammonia was found to give 
a mercurial precipitate with ammonia, precifely 
fimilar to that produced by ammonia and cor- 
rofive muriat of mercury. 

Mr. Burkitt has the following ufeful praflical 
remarks on the preparation of this powder. ^ 
Three ounces of mercury were diflblvcd in i J 
lb. of nitrous acid. The folution was poured 
into a large retort, into which had been pre- 
vioufly put 1 1 lb. of alcohol warmed to 8o*. In 
three minutes the ufual effervcfcence took place 
and the gas was conveyed into a large globe rc- 
ceiv'cr in contaft with water. In about twenty 
minutes the procefs was compleat, without the 
affifiance of artificial heat, and the fulminating 
powder precipitated, which when wafhed and 
dried weighed 3 ounces and 1 dram. The 
water in coiita£l w'ith the gas was covered with 
4 ounces of nitric ether which floated on it. 

It is a very remarkable and quite unaccount- 
able circumftarxe obferved by Mr. Cruikfliank, 
that the mercurial powder when exploding v/ill 
not fire gunpowder j for on fpreailing fome of 
the former on paper, and fhaking feme gun- 
powder over it, and firing the mercurial powder, 
the grains of gunpowder were collc£Icd entire 
after the explofioii. 


blftR'CURY Fulminating (^f Bayen.) See 
MskeuRY. 

MERGEL. See Marl. 

MEPHITIS is a general term for foul or 
refpirable air of w'hatever kind it be, and ufually 
is applied either to azotic or carbonic acid galles. 
MESOTYPE. See Zeolite. 

METAL. It is worthy of remark that the 
definitions of chemical bodies, in proportion as 
that fcience has advanced, have been drawn lefs 
from tlieir fcnfiblc qualities and more from their 
chemical ones, from which if fome advantages 
have been derived vet confiderable difadvantages 
have alfo hence arifen. Thus if a metal be defined, • 
a combtiftihli or oxydab/e fuhjlance capable %uien in 
the fate of oxyd of uniting •with acids and forming 
with them compound faltSy we fliall be in poL 
fellion of a chara£tcr applicable to all metals 
and to no other clafs of bodies, and yet fliall 
not have mentioned one of thofc properties 
which doubtlefs firfl led to the dilcovery of 
metals, and in which their principal value as 
fuch mufl always confifl. 

Tlie only metals known to tlie ancients w'cro 
gold, filver, copper, iron, tin, lead and mercury; 
and all thefe with the exception of the laft, 
bring malleable, duftile, fufible and capable of 
being polifhed, their ufe moreover chiefly de- 
pending on thefe properties, the qualities of 
malleability, duflility, fufibility and of reccivii'^ 
a polifli were confidered as eflential to and cha- 
raflieriftic of metallic fubftanccs. At length the 
lift of ancient metals was augmented by the ad- 
dition of three new ones, antimony, bifmuth 
and zinc, but thefe, though agreeing in other 
refpedts with the former, being more or Icfs 
brittle, it was found expedient to fubdividc this 
clafs of natural fubftanccs into the malleable or 
proper metals, and the brittle or femi-metaJs. 
Much about the fame time arofe the chemical 
diftinflion of metals unalterable by expofure to 
the air at a fufing heat, and thofe which in the 
fame circumftanccs w'crc liable to be calcined. 
The former of thefe were called perfeft or noble 
metals^ and the latter impcrfc£l or bafe metals: 
of the bafe metals fome w^ere afterwards found 
to be acidifiable, wdicnce arofe another ground 
of diftin£Hon. 

The number of metals at prefent known^ 
amounts to 27, which may be tabularly arranged 
as follow'S. 


• Phil. Mag. Tol. 17. 
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We fhall now proceed to notice briefly the 
generic characters of metallic fubftances. 

One of the moft remarkable is the peculiar 
luftre which their fmooth or poHflicd furfaces 
exhibit, and which from its being eminently 
charafleriftic of thefe fubftanccs has been called 
the metallic luftre : fome other mineraIsS indeed, 
as mica, Labrador felfpar, &c. poflefsthis luftre 
in a ftriking degree, but in all thefe it is always 
attended by a greater or lefs variablenefs of 
colour which never takes place in the pure 
metals, although it is very ftriking in many of 
their ores. 

The next remarkable property of metals is 
their opacity, which though very conflderable 
is by no means abfolute, as fome chemifts have 
inadvertently aftirmed, A piece of common 
leaf gold if held between the eye and a lumi- 
nous obje£t, will be found to tranfmit a 
light) nlver in the fame clrcumftances anbrds 
a white light, and it is extremely probable that 
all the other metals' if attenuated in the fame 
degree would alfo be tranfparent. 

In fpecific gravity the metals exceed all other 
known fubftances $ the native fulphat of barytes, 
the heavieft: of earthy minerals, being lefs than 
4| times as heayy as water, whereas die fpecific 
gravity of tellurium, the lighted of the metals 


bf title - - 


jnalltahU 


vdatile - 


^ fixed - - - 

finfufible or 
I granular - 


fiufible . - 


Agranular 
and brittle 


I fifible and 
\jnalteable 


I Arfenic 
I Molybdena 
J Tungften 
I Chrome 
k,Columbium 

{ Ofmium 
Uranium 
rTantaliuin 
1 Titanium 
I Tellurium 
4 Manganefc 
Cobalt 
I Antimony 
LBifinuth 
fZinc 
Lead 
Tin 
Iron 
Copper 
^Mercury 
f Iridium 
\ Rhodium 
Palladium . 
Nickel 
< Platina 
j Silver 
LGold 


is more than fix times as great as that of Mrater. 
Of fome of the more recently difeovered metals 
the fpecific gravity has not yet been afceitained, 
nor are chemifts by any means agreed refpefl- 
ing the relative gravity of the reft. This arifes 
partly from a difference in the purity of the 
fpecimens which have been the fubjefts of ex- 
periment, but principally from the variations 
of denfity which the fame metal will exhibit 
according to the preflure that it has been ex- 
pofed to, either during the a£l of folidifylng 
from fufion, or at any fubfequent period. The 
following is a lift of the metals hitherto ex- 
amined in the order of their fpecific gravities. 


Platina (hammered j - - - 23.00 

Gold 19-25 

Ditto laminated - - - - 19-36 

Tungften ------ 17.60 

Mercury (fluid) - - - - 13.56 

Palladium ----- 11.87 

Lead - ------ 11.35 

Rhodium ------ 11 .oo 


Silver ------- 10.47 

Ditto laminated - - - - 10.51 

Bifmuth ------ 9.82 

Uranium ------ 9.00 

Molybdena ----- 8.60 

Nickel ------ 8.51 
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8.31 

5.76 

7.78 

8.89 

7.64 

7.6, 

7-7 

^~o 6 
C.85 
6.71 
6. 1 1 


Arfenic ------ 

13 itro, according to Fourcroy 
Copper ------ 

Diuo in wire - - - - 

CoL.ilt ------ 

1 ron ------- 

Ditto hammered - - - 

Till 

Zinc ------- 

Manganefe - - - - - 

Antimony - - - - - 

Tellurium - - - - - 

The fudbility of metals is a property that 
eminently contributes to their ufefulnefs, fince 
without this it would fcarccly be poflible to 
feparatc them from the earths and other impu- 
rities with which tlnw are naturally mixed, un- 
lefs at an immoderate cxpencc both of time and 
labour; not to mention the vaft advantage as 
well as in accuracy as economy, of producing a 
veflel or inftrument by pouring the fluid ma- 
terial into a mould inftead of laborioufly carving 
it out from the block by the hammer and chizel 
or turning it in a lathc^ Tlie range of tem- 
perature at which the various metals become 
fluid, extends from the highefl; heat that our 
furnaces can produce, to a degree of cold never 
occurring naturally^ except in Siberia and the 
other inclement regions of the fartheft north. 
The following is the order of fufibility as far as 
it has hitherto been afeertained. 

Mercury - at — 39° Fahrenheit. 


Tin 

Bifmuth 
Lead 

Tellurium 
Zinc 

Antimony 
Silver 
Copper - 
Gold - 
Cobalt - - 
Nickel 
Iron 

Palladium 
Manganefe 
'L*itanium 
Platina - 


J 


from 442” Fahr. to a 
temperature ju 11 be- 
low that of red heat. 


lit - - 
' : : 


low red heat. 

- 1 from a bright or cher- 

- >- ry red to, a low” white 

- j heat. 


from a full white heat 
to the greateft heat 
of a wind or hlaft 
furnace. 


capable of being ren- 
dered foft anil co- 
hefive, but fcarccly 
fuflblc in the great- 
eft furnace heat. 

Some metals however appear to be abfolutely 
Micapable of proper fufioii, on which account 
they can only be obtained in the ftatc of (lightly 
cohering fcales or grains, very diflerent from 


the button formed by the fuflblc metals. That 
this granular form is not occafioned by a de- 
fic’oncy of heat, is maiiifed from the volatili- 
zation of tliefo metals without fufion by an 
iiicreafed temperature. *^111118 arfenic is con- 
verted into vapour at the heat of melting lead, 
tungllen at a very intenfe wdiitc heat, and per- 
haps molybdena, chrome and uranium at a 
fomewhat higher temperature. M.iny of the 
properly fufible metals are alfo known to be 
volatilizable at a heat conflderably above their 
point of fuflon, and this is probably the caf-! 
with all of them. Thcfe two eflcfls however, 
though depending on the progrelfive energy of , 
the fame caufe, heat, by no means follow the 
fame order ; arfenic ranks the firfl in volatility, 
then comes mercury, to which fuccced zinc 
and antimony. All the fufible metals may be 
obtained in a cryftallinc form, by means wdiich 
has been already related in the article Crys- 
tallization: 

Another ftriking and valuable property of 
metals is their cxten Ability. This by the an- 
cients was reckoned one of the eflciitial cliarac- 
ters of metallic bodies, but has ccafed to con- 
tinue fo in confequcnce of the difeovery of a 
number of metals deftitutc of this quality. Its 
high importance however may be well judged 
of by obferving tlnit for almoll all mechanical 
purpofes the intrinfic value of mefals is inti- 
mately dependent on their extenfibility. Metals 
are extended cither by hammering or laminating, 
in which cafe they arc faid to be malleable, or 
by wire-draw”ing, when they arc faid to be duc- 
tile. The metal of greau ft malleability is gold, 
which may be beaten into leaves fo thin that they 
will float in the air like a feather : filvcr may 
alfo be reduced to nearly the fame (late of 
tenuity : after thefe may be ranked in the fol- 
lowing order copper, tin, lead, iron and zinc ; 
this lafl however in order to be pcrfeftly mal- 
leable, mud be made fomewdiat hotter than 
boiling w”atcr. The other tnalleable metals are 
platina, palladium, nickel and mercury, but no 
experiments have been made with fuiHcient 
accuracy to afeertain their proper place in the 
feries : it appears probable however that the 
three fird (hould be iiiferted between lead and 
iron. With regard to mercury, its extreme 
fufibility mud ever oppofe an infurmoun tabic 
obdacle to the determination of its malleability. 

It might at (ird fight appear to be a neceflary 
confequcnce that the dudlility of metals (hould 
follow the fame order as their malleability, both 
properties being merely a mode of extenfion ; 
out a little rcfle£lion on the prccefs of wire- 
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•drawing will evince that the duAIlity of a 
fubftance is compounded of its malleability and 
tenacity; hence iron, though by no means fo 
malleable as tin or lead, greatly furpafles them 
in duflility. All metals, in a greater or lefs 
degree, wnile undergoing the procefs of liam- 
xnering or wire-drawing, give out heat and fuf- 
fer a proportionable incrcafe of fpecific gravity; 
but at tlie fame time and in the fame proportion 
they become rigid and mo;*c difpofed to break 
or tear than extend evenly : their original duc- 
tility and foftnefs may however be reftored by 
annealing, which conft (Is in heating them mo- 
derately and allowing them to cool gradually ; 


by this the heat which was exprefled from them 
is reftored, and their fpecific gravity is reduced 
to its original amount. The quantity of ex- 
prcflible caloric contained in tough bar iron is 
lb great that by rapid hammering it may a£lu- 
ally be made red hot, whcreais lead by the fame 
treatment has its temperature raifed only a few 
degrees. 

The tenacity of a metal is eflimated by the 
weight, required to break a wire of a given dia- 
meter when fufpended at one end of it while 
the other end is made faft to a bar. The moft 
accurate experiments on this fubjeft are thofc 
of Sickingen, from which it appears that 


a wire of iron of an inch in diameter will bear 705. lbs. avoirdupois before it breaks. 


— copper : 387. 

— platina — 351. 

— filver — — 239. 

— gold — — 191. 


The tenacity of tii\ is greatly inferior to thtft 
of gold, and the tenacity of lead is the lead of all. 

On the chemical properties of metals a few 
word^ will fuflice, as each individual metal is 
treated of much at length in its proper place. 

Metals are fimplc fubftances 5 at lead if they 
arc not abfolutely fo, yet there is no indance of 
any one of them having been hitherto decom- 
pofed, notwithdanding the aimed innumerable 
procefTes to which they have been fubje£led for 
this very purpofe. The metals are very gene- 
Tally by modern chemids ranked among the 
Ample combudibles, and indeed in many re- 
fpe^ts a very drong analogy exids between 
them. By mere heat I hey undergo no change 
except of form, becoming liquid or afluming a 
date of eladlc fluidity according to the degree 
of temperature : but when expofed at the fame 
time to heat and oxygen gas, they enter into 
aflive combudion and unite with oxygen, light 
and heat being evolved during the procefs. Nor 
are they only capable of combining with oxygen 
when prefented to them in the date of gas, but 
alfo of decompofing many fubftanccs into which 
this ingredient enters by means of their drong 
affinity for it. Hence atmofpheric air, water, 
the compound acids, and fevcral of the neutral 
falts are thus capable of being decompofed; 
the metal becoming oxydized, and the other 
bafe with which the oxygen was at fird united 
being either entirely deprived of it or reduced 
to a low date of oxygenation according to cir- 
cumdances. The affinity for oxygen manifeded 
by the different metals is extremely various in 
^degree, fome entering into aflive combudion 
' wmn expofed to atmofpheric air at a heat fome- 
▼OL. II. 


what greater than that required for their fiifion, 
ad zinc and iron, while others in the fame cir- 
cumdanccs are flowly oxydized without much 
appearance of combudion, and others again, as 
gold, filver and platina, appear wLolly incapable 
of being oxydized by this procefs. A fimilar 
difference may be remarked in the habitudes of 
metals with regard to every mode of oxydation, 
whether through the medium of the dccom- 
pofition of water, of acids, or of the neutral 
falts. Some metals are capable of combining 
with oxygen in two or more proportions, as 
iron, lead and tin, but even in the highed date 
of oxygenation they never affume acid charac- 
ters ; while on the other hand fome metals, as 
arfenic, molybdcna and chrome, when faturated 
with oxygen, are compleat acids, exhibiting 
every chara^fer of fuch. Metallic oxyds and 
acids may all be brought back again to the rc- 
guline or proper metallic form by being expofed 
to the aftidn of any fubdance that lias a drongcr 
affinity with oxygen than they themfelves pof- 
fefs ; thus charcoal, hydrogen, phofphorus and 
fulphur, though in certain circuniftances they 
are dcoxygpnizcd by the metals, are very capa- 
ble in other circumdanccs of decompofing me- 
tallic oxyds by abdraftion of their oxygen. 

Metals when in the date of oxyd arc capable 
of uniting with acids forming the metallic falts, 
with fulphuretted hydrogen, and in fome cafes 
with the alkalies ; at a high heat they become 
mote or lefs tranfparcnt, affume the vitreous 
texture, and arc called metallic glaffes ; they are 
now capable of mixing with other vitrefeeut 
mixtures, to which they communicate their 
own peculiar colours. 

u 
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Metals in the reguline (late combine vrith 
each other, forming various Alloys, and with 
phofphorus, carbon and fulphur, forming the 
metallic phofphurets, carburets, and fulphurets. 

MICA. Glimmer IVern. Mica, Hauy and 
Broch, 

Its colour is a(h or fmoak-grey, yellowilh, 
greenifli and blackifli grey; it alfo occurs filvery 
white, bronze yellow, copper-red, brownifh 
red, tombac-brown, blackiih brown, greeniOi 
black, and mountain green. It occurs moft 
ufually difleminated, often fuperficial, rarely in 
mafs, and ilill more rarely cryllallized. Its 
primitive figure is a (hort (Irait prifm with 
rhomboidal bafes, the alternate angles of which 
meafure 6o° and lao®. It alfo occurs in (hort 
regular hexahedral prifms or tables. Sometimes 
tlie lateral edges are replaced by planes, form- 
ing an angle of about ioo° with the bafe to 
which they adjoin, thus Yeprefenting a very 
(hort hexahedral prifm terminated by very deep- 
ly truncated hexahedral pyramids. It alfo 
(ometimes prefents reflangular tables. The 
bafefS of the cryfials are fmooth and (hining: 
internally it is (hining and very (hining, with a 
relinous, pearly, or metallic lullre. Its fra£lure 
is generally firait, curved, or undulatiiigly 
foliated, fometimes, though rarely, divergingly 
radiated; its fragments are tabular and indeter- 
minately angular. When in mafs it is compofed 
of granular and wedge-fhaped diilin£l concre- 
tions. When in thin plates it is tranfparent or 
femitranfparent; thofe varieties with a metallic 
luflre are only tranilucent on the edges. It 
may be feraped cafily by a knife, is flexible and 
moderately elaftic, when in thin plates may be 
cut like foft horn, and is fmooth but not 
un£luous to the touch. Sp. gr. 2.79^0 2.93. 

Before the blowpipe mica fufes with difficulty 
into an enamel, which, when black mica is 
employed, is ufually magnetic. 

Mica has been analyfed by Vauquelin, and 
the variety called Mufeovy Talc by Bergman, 
with the following refults: 

V auq. Berg. 

Silex - * . . 50 — • 40. 

Alumine • • • 35 — 46 

Lime .... 1.33 — o 

Magnefia . ^ . i .35 — ^ 5 

Oxyd of Iron . . 7. — 9. 

94.68 100 

^ Lofs . . 5.32 

Mica is confidered as belonging effentially to 
the primitive rocks, and for the moft. part 
'^flbciated with quartz and felfpar, as in granite. 


gneifs, and micaceous fchiftus: it is for tfie 
moft part difperfed through the entire fubftance 
of thefe rocks and occafionally forms fmall 
veins, in which laft the maffive and cryftallized 
varieties arc almoft excluGvely found. In the 
moft ancient large grained granite plates of 
mica frequently occur of the length of three 
inches or more; and the veins of mica which 
occafionally traverfe this fpecies of rock have 
been known to afford plates nearly 5 feet 
fquare. Mica in fmall fpangles is by no means 
unfrequent in the flaty fanditone that accompa- 
nies the independent coal-formation and the 
beds cf alum (late: it is alfo met with, though 
more rarely, in the rocks of trap-formation. 

The large plates of mica called Mufrovy 
Talc or Mufeovy Glafs, are procured chiefly 
from Ruflia; of late years a fomewhat inferior 
kind has been dug in the province of Penfil- 
vania in America : it is tranfparent, has a 
fmoaky tinge, and is in common ufe in (lead of 
window-glafs in the neighbourh.ood where it 
procured. It was employed iiiftead of glafs in 
the windows of the Ruffian (hips of war, as 
not being liable to be broken by the ooncuffioU 
of the air during the difeharge of heavy artillery, 
but it has the inconvenience of never being I’o 
tranfparent as glafs, and of becoming dim by 
continued expofure to the fca air. Mufeovy 
Talc may be divided into plates of almoit 
incredible tenuity, fome of them according to 
Ilauy being no thicker than of aa inch; 

this circumftancc added to its toughnefs and 
flexibility, render it peculiarly proper for in- 
dofing objeds to be infpefled by the folar 
microfeope. The gold and filver-coloured mica 
called vulgarly Cat's gpld and fiver, is employ- 
ed with good efFeft in froft-work ornaments 
inftead of more coftly materials. 

Ml C ACEOUS SCHISrUS . Glimmer- 
fehiefer JVern, Schifte micace Broch. 

Micaceous fchiftus is a fpecies of rock be- 
longing to the clafs of primitive ones, and is of 
great importance both in a geological and mine- 
ralogiCal point of view. Both its^ name and 
external charaiiers are derived from the mica 
which it contains, and which is always the 
moft ftriking, aixl occafionally the predominat- 
ing ingredient. It con fids eiientially of minute 
plates or fpangles of mica lying all in one di- 
redion, with granular quartz interpofed. The 
colour of the quartz is white, or grey, that of 
the mica is filvery white, or greyiffi white with 
a metallic luftre, fometimes brown, and rarely 
greeniih. The fra£lure of this mineral in the 
dire^ion of the mica is ilaty, though not pro-^ 
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;perly lamlnatied. Wlito pure, !t is hardly fufible 
/Without a flux. 

In fome varieties of micaceous fchiftus a con- 
iiderable quantity of felfpar is contained, when 
this is the cafe its texture becomes coarfer, and 
it is fcarcely to be diftinguifhed from gneifs; 
other varieties confift entirely of mica and gra- 
nular quartz, but this latter in fo great a pro- 
portion to the other ingredient that, its ilaty 
texture is almoft entirely obfc tired. 

Micaceous fchiftus frequently inclofes other 
minerals, particularly garnet, lelfpar, cyanite, 
and tourmalin. 

Mountains of micaceous fchiftus are by no 
means fo fimpic in their ,{tru Aure as thole of 

f ranitc and gneifs, fince they frequently contain 
eds of primitive Hmeflone, hornblende,^ flate, 
and rarely primitive gypfum j beds of aflyno- 
lite, pyrites, galena, and other metallic ores are 
alfo occafionally met with. Some of the rich- 
ell metallic veins arc alfo fituated in this fpcctes 
of rock, as is the cafe with moft of the mines 
of Sweden and Norway, and with a confiderable 
number of thofe in Saxony and Hungary. Mi- 
caceous fchiftus generally repofes on gneifs, and 
forms mountainous chains of confiderable extent, 
though feldom of any ^reat heighth. The moil 
interefling chains of this fpecies of mountain in 
Britain are the vales of the T^, and the Tum- 
mel. Strath Errick, and Glen Roy, in the Scot- 
tifli highlands. 

Micaceous fchiftus, when pure, is in much 
requeft for the walls and hearths of furnaces 
on account of its great infufibility ; it is alfo 
fplit into leaves for covering houfes, though 
for this purpofc it is inferior to flate. 
MICARELLE. See Pinit. 
MICROCOb*MIC SALT is the compound 
Phosphat of Soda and Ammonia (which fee). 
MILK, ivlilch. Germ. Lait. Fr* 

This fluid, the next in importance of all the 
animal liquors to blood, has been examined very 
largely by different chemifbs, and its analyfis is 
curious and important. Scheole,* Fourcroy, 
and Vauquelin, Parmentior and Deyeux,® and 
many others have given particular attention to 
this fubjc£l, and from their united labours the 
following general account of its properties may 
be given. 

Milk is a white opakc fluid, varying in -hue 
from a yellowifli to a blueifti tint, of a foft fome- 
what uiiAuous feel, and a fwcetifli and grateful 
tafte. It frequently is altered in tafte and fmell 
and fometimes too in colour, by the nature of 
the aliment wliich the animal takes. The fpe- 


eifle gravity of milk varies according to the 
animal that produces it, the food, and other 
circumftances. The gravity of cows milk is 
about 1.0203 according to Briflbn, and this it 
the lighted next to human milk. Sheeps milk, 
which is heavy, weighs 1.0409. 

The chemical compofition of this fluid is the 
fame in all animals, as Lir as has been examined, 
tliat is, all milks confift of the fame fubftances 
in intimate combination, but the relative pro- 
portion of thefe fubftances is probably not the 
fame in any two animals, and is fo remarkably 
different in fomc, as to be obvious to common 
obfervers. In a general view milk may be faid 
to be compofed of the following ingredients. 

1. Of the cafeous or curdy matter, which is 
feparablc from milk by various means, and par- 
ticularly by rennety and which when colledlcd 
and condenfed by prefTure forms cheefe. 

2. Of a true animal oil, butter, which is 
feparablc from the cream chiefly by agitation. 

3. Of a fweet watery fluid, the ferum or 
whey, which generally contains a good deal of 
the two former ingredients difl'olvcd, and alfo 
holds a quantity of faccharinc matter, of animat 
jelly, of muriat of foda, and potafli, and fomc 
phofphats. 

The further analyfis of thefe three fubftances 
will be prefently mentioned. 

Milk when moderately heated fwells and 
froths confiderably, and at about 200® of heat 
it boils.^’ At the fame time there forms on the 
furface a tough dry pellicle, which when re- 
moved is fucceeded by another, and fo on fuc- 
ceflively. This Ikin is the fame as the curd or 
cafeous matter obtained by the common means, 
and if the procefs is continued for a great length 
of time, all the curd may be feparated in this 
form, and a watery liquid alone will remain. 

If milk is evaporated to drynefs there remains 
a folid yellowifli extradl, known abroad by the 
name franchipaney and formerly iifcd in medi- 
cine. If the vapour diftilled from boiling niilk 
be condenfed in a proper receiver,* it forms a 
clear liquor of a faintifli tafte, which after long 
ftanding becomes muddy and putrefies. 

The coagulation of milk is one of the moft 
important changes which it undergoes, and is 
efFedlcd by a variety of methods. All the acids 
coagulate milk, alcohol and all vinous liquors 
do Uie fame, and alfo feveral vegetables. But 
the fpeedieft and moft perfcdl coagulation is 
efiedlcd by rennet, or an infufion of the fto- 
mach of calves, pickled and faked, which is the 
fubftance ufed in .making checfc. The gaftric 
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juice of all animals alft produces the fame 
eifeft, and hence coagulation is the firll procefs 
in the natural digeilion of this fluid. 

Coagulation is the moll convenient method 
of analyzing milk, and it is thereby refolvcd 
into two principal portions, the coagulum or 
curd^ and the •whey. The analyfis of each of 
thefe fubftances gives the following refults. 

Whey prepared by rennet (which is on the 
Tvholc the bed fubftance for coagulating milk 
for chemical analyfis) when filtered and clarified 
is a limpid yellowifli fluid, of a fwectifh and 
rather faline tafte, agreeable to moft palates, 
tts fpecific gravity is fomewhat lefs than that 
of the milk from which it is procured. Whey 
when gently evaporated to the confidence of a 
fyrup and allowed to cool undidurbed, depofits 
a fingular crydalline fweetifh matter called 
ftigar of fnilJt^ which is prepared pretty largely 
in fome of the Swifs cantons, and is ufed for 
culinary and medicinal purpofes. To prepare 
it, frem whey from (kimmed milk is boiled 
down to the thicknefs of fyrup, and then poured 
into earthen pots, where it folidifies and dries 
in the lun \ this mafs which is brown and 
impure is refined by re-folution, clarification 
with white of egg, and another evaporation, 
after which it concretes into white rhomboidal 
crydals. 

Sugar of milk when pure is a white crydalline 
fubdance, of a fweetifh and rathep-mawkifh 
fade, foluble in four parts of boiling Water and 
about twelve of cold- When drongly heated it 
turns brown, fwells up and exhales the drong 
nungent vapour of burnt fugar, and finally 
leaves a black coal holding about yV of its 
weight of fait, compofed according to Rouclle, 
of three parts muriat of potafh and one part 
carbonat of potafli. 

Sugar of milk has been ufually thought to be 
the chief agent in the vinous fermentation, 
which milk is capable of afluming, but it has 
been (hewn by Fourcroy and Vauquelin that 
this is a mldake, fincc during the procefs no 
fugar of milk is dedroyed, as much being found 
after as before fermentation. Neither is it 
capable of fermenting , by itfelf when difiblved 
in water and mixed with leaven. 

Sugar of milk when boiled with nitric acid 
repeatedlv, is converted partly into oxalic add 
and partly into a peculiar acid to which the 
term SaccholaSlic Acid^ or Acid of Sugar of Milk^ 
has been given. It was fird difeovered by the 
ingenious rcfearches of Scbeele,^ and has fince 
been found to be identic with the mucous acid. 


It is prepared by abdrafling nitric acid repeat- 
ediy from fugar of milk, during which an opake 
white powder feparates fird, and on cooling a 
quantity of crydals alfo forms. The former is 
the faccholaftic acid, the latter is oxalic acid. 
The faccholaftic acid is very fparingly foluble 
in hot water, and polteflcs very faint acid pro- 
perties, but its acid nature cannot be doubted 
fince it reddens litmus, has a flightly four tade, 
efFervcfccs with chalk, and forms neutral falts 
with alkalies. It has been drongly fiifpcdled 
to be the oxalic acid, whofe ufual properties 
are mafked by_ an intimate union with fome 
animal matter, but no fatisfadlory experiments 
have confirmed this opinion. Its properties 
will be further noticed under the article 
Mucous Acid. 

After the evaporated wdiey has depofited all 
its fugar of milk, the mother liquor is a brown 
vifeous fluid, which on cooling concretes into 
a tremulous jelly. It alfo contains mod of the 
faline parts of the milk, which may be obtained 
by diluting it with water and again evaporating 
judicioufly and dopping the procefs at intervals 
to allow of the reparation of the falts. The 
mod abundant of thefe is muriat of potafli, 
which appears in final 1 regular cubic crydals. 
Phofphat of lime is alfo contained in ferum .and 
feparates at lad, but it may be more immedi- 
ately obtained by adding lime-water to the whey 
before evaporation, this earthy fait being there* 
by rendered infoluble, the lime-water neutral- 
izing a fmall excefs of acid naturally exiding in 
milk which holds the phofphat in folution. Any 
of the alkalies will produce the fame efFe£I. 
The above two falts, muriat of potafh and phof- 
phat of lime alfo appear, on, calcining the dry 
refidue of evaporated whey, and lixiviating with 
water, the heat having dedroyed the acid 
whirh held the phofphat of lime fufpended. 

The phenomena attending the coagulation of 
milk by acids and by alcohol will be foon no- 
ticed, that by rennet is underdood at prefent. 

The curd of milk prepared by rennet, to be 
chemically pure, fhould be made of fkimmed 
milk, otherwife it contains much of the butter 
and oily part. The confidence of curd depends 
on a number of minute circumdances, being 
fometimes quite foft and gelatinous, fometimes 
firm and as it were knotty. It is much con- 
denfed and hai^lened by heat. A long conti- 
nued preflure is nccelTary, in order to feparate. 
entirely the adhering portion of whey. Curd 
(or chcefe; from fkimmed milk, when flowly 
dried in a moderate heat, becomes hard, brittle^ , 


E flays* 



MIL ( lai ) Mil. 


and tranfparent like horn, which may be feen in 
fome of the moft ordinary cheefes as prepared 
for food. Whilft it retains its flexibility it is 
extremely tough and tenacious, and when 
heated it draws out into long firings. If the 
heat becomes fcorching it melts, takes fire and 
burns with flame, fmoke, and a fetid ammonia- 
cal fmell. When diflilled perfe it alfo yields 
much ammonia, a fetid oil, much fulphuretted 
and carburetted hydrogen, and a denfe faliiie 
coal from which muriat of potafh may be ob- 
tained by lixiviation. Curd alfo contains much 
of the pliofphat of lime of the milk, provided 
the milk has not flood long enough to four and 
► generate an acid which would keep this earthy 
fait fufpended. And, when dry and horny, it 
will keep to an indefinite time in a dry air with- 
out change, but if foft and not well prefled, 
the- whey which it contains becomes four, and 
the acid itfelf in a few days is covered with a 
white mould, gives out a mod ofFenfive fmell, 
and flowly putrefies. But the fpontancous de- 
compofition of cheefe is very flow. 

Curd is infoluble in water, but when long 
kept under cold water, it is changed to a foft 
fatty matter, confiderably different from the 
original fubdance. Caudic alkali diflblvcs curd 
very readily, particularly if heated, and it may 
be again precipitated by acids. Some ammonia 
is difengaged during the folution. Ammonia 
alfo a£ls on curd with equal rapidity. Quick- 
lime, curds and water, intimately united by 
beating, form a diff padc of extreme tenacity, 
which foon acquires a drong hardnefs and is 
often ufed as a very firm cement. 

Fr< 5 m all the properties of pure curd it 
appears to bear the Itronged analogy with the 
white of egg, as Sclieele obfervfes, and it may 
be ednfidered as nearly pure albumen, but 
mixed with a certain portion of phofphqt of 
lime and a few other faline matters. Rouellc 
compared it to the gluten of wheat, which is 
alfo a jud comparifon, fince there is alfo fcarcely 
any afccrtainable difference between pure gluten 
and pure albumen when each is in a condenfed 
coagulated date. The effefl of acids upon curd 
will be prefen tly noticed. 

Butter, or the oily part of milk, is well known 
to be prepared from cream by long agitation. 
New milk is perfcflly homogenous, but on 
danding for fome hours at red it throws up a 
thick yellowifh- white cream, un£luous to the 
touch, and of a very bland agreeable flavour. 
In the procefs of churning, the cream feparates 
vifibly into two fubdances, the butter which 
colle£l5 in a mafs, and a thick white liquid, the 


buttermilk as it is called, and whey, and dill 
retains a little of the butter. 

Butter is much more eafily made from dale 
than from frcfli cream, probably owing to the 
fpontaneous change which cream undergoes by 
keeping, and the evolution of an acid. Butter 
often varies in colour, being of every lliadc from 
a faint yellowilh-whitc to a deep yellow, but the 
caufe of this variation is not very apparent. 
The aftion of the atmofpherc has been thought 
by fome to be concerned in the feparation of 
cream from milk, and of hutter from cream, 
but nothing in the lead degree farisfadlory has 
been brought in fiipport of this opinion, and it 
is certain that agitation alone in a corked bottle, 
will perfeflly feparate butter from cream. 

Frefh butter melts at about 98®, and when 
kept for fome time melfcd, a final I quantity of 
ferum and curd feparate from it. The butter 
becomes thereby more tranfparent, but has ac- 
quired a lefs plcafant talle. Butter when diiliiled 
perfcy fird gives over fome water holding fc- 
bacic acid, after which the greater part of the 
blitter rifes with a pungent unpleafant fmell, 
and fixes in the receiver into a concrete empyreu- 
matic greafe. A further didillation of this greafe 
gives a finer and more volatile oil than at fird, 
and other produ£ls fimilar to thofe of the animal 
oils, as will be further mentioned under the 
article Oil. Jiuttcr when long kept becomes 
excellively fetid and rancid, but this is in a 
great meafure prevented by faltiiig. Alkalies 
dillblve it with eafe into a pcrfofl; foap. 

On the whole, butter may be confidcred as 
mod rcfcmbling the animal oils, but intimately 
combined with a fmall portion of the curd and 
whey and other parts of the milk, from which 
probably it can never be feparated without total 
diforganizatioTi ; and indeed as milk is a natu- 
ral emulfion elaborated in the veifels of the 
animal, tlic crnibination of its parts appears 
throughout to be fo clofe that it is fcarcely in the 
power of art to break it intirely. Hence it is tliat 
wc fin<l the whe-y to retain almod to the lad 
fome of the curd and oil ; the curd to he a I moil 
infeparab’e from the lad portions of the whey and 
butter (to v/hich much of tl ic varieties of cheefe 
is to be attributed * and fome of the curd and 
whey to remain in the compofitioii of butter 
through every procefs. 

Wc proceed to deferibe the effcfl of acids 
upon milk, and the fpontancous eoagulation of 
milk by the acid which is generated in it by 
keeping for a certain length of time. • 

All acids readily curdle milk, and as appears 
from the experiments of Schcelc, confirmed by 
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tliofe of Meffi s, Fourcroy and VauqucHii,^ the 
roaguluin thus formed confifts of the curd united 
Tvith a portion of the acid employed, infomuch 
that if no more acid be ufed than is barely 
nerclTary, the whey ftiews no marks of acidity. 
The curd obtained by mineral acids (according 
to Scheele) is foluble in an excefs of the acid, 
but not that produced by vegetable acids. If milk 
be previoufly mixed with ten parts of water, no 
rnr«l is obtained by mineral aculs, hence the 
caufe of coagulation of undiluted milk in this 
cafe is, that tlie curd and acid together form a 
.compound which requires for its folution much 
more water than the milk contains. 

When milk is kept in a warm place it Is 
known to grow four and thick in about two 
days, according to the temperature. This four- 
nefs dally increafes, and is the ftrongeft when 
about a fortnight has clapfed, ancTit then confifts 
of a loft curd, acid and fomewhat naufeous to 
the tafte, and of whey highly four and whitifli. 
A llrong acid therefore generated in the pro- 
cefs which was firft accurately examined by 
Scheele, who difeovered that the acid differed 
from any other then known, and to which he 
gave the name of LaHic Acid. It was thus 
prepared by this excellent chemift : the four 
whey was filtered and evaporated till only onc- 
clghth remained. Some curd was feparated in 
the procefs, which being removed by filtration 
\hQ acid liquor was faturated with lime-water, 
by which a white precipitate of phofphat of 
lime fell down and was removed. To the dear 
liquor (confiding of the peculiar acid and lime 
and fome mucilaginous matter) juft enough of 
oxalic acid was added to engage and precipi- 
tate the lime, which left the acid of the"milk 
free in the liquor. This was then evaporated 
to the confirtence of honey, and ftrong alcohol 
added, which diffolved only the acid, leaving 
behind the fugar of milk and other fubftances 
contained in the whey. The alcoholic folution 
was then diluted with water, and the alcohol 
diftillcd off, which finally left the laclic acid 
in a liquid ftare in the retort as pure as it can 
ever be obtained. 

The laftic acid is deferibed by Scheele to 
have the following properties : evaporated to a 
thick confiftence it gives no cryftals, and when 
dried it readily deliquefees again ; when diftil- 
led it yields water, a weak acid like the tarta- 
reous, and afterwards empyreumatic oil, acid, 
and an inflammable air : faturated with potafli 
it' gives a deliquefeent fait, foluble in alcohol, 
and with feda an uncryftallizable fait, but alfo 


foluble in alcohol. With ammonia and the 
earths it forms deliquefeent falts. It diilolves 
iron and zinc, giving out inflammable air, .and 
a£ts upon fome of the other metals. 

It cannot be formed direftly from four whey 
by diftillation, for .on making the trial, only a 
flightly acidulous water rifes in a boiling heat, 
and by far the greater part of the acid remains 
behind in the retort. From .its very clofe rc- 
femblance to vinegar, the difcovcrer confiders 
it as an impcrfefl: acetous acid, containing the 
materials of this acid, but wanting the vinous 
fermentation to be compleatly elaborated. In 
proof of this opinion he adds, that if to a 
kanne (lb 5^ Englifti) of milk be added fourr 
or five fpoonfuls of brandy, and the veflel con- 
taining it, well corked, be expofed to warmth 
with occafional exit of the vapour generated, 
the whole of the whey will be changed into 
good vinegar. 

Some later experiments have been made by 
Meflrs. Fourcroy and Vauquelin, on foured 
milk, particularly with a view to determine the 
exa£l nature of Scheele*s la£fic acid, whereby 
it appears moft probable that this acid is in fadb 
acetous acid, but - with its perfedl charadter 
fomewhat mafleed by holding in folution a quan- 
tity of animal matter. We lhall in a few words 
give tlie leading particulars of thefe valuable 
experiments, as they alfo throw fome further 
lighl on the general analyfis of milk. 

A quantity of milk was let to Hand in a warm 
place for five days till it was quite four, after 
which the cream was carefully Ikimmed ofF and 
the remainder was heated to compleat the fepa- 
ration of the curd from the whey. The curd 
well wafticd and preffed dried into a flexible 
tranfparent horny fubftance,*' which when burnt 
to a(hes left a fmall quantity of afli (much lefs 
than when the curd is prepared from fweet milk 
by rennet) moft of which was phofphat of lime. 

The four whey was then carefully analyzed 
in the following manner. Lime-water was 
added as long as any precipitate fell down, 
which latter was collcdlcd and calcined, during 
which it gave out ammoniacal oily vapours, 
Ihewing the prefence of an animal matter. The 
calcined refidue treated with fulphuric acid gave 
fulphat of lime, and phofphoric acid was found 
in the fupernatant liquor. By evaporation of 
this laft to drynefs and calcination, the refidue 
affumed a red colour, and on adding water part 
was diflblved and a red oxyd of iron was left. 
The folution depofited by reft fome cryftals of 
fulphat of inagncfui. Hence it appears that ,the 


• Encyc. Meth. Art.J.ait. 
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vAcy contained phofphat of lime and of mag- 
ueiia along v^ith fome iron. 

The whey, after the precipitate with lime- 
water had been removed, was then treated with 
oxalic acid and evaporated in a retort to a fmall 
bulk in the manner deferibed by Scheele. The 
fluid expelled by evaporation was colle£led and 
found to be (lightly four and fomewhat empy- 
reumatic, but the liquor which remained in the 
retort w<a8 reddifh-brown, and very four, and 
contained by far the greater part of the laflic 
acid. To this liquor which was as thick as 
^ fyrup, a large quantity of ftrong alcoliol waS' 
added, which caufed the feparation of a brown 
thick vifeous matter, not the leaQ; acid, foliiblc in 
water, giving a precipitate with galls, and afford- 
ing carbonat of amnnonia by dillillation. By (land- 
ing it depofited fome fugar of milk. It there- 
fore confided of fugar of milk apparently un- 
altered by the fouring of the milk, and of a 
peculiar animal matter. The alcoholic folution 
was highly acid and of a dark red, and by the 
frequent boiling it had acquired a dark colour 
and empyreumatic fmelh The alcohol being 
di (tilled off and water added, the liquor was 
repeatedly treated with fulphuric acid and dif- 
tilled, whereby, on the one hand, there was a 
condant feparation of a bituminous matter, and 
on the other a portion of perfcfk acetous acid 
was condantly obtained by didillation. By this 
Ingenious method the whole was refolved into 
acetous acid and into a peculiar bituminous 
matter diifolved therein, and to which the acid 
owes thofe properties by which it differs from 
common acetous acid. 

From thefe and Either refearches by the fame 
chemids, it appears therefore that there is no 
fuch cHfl4n£l acid as the /aSlic of Scheele, but 
that it is acetous acid holding in folution a 
quantity of animal matter, to which it owes the 
property of giving a brown precipitate with 
galls, a yellowi(h-grey with nitrat of mercury, 
and a brown with acetite of lead ; and from the 
fame caiife alfo it gradually darkens in colour 
and depofits a brown matter by evaporation. 
The above chemids alfo obferve that an acid 
precifely fimilar to the ladlic is produced by 
dilTolving gluten in vinegar, by fermenting to- 
gether a mixture of fugar, water and gluten, 
and it alfo is the fame as the Jbt4rs procured in 
ftarch-making by the fermentation of wheat flour 
and water. 

The la£lic acid diluted with water, and long 
kept in a warm place, gradually lofes the whole 
^ its acidity, depofits a brown matter, acquires 


a fetid fmell, and on adding lime gives out am- 
moniacal vapours. The fame clfciis are alio 
produced by a folution of gluten in vinegar. 

The nature of this animal matter which hy 
uniting with acetous acid forms the hnSlic acid 
of Scheele, is not preciiciy nfeertained. It is 
probably the chief caufe of that fpontaiicous 
change ty which milk turns four, and largely 
contributes to form the acetous add which is 
then generated, but it is not totally dccompofed 
by the acid fermentation, fince the acetous acid 
when formed di(rolves a portion of it for a 
time, and thus protc£ls it from further change. 
This matter appears alfo to dider from the curd, 
(ince on the one hand, wlien depofited from the 
la£lic acid by ev.iporation, it Ibews no refem- 
blaiice to curd ; and on the other hand a folu- 
tien of curd in vinegar will not be difcoloured 
by evaporation, nor can it be brought to depofit 
any fubflance (imilar to tlie other. It is moil 
probable therefore that gluten muft be added to 
the condituent parts of milk. 

Milk is fufcepiible of the vinous fermentation 
fo as to be made to yield an ardent fpirit by 
fubfequent dillillation, but it is not very cafy to 
ferment milk, and it always turns four at the 
fame time. The Tartars and otlier Afiatic na- 
tions have been from time immemorial in the 
habit of preparing an intoxicating liquor from 
mate’s milk. This is called houmifs^ and the 
procefs is thus given by Dr. Grieve. * Take 
any quantity of marc’s milk, dilute it with a 
(ixth of water, pour it into a wooden vefTel, and 
add as a ferment about onc-cighth of very four 
milk, or better, of old koumifs, cover the veiTcl 
with a thick cloth and keep, it in a moderate 
temperature. After (landing twenty-four hours, 
a thick coagulum rifes to the top, which muft 
be well mixed by beating. Aftoij repofing for 
another day, it is ag^in ftirred till it becomes 
quite homogeneous, and in tins ftate it forms* 
tlic koumifs, which has an agreeable fweetifh 
acefcciit talle. 

Mijk in the ftate of koiimifs does not cafily 
change by keeping. By diftillation it yields a 
confqlcrabJe ejuantity of alcohol, as much (ac- 
cording to Pallas) as one-third of its bulk. 'Phe 
entire milk appears cllential to the prodii£lion. 
of ardent fpirir, as well as frequent agitation to 
mix the condituent parts which the acid has 
caufed to feparate. 

The fugar of milk (which is never abfent) will 
naturally be looked to as the fource of the alco-^ 
hoi and the caufe of the vinous fermentation. 
But MeflTrs. Fourcroy and Vauquelin deny this. 


* Memoir» R. Soc. of £ 4 i&b. for 1 788 
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to be the cafe, firft, becaufe pure fiigar of milk 
mixed with water and leaven, and expofed to 
moderate heat v/ill not ferment as common 
fugar docs, nor yield any alcohol : and fecondly, 
bcciiiife nearly as much fugar of milk is found 
in whey thoroughly foured by keeping, as in 
frefh milk. But as the above chemills were 
not able to procure any alcohol from milk four- 
ed in the common way,, it is obvious that it 
cannot be at all inferred from thence that the 
fugar of milk is not decompofed in the procefs 
that does form alcohol ; but only that this fub- 
ftance does not appear active in the formation 
of the la£^ic (that is, the acetous) acid. Neither 
does it at all follow that fugar of milk is not 
decompofed in entire milk, becaufe when pre- 
vioufly feparated from milk it cannot then be 
made readily to ferment. It is probable on the 
other hand that both the acetous and the vinous 
fermentations are going on at the fame time in 
milk whllft converting into koumifs, and that 
the materials for thefe two procefles are not the 
fame as in common vinous fermentation (the 
acetous being there chiefly a continuation of 
the vinous procefs), but are, partly at lead, 
diftinf):, the gluten contributing chiefly to the 
acetous, and the fugar of milk to the vinous. 

Though the milk of different animals is found 
to be effcntially the fame in the number and 
chemical nature of the fevcral ingredients (as 
far as has been examined), yet a very confider- 
able difference is found in the proportion of 
thefe fubftances and in fome of their fcnfible 
properties. The experiments of Parmentier are 
particularly curious on this fubjeft. The kinds 
of milk that he examined were, firft, cow’s 
milk as a ftandard, to which were compared 
tlie following, viz. woman’s, alles’, goat’s, ewe’s 
ind marc’s milk. 

Woman’s milk is fwceter than cow’s, and. 
thinner, but it is of all others, that w^hich varies 
moft according to the ftate of body, conftitu- 
tion, age, &c. of the perfon whence it is drawn. 
The cream is on the v^ hole more copious than 
of common cow’s milk, but it differs peculiarly 
in this, that neither agitation nor any other 
known means wdll entirely feparate the butter j 
the utmoft effe£k of thefe means being only to 
give the whole cream fomewhat of ah unAuous 
coiififfence, without effefbing any feparation 
into butter, curd, and whey. 

Human milk alfo depofits part of its curd by 
mere reft, which is found flicking to the fides 
.of the veffel which holds it. Though fweeter 
to the tafte than cow’s milk it does not con- 
rain fenffbly more fugar. 


Afles’ milk more refcmbles the human than 
any other. The cream is in fmall quantity, by 
agitation it gives a butter which is foft, white, 
and nearly taflelefs. It foon becomes very 
jrancid owing probably to its retaining a portion 
of the acid. By Handing, it depofits much of 
the curd even before it becomes four. 

Goat’s milk is very thick, yellowifh, and 
pleafantly flavoured. It is fomewhat denfer 
than cow’s milk. The cream is remarkably 
thick and unfluous, and will keep a long time 
without growing four or fenfibly changing. By 
agitation it gives a very firm, lolid, and white 
butter, to appearance very free from all admix- 
ture. This milk alfo ateunds in curd, fo that 
when heated, a much thicker pellicle rifes, and 
when coagulated by any of the ufual methods 
the curd is fo abundant that the whey is with 
difficulty fcparable. It is alfo of a very gelati- 
nous denfe confidence. The fugar of milk is 
fmall in quantity, but feparates with eafe. 

Sheep’s milk refcmbles cow’s very clofely in 
tafte and appearance. It yields abundance of 
cream, which by churning afibrds much butter, 
but which always remains very foft. The quan- 
tity of curd is remarkably large, and it has a 
very fat and unfluous appearance, and a tafte 
which is peculiar to it, and is always very dif- 
tinguifhable in ewc-milk cheefe. 

Mare’s milk is thin and infipid, and does not 
coagulate with vinegar. It is remarkable for the 
fmall quantity of cream which it gives and the 
extreme difficulty of feparating the butter from it 
by agitation. The whey contains fulphat of lime, 
which has not been found in any other milk. 

The above-mentioned fpecies of niiik all re- 
refemble each other eflentially in the number 
and general chemical nature of the ingicdicntij 
but great diverfity appears in their refpedive 
proportion, and apparently in the mode of mix- 
ture. Thus with regard to the cream, cow’s 
and flieep’s milk yield it eafily by repofe, its 
confiftence is greater than in the others, and 
the butter feparates more perfedllv. There is 
an equal difTerence in the confiftence of the 
curd, that from cow’s and flieep’s milk being 
denfe, and readily feparating by the ufual coa- 
gulating fubftances, but the curd from afs’s and. 
mare’s milk always remains thin, and almoft of 
a creamy confiftence. The only general agree- 
ment wnich the authors of thefe experiments 
have been able to make on this fubjeft, is that 
where the curd is tough and gelatinous, the 
butter is readily fcparable from the cream, and 
all the^conftituent parts* of the mUk are more 
eafily obtained by chemical JiieaxM^ 
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MINERALIZER is any fubftance found in 
natural combination with a metal. Thus lead 
is faid to be mineralized by fulphuri when com- 
bined with it in the native fulphuret or galena. 

MINIUM. See Lead, (Oxyds of). 

MISPICKEL. See Arsenic, ( Ores of). 

MOONSTONE or ADULARI A. See Fel- 
spar. 

MOORSTONE. See Granite. 

MORDANT. See Dying, (Art of). 

MORTAR. See Cements calcareous. 

MORTAR (Chemical inftrument}. See die 
Appendix. 

MOSAIC GOLD. See Tin. 

MOlHER OF PEARL. See Shell. 

MOTIIER-WATER is the uncryftallizable 
refiduc of a compound falinc folutiori. For 
further particulars fee the article Crystalli- 
zation. 

MOLYBDENA. Molyhdan, Germ. Molyh- 
dlne^ Fr. 

Molybdena is a metal of a greyifli white co- 
lour, in the form of brittle infufible grains. It 
is convertible to a yellowifli white oxyd by ex- 
pofure to the air at a red heat, or by the ad\iou 
of nitric acid. 

§ I . Ores of Molybdena. 

Sp. 1. Molybdena, or Sulphuret of Molyb- 
dena. fVaJferbleyy Worn. Molybdene fulfuri^ 
Broch. 

Its colour is nearly that of frelh cut metallic 
lead. It occurs mairivc, difleminated, and rarely 
cryllallized. Its primitive figure is a flrait 
prifiii with rhomboidal bafes, the alternate an- 
gles of which incafure 6o° and 120°. It alfo 
occurs in Ihort regular hcxahedral prifms, the 
bafes of which <ire fometimes terminated by 
fliort hcxahedral pyramids : fometimes alfo the 
IWCTnening prifm is wanting, the pyramids at 
the fame time being deeply truncated. The 
cryftals are fmall or middle-fizcd, and are al- 
ways implanted. Internally it is more or lefs 
(hilling with a metallic lullre ; its fradlure is 
curved and fometimes radiating lamellar. Its 
fragments are indeterminate and blunt edged, 
or in irregular laminae. It occurs in granular 
dillind): concretions. It is opake, Rains the 
fingers, leaves fhining traces when drawn over 
paper; is very foft and eafily divifible in the 
direftion of its laminx ; is fertile, eafily frang- 
ible, flexible but not elailic, and is un£Iuous 
to the touch. Sp. gr. 4.56 to 4.73. 

It is infufible before the blowpipe but exhales 
a fulphureous odour: at a very high heat it 
melts, gives out white fumes and burns with a 
'l>lue flame ; by a long continuance of the heat 

VOL. zz. 


it is converted into a mafs of yellow and delicate 
needleform cryftals. 

Its conftituent parts are probably fulphur and 
metallic molybdena, but the proportions have 
not yet been afeertained with much accuracy. 

According to Pelletier it confifts of 
Molybdic acid - - 45 

Sulphur - - - - 55 

ZOO 

Some of the early experiments of Klaproth 
induced him to ft ate its ingredients at 
Molybdena ... 60 

Sulphur - - - - 40 

100 

Laftly, Lampadius has analyzed this mineral, 
and finds it to be compofed or 

Molybdena - - - 76 

Sulphur - - - - 23 

Iron ----- I 

100 

Molybdena occurs difleminated or in veins, iit 
primitive mountains accompanied by tinftone, 
wolfram, quartz, mica, and rarely with native 
arfenic, heavy fpar, fluor fpar, and tepaz. It is 
found at Hitterdahl and Arendahl in Norway ; 
Baftnaes in Sweden ; Altenberg and Zxnwald 
in Saxony; Mont'Blanc in Switzerland. 

Sp. 2. Molybdat of Lead. Yellow Lcad- 
fpar. Gelbes Bleyerz^ Wern. Vlomb Jattne, 
Broch. Plomh Molybdate^ Hauy. 

The ufual colour of this mineral is wax yel- 
low, which pa Acs either to lemon or orange- 
yellow or fometimes to a dirty honey-yellow. 
It occurs for the molt part cryftallizcd, very 
rarely maflTi've. Its primitive figure is a reflan- 
gular o£Iohcdron with ifofceles triangular faces : 
the incidence of the faces of one pyramid on 
the correfponding ones of the other is 76® 40'. 
The other varieties of form that it exhibits are, 

1. The primitive oftohedron with cither all 
the, folid angles or only the two vertical ones 
replaced by quadrilateral prifms. 

2. The fame as the preceding, with the la- 
teral edges of the pyramids replaced by narrow 
triangular faces, and therefore the four fecond- 
ary faces round the common bafe of the pyra- 
mids are not quadrilateral but hexagonal planes. 

3. A re£Iangular parallelepiped fometimes 
fo thin as to be tabular, fometimes approaching 
to the cube. 
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, 4. The cuboidal prtjcccUng variety with its 
terminal edges replaced by rather narrow qua- 
drilateral planes. 

5. An eight-fided table. 

6. A twclve-fided table. 

The tabular varieties arc for the moft part 
broad and thin and intcrfe£l each other in va- 
rious direftions, thus giving the whole mafs a 
cellular appearance. Externally it is fmooth 
and Alining ; internally it is gliftening and refl- 
nous. Its fra£lure is fmall grained uneven, 
pafling into imperfectly lamellar and fmall con- 
choidal. Its fragments are indeterminately an- 
gular, moderately Aiarp-cdged. It is tranflu- 
cent, foft, rather brittle, and cafily frangible. 
Sp.gr. 5.09. 

Before the blowpipe it decrepitates and then 
fufes into a dark grey mafs in which globules of 
reduced lead are perceptible y with a fmall pro- 
portion of borax it forms a browniAi yellow 
globule, but if a larger quantity of borax is 
employed the refult is a blue or greeniAi blue 
glal's. 

It has been analyfed by Klaproth, Hatchett, 
and Macquart, with the following refults. « 

Klapr. Hatch. Macq. 

Molybdic acid - 34.25 — 38. •— 28. 

Oxyd of lead - 64.42 — 58.4 ~ 63.5 

Oxyd of iron - o — 2.08 — • o 

Carbonat of lime o — . o — 4*5 

Silex - - - o — 0.28 — 4. 

98.67 98.76 100.0 

This mineral was firft met with at Villach in 
Carinthia, in compaCb lime-ftone accompanied 
by calcareous fpar, molybdena, galena and other 
lead ores, calamine, blende and fluor fpar. It 
has Alice been found at Freudenftein in Saxony, 
Annaberg in Auftria, and Keezbanya in Hun- 
gary. 

. § 2. Affay and Ana/yjis, 

The moft ufual method of decoinpofing the ful- 

I ihuret of molybdena is by detonation with nitre \ 
)ut by this means the molybdic acid becomes 
fo intimately combined with potsAi as to render 
it extremely diAicult by fubfequent operations 
to obtain it pure. The beft mode of proceeding 
therefore appears to be the following. 

/». To one part of Anely pulverized molyb- 
dena add four or Ave parts of moderately diluted 
nitric acid, and diftil the mixture nearly to 
drynefs ; then return the contents of the receiver 
into the retort, add fome more nitric acid and 


proceed a fecond time to diftillation ; repeat 
tliis for three or four times till the infoluble 
matter in the retort is as white as chalk. Now 
pour oAT the fupeniatant Auid and waAi the 
white matter repeatedly in warm water, adding 
tlie waAiings to the otner fluid. 

b. Evaporate the reAdual fluid to a moderate 
^degree of concentration, and then pour in am- 
monia ; the Arft portions will occaAon a pre- 
cipitation, but by adding more ammonia and 
aflifting the procefs by a gentle warmth, the 
whole precipitate will be re-diflblvcd ; then drop 
in ftrong i\itric acid to complcat faturation of 
the alkali, and a white precipitate will fall 
down, which is to be feparated by the Alter 
and waAied in warm water. 

c. The refldual fluid with the wafliings being 
mixed together now contains ammonia com- 
bined with nitric and fulphuric acids, the latter 
of which arifes from the oxygenation of the 
fulphur in the ore. Nitrat of barytes being 
dropped in, a precipitation of fulphated barytes 
takes place, from the amount of which the 
quantity of fulphur in the ore is readily in- 
ferred. 

d. The white matter obtained in procefles a 
and by which is molybdic acid with a little oxyil 
of iron, muft now be diflblvcd in ftrong ful- 
phuric acid, and the folution fubfequently diluted 
with 16 times its weight of water; ammonia 
being now cautioufly added to perfef): faturation 
the iron will gradually fall down in the ftatc of 
yellow oxyd. 

e. The clear liquor of the preceding procefs 
being evaporated to drynefs, the fait thus pro- 
cured is to be ftrqngly heated in a glafs veflel 
till all the fulphat of ammonia k expelled ; what 
remains behind is a black bliftered mafs, which 
by abftra£fion with nitric acid is converttJu'h/iic/* 
a yellow powder, which is pure molybdic acid. 

The only material objeffion to this method 
of analyfis is that the molybdena exifts in its 
metallic ftate in the ore, but is obtained in the 
analyAs in the ftate of acid ; and as the amount 
of oxygen in molybdic acid has not yet been 
afeertained, this analyAs is at beft only an ap- 
proximation to a true knowledge of the ingre- 
dients of this ore, fo long as we remain ignorant 
of the compoAtion of molybdic acid. 

The molybdat of lead has been analyfed fatif- 
fa^^orily by Mr. Hatchett * in the following 
manner. 

a. The ore, prcvioully reduced to Ane pow-. 
der, was digefted three leveral times at a ftrong 
heat with fulphuric acid, which diflblved out 


* Phil. Tranf. for 1796 p. 
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the iron and molybdic acid, leaving the filcx and 
lead (in the (late of fulphat) behind. 

b. UTie fluid was fubjecled to the fame pro- 
cefs as that defcribed in paragraphs d and e of 
the preceding analyiis, by wnicli the oxyd of 
iron and molybdic acid were feparated from 
each other and obtained in a ilatc of purity. 

c. The white refidue of procefs a was boiled 
with carbonat of foda, and being afterwards 
well edulcorated was digefted in very dilute 
nitric acid ; the carbonat of lead was diflblvcd 
with efFervefcence, leaving behind the (ilex in 
tlie form of a white powder. 

d. The nitrut of lead was decompofed .by 

fulphuric acid, and after the fulphat of lead 
had been thus feparated, the reddual fluid, after 
faturation with ammonia, depoflted a minute 
portion of oxyd of iron. ^ 

§. 3 . ReduElion of Ores. — Ph^cal properties of 
Regtiltne Molybdena. 

As molybdena is a metal that has not hitherto 
been applied to any ufe, fo there has been no 
attempt in the great way to reduce its ores. 
The compleat decompofitioii of the acid or oxyd 
of this metal, has however been undertaken oy 
various chemids, and for the mod part witn 
but little fuccefs. The chief caufe of failure 
feems to have been that the fubdance operated 
on, indead of being the pure metallic acid, has. 
alfo contained a portion of fixed alkali, which 
by its affinity for the acid mod powerfully op- 
pofes its deoxydation. The method that as 
yet has been attended witli the mod fatisfa£lory 
refults is that publifhed by Hielm. The acid 
being made into a pade with linfeed oil, is to 
be expofed to a dvong heat in a covered crucible; 
being then withdrawn from the fire, the black 
be pulverized and again mixed with oil, 
ind torrefied as before ; by repeating this two 
or three times the molybdena is compleatly re- 
duced, and affumes its proper metallic ludre. 
It appears highly probable that the method 
which has been fuccefsfully pra£lifed in the re- 
du£lion of tundic acid, would be equally effica- 
cious with the molybdic acid. It is the follow- 
ing. Let the pure molybdic acid be combined 
with as much ammonia as poflible, and then 
expofed to an intenfe heat in a crucible lined 
with charcoal : the ammonia would be decom- 
pofed, and its hydrogenous bafe together with 
the charcoal, would probably carry off the whole 
of the oxygen from the metal. 

Molybdena in the only date in which it has 
hitherto been ^rocured^ is a very loofely ad- 

^ FeUetier I 


hering aggregate of minute grains of a ycliowilh 
white colour and metallic ludre. When re- 
cently broken it exhibits a greyilh white colour. 
It is hard, very brittle, and dilficulily fufible. 
gr- 7-S* 

4- Chemical Proper tics* 

Mod of the chemical properties of molybdena 
have, been afeertained by experiments on the 
native lulphuret ; thefe we fliall firll mention, 
and then notice thofe of which the pure regulus 
has been the fubjefl. 

If the native Sulphuret of Molybdena is expofed 
to the continued a£lion of a low red heat with 
accefs of air, the fulphur is burnt off, and the 
metal is changed to a greyilh wdiite oxyd, of 
which a part is volatilized in the form of a 
white vapour. If the fame experiment is per- 
formed in a wide earthenware tube paflbd 
through a furnace, and heated conliderably 
higher than in the former cafe, the fulphur' is 
burnt oft', and the metal in proportion as it is 
oxydated affumes the Hate of vapour, which 
condenfes in the cooler parts of the tube into 
(lender necdleform cry dais of a brilliant filvery 
white colour, exceedingly (imilar in external 
appearance to the argentine flowers of anti- 
mony. Thefe crydals have a four metallic 
tade and arc molybdic acid. 

Nitric acid by repeated digedion on fulphuret 
of molybdena is itfclf decompofed, and converts 
both tne fulphur and metal into acids ; the 
latter aftumes the form of very minute white 
crydals : by expofing the mafs to a heat below 
rednefs in an earthen crucible, the lad portions 
of nitric acid and nearly the whole of the ful- 
phuric arc driven off, and by fubfequent waih- 
ing in water, the remainder of the fulphuric acid 
is got rid of, fo that the molybdic acid remains 
pure. Oxymuriatic acid has a (imilar cfte£l to tliat 
of the nitric, but no other acid except the arfenic 
exerts any a 6 lion on molybdena. When this lat- 
ter acid in a folid date is drongly heated in contaft 
with molybdena, a quantity of fulphureous acid 
is produced, the arfenic acid is converted into 
white oxyd and orpiment, a part alfo being often 
reduced to the metallic (late ; what remains in 
the retort is a black (hining mafs apparently 
confiding of reguline molybdena : hence it may 
be inferred that the a£lion of the arfenic acid is 
confined merely to the fulphureous part of the 
ore.** 

Caudic fixed alkali unites by fufion with tnol- 
ybdena into an uniform mafs of a greenifti colour, 
extremely deliquefeent and totally foluble in 
[cm. i. I97« 
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water; the folutlon exhales an hepatic odour, 
and on the addition of muriatic acid a copious 
black precipitate falls down without any ful- 
phuretted hydrogen being difengaged. This 
black matter is confidercd by chemills as rege- 
nerated fulphuret of molybdcna, but from the 
circumftances of the experiment appears to be 
a hydroguretted fulphuret. 

If nitre and molybdeiia in the proportion of 
two parts of the former to one of the latter be 
detonated together, there wdll be produced ful- 
piiat of potafh and molybdat of potaili with 
excefs of bafe, wJiich is often miilakeii for 
pure molybilic acid. 

The fadls hitherto obferved concerning rrg//- 
Ihie molybdena are but few in number and 
exactly analogous to thofc that have been juft 
now mentioned relating to the fulphuret. It is 
oxydable by continued expofure to air at a red 
heat ; it deconipofes nitric and oxymurintic 
acids, and is itfcif at the fame time oxydated 
and acidified. When mixed with cauftic fixed 
alkali and fufed, an inflammable gas is given 
out, the metal is acidified and combines with 
the alkali. When mixed with fulphur and ex- 
pofed to a low red heat in a retort, part of the 
fulphur is volatilized and the refidue combines 
with the metal into a fubftance exaftly refem- 
bling the native fulphuret. It is alfo capable 
of uniting with phofphorus. It forms friable 
alloys with iron, copper, and filver, the pro- 
perties of which have not yet been examined. 

Alolybdic acidy when prepared according to the 
methoil deferibed in 2, is a lemon-yellow 
powder of the fp. gr. of 3.4: to the tafte it is 
acid and metallic. When heated in a clofe 
veflTel it melts, and on cooling concretes into a 
llriated yellow mnfs ; in an open veflel it is 
volatilized in the form of a white vapour, which 
as it depofits on cool furfaces cryftallizcs in 
filvery needles. With borax it forms a brownifli- 
ycllow glafs, and with microcofinic fait a glafs, 
which in proportion to the acid employed varies 
from greenifh to iky blue. 

It is foliibic in about 1000 times its weight 
of diftilled w'ater; the folution is of a pale 
yellow colour, with fcarcely any perceptible 
flavour; but it reddens litmus paper. Nitrat 
of lead is decompofed by it, and a yellow info- 
hible precipitate falls down which is molybdat 
of lead. 

Nitrat of barytes is rendered llightly turbid 
by it ; but nitrat of lime undergoes no change. 
Prulfiat of potafti produces no vifible efFed, but 
if a few drops of any of the mineral acids are 


added, a copious brown precipitate of pruflSated 
molybdcna immediately falls down. With 
muriat of tin it immediately aflumes a beautiful 
deep blue tinge. The folution receives a fimi- 
lar but fainter tinge by being boiled with filings 
of any of the eafily oxydable metals, ^ 

Concentrated lulphuric acid diffolves at a 
boiling heat a confidcrable quantity of molybdic 
acid : the folution while hot is colourlefs, but 
as it cools acquires a fine blue colour and be- 
comes thick. From this compound, when diluted 
with water, prulfiat of potafli throws down a 
reddifli-brown precipitate. Muriat of tin pro- 
duces no effect upon it. When diftilled to 
drynefs, the fulphuric acid pafles over and the 
molybdic acid remains pure. If to this ful- 
phuric folution cauftic foda be added to fatii- 
ration, the blue colour is rendered more intenfe 
and the molybdic acid feems to unite with the 
alkali in two different proportions ; the neutral 
molybdat of foda remains in folution, and a 
white precipitate falls down, confifting appa- 
rently of foda with excefs of molybdic acid. 
The folution is not decompofable by pruHiatcd 
potafli, but is changed to a deep blue by muriat 
of tin. If however the folution be flightly acidu- 
lated, muriat of tin produces no change, but 
prulfiat of potafli occafions a copious brown 
precipitate. 

Molybdic acid when boiled with ftrong mu- 
riatic acid is diffolved in confidcrable proportion 
forming a yellowifli-green fluid. In its habi- 
tudes with muriat of tin and prulfiat of potafli, 
both before and after faturation with alkali, it 
exaftly refemblcs the fulphuric folution already 
deferibed. When diftilled to drynefs, the mu- 
riatic acid pafles over oxygenated, and the refi- 
duc in the retort is of a greyilh blue colour: 
fomc white and bluilh flowers commoftiy^rirt 
at the fame time ; they arc confiderably deli- 
quefeent and confift of molybdic oxyd with 
muriatic acid. 

Nitric acid has no effefl on molybdic acid. 

If a folution of carbonat of potafli is boiled 
with molybdic acid, carbonic acid is difengaged 
and the molybdic acid is diffolved ; in propor- 
tion however as this goes on, a white flocculent 
matter falls down. The liquor contains alka- 
line molybdat of potafli, which is not decom- 
pofed by prulfiat of potafli or changed to a blue 
colour oy muriat of tin, except the excefs of 
alkali is fomewhat more than neutralized by 
the addition of fome of the mineral acids. The 
white flocculent precipitate is probably acidu- 
lous molybdat of potafli, which *by digeftion in 


■ Schecle's EIT. p. ^33. 
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nitric acid is reconverted into the yellow acid 
in confequence of the lofs of the greuteft part, if 
not the whole, of its alkali. 

If carbon at of foda and molybdic acid are 
boiled together, a difengagement of carbonic 
acid takes place, and, in proportion as the mo- 
lybdic acid is diflblved, a white flocculent pre- 
cipitate is depofiteil. The adlion of niuriat of 
tin and prufliat of potalh upon the clear liquor 
is precifely the fame in this cafe as in tlie pre- 
ceding. By gentle evaporation the alkaline 
niolybdat of foda may be made to ciyltallize in 
foiir-fidcd tables. 

Molybdic acid is taken up in greater quantity 
by carbon.it of ammonia than by the fixed alka- 
lies, and fcarccly any precipitate falls during 
the folution. It is alfe^incd by priilliat of potalh 
and muriat of tin, in the fame manner as die 
preceding fa Its. By diftillation to drynefs the 
ammonia is deconipofcd, and the molybdic acid 
is in confequence fo far deoxygenated as to be 
converted into a grey ox yd. 

Molybdic acid appears to have a ftrong affi- 
nity for that portion of alkali, whether potalh 
or foda, which is requilitc for the conftitution 
of the acidulous inolybdat : hence it is that not 
only nitre but even fulphat of potalh is in part 
tlecompofed by diftillation at a full red heat 
with niolyb<Hc acid, a little nitrous acid in one 
cafe and fulphurlc acid in the other palling over 
into the receiver. If muriat of foda is treated 
in the fame manner, oxymuriatic acid is given 
out and a portion of the molybdic acid is con- 
verted to the blue oxyd. But if inftead of the 
pure acid the acidulous molybdat (produced 
from the detonation of nitre with the fulphuret 
of molybdena) hm employed, no decompofition 
of the above neutral falts will take place. 

■ -^5t5tirybdic acid is decompofabic even in the 
moift way by hydrogen. For this purpofe let a 
vial be filled with a folution of the acid in water 
and throw up hydrogen gas, till nearly half of 
the liquor is dilplaced, then cork the vial and 
fliake it well ; in a fhort time the dilute yellow 
colour of the folution will change to blue, thus 
indicating a deoxygenation of the acid. 

Sulphur, charcoal, and other combuftible fub- 
ftances alfo decompofe the molybdic acid-, when 
the former is made ufe of, part cf the fulpliur is 
converted into fulphureous acid, and the re- 
mainder combines with the reduced molybdena 
into a black matter perfeftly analogous to the 
native fulphuret. 

The dilFerent proportions of oxygen with 
which molybdena is capable of uniting have not 
liitherto been afeertaineft. According to Mr. 


'Hatchett this metal has four diftinfb ftates of 
oxygenation : when at the higheft it is of a yel- 
low colour and is the pure molybdic acid ; the 
next ftep of the defeending ferics is the green 
oxyd or molybdenous acid produced by dilfolv- 
ing the yellow acid in muriatic acid : to tliis 
fucceeds the blue oxyd prodiiceil by the a^lion 
of muriat of tin on either of the two fornicr ; 
and lalt of all is the black oxyd formed by heat- 
ing molybdic acid with charcoal, yet not fo as 
entirely to bring it to the metallic llatc. 

Neither the metal nor any of its preparations 
are made any ufc of. 

iVIOUNrAlN BLUE. SccCopppu. p, '^21. 

MOUN rAIN GRMEN.SeeCoppKR. p. ^ 22 . 
MOUNLAIN CORK. See Asa^sT. 

MUClLACxE. Der Schldmi*, Oerm. 

Vegetable mucilage is contained in every plant , 
that has been hitherto analyzed, in fomc parts 
more abundantly than in others, and the quan- 
tity alfo varies confiderably according to the age 
and other circumftanccs of the vegetable. It 
appears to be one of the elementary vegetable 
conftituents, and probably by its decompofition 
in the organs of ilic plant it is cor. verted iiilo 
other fubftanccs, fince it often is extremely 
abundant in the earlier age of the plant, and 
Icfiens as other principles arc elaborated. 

The efi'ential chemical properties which cha- 
railerizc mucilage, are the following: it is 
infipid, highly folubic in water, giving it a thick 
clammy appearance and feel, infolublc in alco- 
hol, not coagulated by a boiling heat, not cry- 
itallizable, and after the watery folution has been 
evaporated to drynefs it is again folubic in water 
without having undergone any material change. 

Thefc are the diftinguiiliing properties of 
mucilage in its prefent ftate, to which it may 
be aildcd that wdien pure and tiifiblved in water, 
it docs not. readily undergo any fpoiitaneoiis 
change. After a while iiidecd.it becomes mouldy 
and lonicw'hat four, but it is very llowly altered 
by this procel's. When heated to ignition it 
fwells and foftens, becomes yellow, brown, and 
black, and exhales a denfe vapour which lias u 
pungent acid fmell, and burns with much llame, 
and, a foft fpcuigy coal is left. 

Mucilage is ibinctinic.s found nearly pure, 
exfiuling from llic bark and of many vege- 

tables, by natural and artificial clefts, and hanl- 
ening in tlic fun into brittle nearly tranfparent 
roundifii lumps. In this ftate it may be culled 
f » Ntn Alticila^e . 

The piircft of the gum-mucilages is Gum* 
Arabic or »Scncgal, which forms a very vaUiable 
article of commerce to the countries tliat yield 



MU C 


M U C 


( no ) 


it. An inferior fort of gum for the purpofcs of 
manufadurc, but clofcly refembling Gum- 
Arabic in every property, is that which exfudes 
from cracks in plumb, peach, pear, and other 
fruit trees, and has generally the colour of am- 
ber. BeGdes thefe fources of gum-mucilage 
tliere are many vegetables whofe native juices 
fo much abound with mucilage that a confide- 
rably pure and folid gum may be obtained by 
Gmple dccodUon of the plant and evaporation 
to drynefs. Several of the lichens, the leaves 
of the comfrey and mullen, the root of the hare- 
bell, and the whole plant of the marlh -mallow, 
afibrd a good mucilage in this method. 

We fhall firft give a Ihort account of the 
gathering of the Gum-Senegal, * before we 
proceed to the chemical properties of mucilage. 
The Gum-Arabic is obtained in a fimilar man- 
ner, and Cairo and Alexandria were the princi- 
pal marts for this gum, till the Dutch introduced 
the gum from Senegal into Europe, about the 
beginning of the feventeenth century, and which 
now fuppHes the greater -part of tne vaft con- 
fumption of this article. 

The tree which yields this gum is a fpecics 
of mimofa, which grow abundantly on the fands 
along the whole of the Barbary coaft, and parti- 
cularly about the river Senegal. There are 
feveral fpecies, fome of which yield a red aftrin- 
gent juice, which when infpiiTated forms the 
Catechu^ but others afford only a pure nearly 
colourlefs inGpid gum, which is the great article 
of commerce. Thefe trees are from 1 8 to 20 
feet higli, with thorny branches. The gum 
makes its appearance about the middle of 
November, when the foil has been thoroughly 
faturated with the periodical rains. The gum- 
my juice is feen to ooze through the trunk and 
branches, and in about a fortnight it hardens 
into roundifh drops of a yellowifh-whitc, which 
are beautifully brilliant where they are broken 
off, and entirely fo when held in the mouth for 
a fhort time to diilblve the outer furface. No 
clefts are made nor any artificial means ufed by 
the Moors to folicit the flow of the gum. The 
lumps of Gum-Senegal are ufually about the 
fize of partridge eggs, and the harveft continues 
about fix weeks. The quantity annually fold 
out of the Senegal country for European con^ 
fumptlon is about twel^^e hundred thoufand 
pounds weight. 

This gum is alfo a very wholefome and nutri- 
tious food, thoufands of the Moors fupporting 
themfelves entirely upon it during the time of 
iiarveit. About fix ounces is fufficieiit to fup- 


port a man for a day, and it is befides mixed 
with milk, animal broths, and other vi£luals. 

The Gum-Arabic, or that which comes di- 
rc£Hy from Egypt and the Levant, only differs 
from the Gum-Sencgal in being of a lighter 
colour and in fmaller Jumps, and it is alfo fome- 
what more brittle. In all other refpefts the 
two refemble each other perfedily. Its fpecific 
gravity is about 1.45. 

'fhe uies of thi^ gum are very great and nume- 
rous. The greatell confumption of Gum Senegal 
is in furnifhing a thick viicid fluid with which 
the different mordants are mixed in calico-print- 
ing, which has been more particularly deferibed 
ill the article Dyeing, 

Another great ufe of Gum-Arabic is in giving 
a fine glofs or glazing to ribbons and filks. For 
this purpofe a thin folution is made, and the.iilk 
flightly bru filed over with it, and when dry it 
leaves a very thin colourlefs varnifli, but readily 
wafljed off by water, whence the fpotted appear- 
ance that a fhower of rain gives to thefe articles. 
Gum-Arabic is alfo ufed as a clean, convenient, 
and pretty flrong cement for an infinite number 
of purpoles where there is no rifk of moifture. 
Its ready folubility in water and the length of 
time which the folution will keep without fpoil- 
ing, render it highly valuable in the arts. 

This gum is alfo employed in pharmacy as a 
very convenient way of rendering niifcible with 
water, oils, refins, and other fubflances on which 
water alone has no adion. The effeft here is 
chiefly mechanical. The fubflance (olive oil 
for example) is to be well rubbed with about 
half its weight of a ftrong folution of gum, and 
the watery liquid afterwards added by degrees 
and with conflant rubbing, and by this method 
an opake emulGon is formed, in which the fub- 
ftances will remain mixed for many 
will they again entirely feparate. 

To obtain the gum-mucilage from thofe 
vegetables that do not yield it by exfudation, re- 
courfc muft be had to boiling with water and 
evaporation. 'T hefe kinds of mucilage however 
will feldoih anfwer as cements, as they will not 
fufficiently harden by drying, and they are more 
liable to mould, and to become brown and co- 
loured daring the requifite evaporation. 

Lord Dundonald^* has given the following 
direflions for preparing the mucilage froni the 
lichen. This plant is the common large-leaved 
mofs that grows fo abundantly on foreft and 
fruit trees, and in the North of Europe and 
America, it grows to the . length of a foot or 
more, giving a nutritious food to deer and other 


* Gglberr7*i Trayeli in Africa. ^ Pkii. Mag. vol. x. 
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animals. The lichen has an outer fkin, and liquid by any further addition of water. In 
below this a green refinous fubilancc ; and the this foft pulpy Hate it will readily mix with 
remainder of the plant confifts chielly of gum other mucilages, and may be Ipread thin over 
and of fibrous matter on which water has no any furface, and it then dries into a very firm 
atlion. To leparate the outer Ikin and the refi- cement. It is employed mucli in book-binding, 
iious' matter the plant muft be fcalded two or mixed with paite, ami is found to make a very 
three times with boiling water, whereby the ftrong cement. 

Ikin cracks, fwells, and peels ofF. After this We proceed to the chemical properties of 
it is to be put into a boiler with about three mucilage in general. When a mucilage (Gum- 
quarts of water for every pound of the plant, Arabic for example) is diilillcd per fe in veflels 
and about half an ounce of potafli or foda arranged fo as to detain all the produ£ls, there 
(which aflifts the extradtion) and the boiling firft comes over fome pure water, wdiich is im- 
fiiould be continued' till the liquor acquires a mediately follow^nl by a reddilh-brown acid 
conliderablc degree of gummy" confirtencc. liquor, mixed with a little browmilli oil and 
* The liquor is then to be taken out and llraincd much carbonic acid gas and carburettetl hydro- 
from the plant, and freili water added to the gen. This acid liquor is very four to the taftc 
fame material, further to cxhaufl the gum. and has an empyrcumatic fmell, and has been 
The. fevcral liquors, after ftanding fome hours called the pyro-inucous acid. It is altogether pro- 
to fettle, and tlien removing the dregs, are to be diiced by the ad^ion of fire, as the mucilage in 
boiled down in a regulated heat td the confift- fts natural Hate gives no indication whatever of 
cnce which is required for ufe, but not further, acidity. The fame acid is produced by the 
IcH it ihould burn and become coloured. It diHillation of fugar, farina and many other vegc- 
reqiiires two or even three boilings entirely to tabic matters. 

exIiauH the lichen of its mucilage. The pyromiicous acid is incapable of cryHal- 

Thc method to be purftied in extradliiig the hzing or afluming the folid form. It rifes very 
mucilage from other plants is fo (imilar th.it readily at a boiling heat, and has a Hrong, 
nothing more need be added on the fubjedi. pungent, burnt, acid talle. It may be concen- 
Tlie fubHances the moH likely to interfere with trated by freezing in the fame manner as com- 
the purity of the gum in thofe fucciilent plants *rion vinegar. It unites with the alkalies and 
that abound wuth mucilage, are for the moH earths, and with feveral of the metallic oxyds, 
either infoluble in water or coagulable at a forming falts which in the properties of cafy 
boiling heat j fo that a judicious' management or difficult folubility, cryHallization. ike. re- 
of the boiling and clarification will generally fcmblc very clofcly the correfponding falts 
fucceed with thofe vegetables where the muci- formed with the acetous acid ; and from the 
lage is in fufficiciit quantity to repay the trouble analogy of the other empyrcumatic aciils it ap- 
of extradlion. pears probable that the pyromucous is chiefly 

Another fpeciesof native mucilage, fomewhat acetous acid intimately united by diHillation 
differing from any of the preceding, is gum with empyreumatic oil and other produtts of 
This is a white opake gum, in the mucilage altered bjr fire. ^ 
the form of twiHed Hireds, feldom free from The adlion. of the nitric acid upon gum-nuici- 
vifible impurities, and of a remarkably tough ^^ige has excited fome attention on account of 
almoH horny confiHcnce, fo that it cannot be the many new produd^s formed by the mutual 
reduced to fine powder without confiderable decompofition of thefe fubHances, and particu- 
labour. It exfudes from the Hem and branches the formation of a peculiar acid, the Mu- 

of a very thorny ftirub {^AJl^ agalux Tra^acantha. coiJs. This acid is found to be the fame as that 
Innn.) which grows on the ifland of Candia, difeovered by Scheele to be produced by the 
and other parts of the Levant. adlion of nitric acid on fugar of milk, wliich 

The juice dries in the fun, and being col- has been partially deferibed under the article 
led^ed by the Ihepherds, is fen t to Europe with- Milk, 

out any preparation. It differs from Gum- When nitric acid is moderately heated with 
Arabic in being, properly fpeaking,hardIyfolubIe half its weight of gum-arabic, only till nitrous- 
in water, but when it is covered with water it gas begins to be difengaged, there depofits on 
fwells prodigioufly in the courfe of fome hours, cooling a white powder, which when collected 
and abforbs fo much of the fluid as to become and wafhed 5s the mucous acid.® It has a graii- 
foft and pulpy, but will not refolve itfelf into a ular feel and taHes flightly four. When heatea 

Fourcroy. 
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frr/e to ilecompofition it gives a red flv.'irp-t;iftcd 
oil, much carbonic acid gas, and a portion of it 
fublinics in brovv'n fcalcs fmelling like the benzoic 
acid. Xhc dry mucous acid is very fparingly 
folublc ill water. The hot (aturated Iblutton 
depofits on cooling brilliant fcaly cryftals. It 
dccompofcs the carbonated alkalies at a boiling 
heat, expelling tlie carbonic acid and forming 
perfeftly neutral falts. 

The acid of filgar of milk or the facchola<^ic 
acid facconling to Sch«?elc*') forms with carbo- 
iiat of potaHi fmail cryltals that require eight 
times their weight of boiling water for folution, 
but moil of the fait is dcpofitcd on cooling, 
"rhe faccholat of foda is much more foluble, 
hence if to a faturated folution of this fait fomc 
potafli be addcil, a copious dcpolilion of fmall 
cryftals of faccliolat of potafli takCvS place owing 
to the fuperior affinity of the acid for potafh. 
The faccholaftic acid forms with all the earths 
falts infoluble in water, and hence it decompofes 
the folublc falts of the fame earths, fuch as the 
nitrats or muriats, and forms a white faline 
precipitate with them. It alfo dccompofcs in 
ilie fame manner the folutions of filvcr, i^icrcury, 
and lead. 

" When the acid liquor, which remains after 
the faccholaflic acid has been depofited from 
the folution of fugar of milk in nitric acid, is 
boiled \vith a frerti quantity of acid and evapo- 
rated, a large quantity of long cryflals are 
formed on cooling, which Scheele found to be 
oxalic acid, and by adding fufficient nitric acid 
the wliolc rcfidue may be thus changed. This 
lc<l to the opinion that the white powder def- 
evibed as the facchola£lic acid was only oxalat 
of lime, but it mms found by this excellent chc- 
iviifl that fugar of milk itfelf contained no lime, 
finco it gave no precipitate with oxalic acid, and 
hence this conjcclurc was erroneous. 

Foiircroy has fome curious and valuable fa£ls 
on the corvcfpoiuling decompofttion of gum- 
mucilage by nitric acid. If the procefs above 
deferibed, viz. of fimply heating gum with nitric 
acid till nitrous gas is given out and mucous 
acid depofited, be carried no further, the clear 
liquor from which the mucous acid has fubfided 
contains in that flate no oxalic acid but only the 
vuiUc^ which, as mentioned under that article, 
is generally the preceding ftep in oxygenation 
to the oxalic. HenCe it cannot be made to 
allume a cryltalline form by evaporation, but 
xvhen concentrated by heat the liquor becomes 
intenfoly four and brown or red. It precipitates 
lime from lime-water, but tlie precipitate is 


again folublc in an excefs of the fame acid, a 
charatlcr which particularly diftinguiffics the 
malic acid from the oxalic, and the latter acid 
alfo produces its own calcareous fait by being 
added to the acid folution of malat of lime. 

A further addition 6f nitric acid affifted by 
heat completes the converfion of this malic acid 
'into the oxalic. 

The mucous acid is not of itfelf alterable by 
any further treatment with nitric acid, but it is 
a truly curious phenomenon of complicated che- 
mical affinities that nitric acid and gum, two 
homogeneous fubftances, Iliould by their mutual 
atlion at the fame time produce two acids fo 
decidedly diflerent as the mucous and the malic, 
and not convertible the one into the other by 
any further adlion of the fame acid to which 
they owed their formation. 

If the concentrated fulphuric acid is poured 
on gum-arabic, it chars and blackens it, and 
converts a portion into acetous acid. The mu- 
riatic acid alfo produces the acetous, but more 
flowly. The weaker acids fimply diflblvc gum, 
but do not alter it. 

In the analyfis of vegetable matter the muci- 
lage that cxills in combination with the other 
principles may generally be obtained in tolerable 
purity by the combined aftion of water, heat, 
and alcohol. The vegetable, if dry, readily 
yields its mucilage to the fimple acElion of water, 
then, as mucilage is not coagulated by heat, a 
boiling temperature will feparate the albumen 
and fome other principles foluble in water, but 
coagulable by heat. After this the clarified 
folution fhould be concentrated by flow evapo- 
ration till it is of a flimy confiftence, wdien on 
the addition of tliree or four 'limes the bulk of 
re61:ificd alcohol, the wliolc of tlie mucilage will 
feparate in tlic form of a white powder, re 
alcohol boiled on it will take up any refinous 
matter which the water had previoully diflblved 
by help of the gum. The alcohol will alfo take 
up the acetite of potafli which frequently exifts 
in vegetable juices, but will precipitate it along 
with the mucilage, the phofphats, and fulphats, 
and muriats. The precipitated mucilage is 
again foluble in water, and by flow evaporation 
may be dried to its proper femi-tranfparent 
gummy form, but the above falts if foluble in 
water (if perfeft accuracy is required) muft be 
feparated, or their quantity eftimated by diftinft 
procelTes. As a general obfervation it may be re- 
marked that the conftituents of organifed matter, 
particularly the foft foluble parts, are fo inti- 
mately blended tliat it ufually requires a repetition 
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of the fame chemical means ufed to feparate ccfs, the adlion^ of the nitric and oxymuriatic 
them ; fo in the prefent inftance it would pro- acids on gum being to generate acids (as already 
bably require the folution of mucilage to be related) but not faccharinc matter, 
twice fucceffively precipitated by alcohol before Some further experiments on the ultimata 
the reparation was compleat. % analylis of mucilage may be cxtr.idlcd from the 

Several interefting experiments on the inti- fame author.® One ounce of gum-arabic dillil- 
mate nature of mucilage have been made by led pfrfe in a glafs retort, gave 3 drams 30 grs. 
Mr Cruiklhank, which wc ihall partly notice of pyromiicous acid mixed witli a little heavy 
in this place, and partly refer to the. article oil and a very large quantity of gas. The coal 
Sugar. Sugar, as Mr. C. obferves, has been left alter a red heat had been continued for fome 
thought to be a fubftance of intermediate oxyge- time, weighed 106 grs. which when burnt to 
• nation between mucilage and the vegetable alhes in an open crucible left 10 grs. of a white 
acids. Hcnce.it would follow tliat mucilage powder, con filling of phofphat of lime and 
and fugar are convertible into each other by a fome excefs of lime. Tlie pyromucous acid 
due addition or abttradiion of oxygen, fuppoliiig being fuper-faturated with lime, a llrong fmell 
that the procelTes of nature can be at all imitated of ammonia was perceived, Ihewing that azot, 
in the laboratory. That fugar is formed out of one of its conflituent parts, mull have previoufly 
mucilage in natural proceil'es appears obvious, exillcd in the gum. The gas furniflicd by the 
for the plants that yield fugar at a certain period diilillation amounted to 273 ounce meafures, of 
of their growth, only contain mucilage at an which 93 were carbonic acid, and the remainder 
earlier period. The proceis of germination alfo was hydro-carburet, of the fame kind as that 
^particularly of barley by muiting) decidedly produced by burning moillcnod charcoal, 
converts mucilage into fugar. By many expe- An ounce of guni-tragacanih treated in the 
riments on tlio growth of barley in clofed vcfTels fame way, afibrded 4 drams 5 grs. of pyroinu- 
and in atmofphercs of diiierent gailes, Mr. C. cous acid, and 105 grs. of charcoal, the calca- 
unifornily found that oxygen was neceflary to reous alh of which after incineration, amounted 
the germination of the fee<l, and that in the to 12 grs. and was, as in the former cafe, lime 
pfocefs much carbonic acid was produced. This mixed witli phofphat of lime. The ammonia 
oxygen may be either abforbed entirely or may procured from the pyromucous acid was in 
immediately combine with the carbon of the much greater quantity than from gum-arabic, 
feed to produce carbonic acid. Mr. C. then An ounce of gum-arabic treated with nitric 
endeavoured to invert the procefs, and to convert acid alfo afforded 3 drams and 36 grs. of oxalic 
fugar into gum by a difixygenating procefs. acid, and 6 grs. of a white powder which Mr. 
Phofphuret of lime was chofeii for this purpofe. C. allirnis to be oxalat of lime, and not mucous 
Some fugar was diffolvcd in alcohol, and pliof- acid as reprefented by other chemifts, but he 
phuret of lime added. No gas was difengaged, does not give the experiments by which this 
and the mixturejlood in an open phial for fome was afeertained. 

days. The alcohol was then evaporated and Gum mucilage is not fufccptibic alone of the 
•ir^*jen-..added, which would have difengaged vinous fermentation, for Mr. C. found that 
phofphuretted hydrogen had the phofphuret re- when mixed with ycail, and kept for a long 
mained unaltered, but this was not the cafe, time at a warm temperature, nothing like fer- 
as it was now converted into phofphat of lime mentation could be perceived, and the mixture 
.from the abforption of oxygen (as Mr. C. fup- though it acquired a naufeous fmell, retained its 
pofes) from the fugar. The clear liquor being original tadc. It is only when unmixed how- 
then evaporated there remained a very tenacious ever that mucilage remains fo inactive, for when 
fubffance, bitter to the. taffe, with fcarcely any united with fugar either naturally or artificially, 
remaining fweetnefs; when fqueezed between it forms a compound in which Krmentation is 
the teeth it had exa£lly the feel of gum but was cafiTy excited. 

more tenacious. It was no longer Ibluble in MUCILAGE, Anhftal or Animal Mneut. 

alcohol (as fugar is) and when thrown on a red Many of the animal fiuhls contain a fubltancc 

hot iron it burned like gum, and left an inlipid which refcmblcs vegetable mucilage in being 
bulky charcoal. folubie in water, not coagulable by heat, iiifo- 

Tm converfe of the above experiment was lublc in alcohol, infipid and giving a flimy con- 
then tried, but it was not found that gum could fiilenco to the fluids with vvhich it is mixed, 
be converted into fugar by any oxygenating pro- and hence is denominated mucus, ^he faliva 

Cruikfhank in KolUi*t EiTay on Dlabciea, or *Nich. Fliil. Joura. 4to. vol. i. and ii. 
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is a familiar example of a mucilaginous animal 
fluid* Animal mucus refemblcs gelatin fo clofely 
both in its ultimate analyfls and in many other 
properties, that the one is confidered by Mr. 
Hatchett as only a modification of the other, 
and moil of what has been defcribed in the 
article Gelatin will therefore apply here. 

Dr. Bollock* has however very clearly pointed 
out a very decided difference between the two 
in the manner in which they are a£led on by 
the aqua lithargyri acetati, or Goulard’s ex- 
traft, a preparation of lead, made by faturating 
boiling vinegar with litharge. This liquor 
when added to any fluid containing animal mu- 
cus, gives a copious white precipitate, whereas 
it is not rendered fenfibly turbid by a folution 
of pure jelly. 

The infufion of galls or tan alfo which in- 
ilantly precipitates jelly, has no cfle£l or fcarcely 
any on mucus, and thefe two tefts therefore 
wnll be fufficient in moll inflances to dete£l the 
prefence of one or the other. Neither mucus 
nor gelatin are altered by the folution of corro- 
five fubiimato, which however precipitates albu- 
men copiouily. Idence in a mixture of albu- 
men, gelatin and mucus, thefe fubilances may 
be feparated with tolerable accuracy by the fuc- 
ceflivc application of corrofive fublimatc^ infu- 
lion of galls, and acetated litharge. 

It is not eafy however to find the exaft 
quantity of mucus by the folution of litharge, 
for the lead which it contains will be equally 
precipitated by fulphuric, muriatic, and phof- 
phoric falts, all of which are found in many 
animal fluids. A further application of re- 
agents might indeed feparate the fulphat, mu- 
riiit, and phofphat of lead, from that peculiar 
combination formed by mucus and oxyd of 
lead, but the quantities of each are generally 
too fmall to allow of much accuracy in this 
mode of proceeding. 

Animal mucus is generally combined with 
gelatin and albumen, and always with fome 
falts, and on the whole it is one of the lead 
abundant of the animal fluids. 

MURIATIC ACID. Acide Muriatique^ Fr. 
taiznurtf Germ. 

If a fmall retort or a proof bottle with a 
curved tube be half filled with well dried com- 
mon fait, and^fome flrong fulphuric acid be 
poured upon it, a copious efiTervefcencc takes 
place, and the elallic fluid thus extricated ap- 
pears in the form of a white vapour as foon as 
It comes in conta£l with the atmofphere : when 
by the evolution of this gas all the common air 
* £din. Med. Sc S«rg. JovnieL 


has been driven out of the retort, the fubfe* 
quent portions of gas may be colleAed in the 
ufual manner in glafs jars filled with mercury 
and inverted in a bath of the fame fluid. The 
air thus procured is known among chemifts by 
the name of muriatic acid gas ; it is traiifparent, 
colourlefs, and poflefled of the fame mechanical 
properties as common air and other elaflic 
fluids. Its fpecilic gravity, according to Fon- 
tana, is about = 0.00209, but according to 
Kirwan, is = 0.00231, that of water being 
= looo.o, and of atmofpheric air 2= 0.00123. 
It has a peculiarly fuflbeating odour; to the 
taftc is extremely four and corrofive, and aifedls 
vegetable colours in the fame manner as other 
acids. It is inllantancoufly fatal to animal life, 
and is incapable of fupporting combuflion ; this 
peculiarity however belongs to it, that if a 
lighted taper is plunged into a jar full of it^ the 
flame is confiderably enlarged and tinged of a 
greenifh yellow colour before it is extinguifhed. 

Muriatic acid gas is not, properly fpeaking, 
combullible, though it unites without difficulty 
with a confiderable proportion of oxygen, form- 
ing OxYMURiATic Acid. The affinity between 
water and muriatic acid is very powerful : even 
when this fubilance is in a gaffeous (late it holds 
a confiderable quantity of water, from whicK it 
cannot be freed otherwife than by the decom- 
ofition of this latter fubilance. If a little water 
e introduced into a jar of muriatic acid ^as 
ftanding over mercury, an immediate abforption 
takes place and the whole of the acid fuddenly 
lofcs its gaffeous Hate, heat being at the fame 
time given out. A fimilar though not fo fudden 
an effefl is produced by charcoal, foft wood^ 
fpongc and various other porous bodies, pro- 
bably in confequence of their containing moif- 
ture. A piece of ice introduced into mtiwt k 
acid gas is melted as rapidly as if it was laid on 
a hot coal in confequence of the liberation of 
caloric during the combination of the water and 
acid. If alum or any other fait containing much 
water of cryllallization be introduced into this 
acid gas, an abforption takes place and the fait 
becomes pulverulent in confequence of the 
transfer of the greateft part of its water to the 
acid. Iron filings, wax, phofphorus, fulphur 
and other inflammable bodies when brought into 
contafl with muriatic acid gas abforb more or 
lefs of itf and the refidue after waffling with 
water is inflammable ; * the caufe of which will 
be explained prefently when we treat of the 
decompofition of this acid. Neither azot nor 
any of the fimple or compound inflammable 

* Fricftley 00 Air. VoKii. p. sSo. 
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gaffes have any adion on muriatic acid^ with 
atnmoniacal gas however it combines inftaii- 
taneoufly, the two airs if rightly proportioned 
to each other entirely difappearing and folid 
muriat of ammonia being the refult. 

Although muriatic acid when in the ftate of 
gas is the pureft form in which it is known, yet 
the inconvenience of keeping and applying any 
fubflance in this ftate being very great, it is 
always ufed except on particular occafions in a 
liquid form. Idquid muriatic acid, or fpirit of 
Talt, is prepared in the following manner. A 
capacious tubulated retort is filled about one- 
third of its capacity with decrepitated common 
fait (muriat of foda), and the jund^urc of the 
retort with the receiver is carefully clofcd with 
fat lute : to the receiver is adapted a Woulfe^s 
apparatus, the bottles of which are placed in a 
frame or fmall ciftern for the fake of keeping 
them cool by means of ice and water. The 
Woulfe bottles themfelves are more than half 
filled with diftilled water, and then concentrated 
fulphuric acid, in the proportion of about 6 
ounces for every pound avoirdupois, is poured 
upon the fait through the tubulure of the retort, 
which is immediately after clofed with its glafs 
ftopper. As foon as the acid and fait come into 
contafl, the retort and receiver are filled with 
white vapour, and the difengagement of muri- 
atic acid goes on for feme time without the 
application of heat : when the current of gas 
through the Woulfe bottles begins to flacken, a 
pot oi lighted charcoal ihould be placed under 
the retort, gradually increafing the fire till at a 
very low red heat no more gas is difengaged. 
What remains in the retort is now dry fulphat 
of foda, and the water in the Woulfe bottles 
will be found to be more or lefs impregnated 
whh muriatic acid according to the quantity of 
fait originally made ufe of. The method pur- 
fued in the manufaduring laboratories in Eng- 
land is in general the fame as that mentioned 
above, but with a greater fimpHcity of appara- 
tus, and the veflel that performs the part of the 
retort is either of earthenware or of iron j this 
laft however is extremely improper, as a portion 
of iron always rifes with the acid and thus 
communicates to it that yellow ft raw colour 
which diftinguifhes common muriatic acid. In 
Germany, where fulphuric acid is dealer than 
it is in this country, the mode of manufafluring 
this acid is to mingle accurately one part of 
common fait with four of dried clay, and to 
fubjefk the mafs to ftrong ignition in iron or 
earthen vcflels ; at a high temperature the alka- 

r 
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line bafe of the fait combines with the earth, 
and the gaftcous acid as it pafTcs over is received 
into water where it is coiulcnfcd in the ufiial 
way. ^ 

If a portion of water be confined in a jar over 
mercury, and muriatic acid gas be let up into 
it, a quantity of gas equal in weight to the 
water will be abibrbed, while its hulk will be 
increaled, according to Dr. Prieftlcy, from i to 
1.5, and according to Kirwan from i. to 1.33 : 
hence the fpecific gravity of this liquid acid, 
according to the former, is = 1.33, and accord- 
ing to the latter zzrz 1.5: but the Ipecific gravity 
of the ftrongeft muriatic acid that can be made 
and kept in the common method does not ex- 
ceed at 60° Fahr. 1.196. Pure liquid muriatic 
acid is as colourlefs as water ; when expofed to 
the air it emits a white vapour ; it afre<!:]ls the 
fmell and talle in the fame manner as the mu- 
riatic gas does : it combines with the alkalies 
and earths, forming neutral falts. Its action 
upon iron and zinc is very rapid and accom- 
panied by a copious difengagement of hydrogen 
gas; at a boiling temperature and in open vef- 
fcls it oxydates and diilblves copper, tin, bif- 
niuth, lead, cobalt, mangancl'c, antimony, and 
arfenic ; filver is alfo affc£led by it though very 
flightly ; it feems to have no affion whatever 
on gold, platina, mercury, tungften, molybdena, 
tellurium and titanium. It diilblves all the 
metallic oxyds and is an acid of remarkable 
a£livity. When heated for fome time In clofed 
glafs tubes it corrodes them very fenfibly, taking 
up the ox yd of lead from the white glafs and 
the alkali from green glafs. ^ 

Muriatic acid is capable of decompofing In 
part the ftrongeft nitric acid, being itfelf at the 
fame time converted into the oxygenated mu- 
riatic acid, as may be feen more at length in 
the article Nitro-mur iatic Acid. For the 
fame reafon alfo the alkaline nitrats are decom- 
pofable by muriatic acid, as has been ably fliown 
by Cornelte. ** 

Various attempts have been made to decom- 
pofe the muriatic acid, and becaufc in moft of 
the experiments a quantity of hydrogen made 
its appearance, this fubflance was fuppofed by 
many to be the acidifiable bafe of the acid. From 
more recent and accurate examinations however 
it appears highly probable that the hydrogen in 
all thefe cafes arifes not from the decompofition 
of the acid but of the water, which it always 
contains in a greater or lefs proportion. The 
moft fatisfaAory experiments relative to the 
fuppofed decompofition of muriatic acid are 

* Mcm.dc I'Aoad. det Sciences for 1778, pp. 44«— jjj. 
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tliofc of Mr. W. Henry, * the principal refiilts 
of which we lhall proceed to detail. When 
muriatic acid gas confined in a glafs jar over 
mercury is fubjecled repeatedly to the elccbric 
Ihock, it undergoes a diminution of bulk^ a 
white matter appears on the infide of the tube, 
and upon fubfequent mixture witli water a por- 
tion of gas remains unabforbed, and appears to 
be hydrogen in a ftate of confiderable purity. 
The diminution of the acid gas and all the other 
accompanying phenomena are the moll remark- 
able when the acid operated upon is that which 
is firll difengaged on mixture of fulphuric acid 
and common fait : the part that comes over 
during the latter end of the procefs is confidcr- 
ably Icfs afFe£lcd by the elec-lric lliock than that 
v/hich is firll priKluccd j and if the gas has 
been previoully dried for fomc days by contact 
with folid muriat of lime, the diminution of 
bulk by cledlrization is fcarcely perceptible. 
'The wliite matter that appears during the pro- 
cefs is mild muriat of mercury or calomel : 
hence it is obvious that in theie experiments 
oxygen and hydrogen are dilengaged, of which 
the oxygen togctlicr with part of the muriatic 
acid unites with a portion of the mercury, while 
the liydrogcn and the rcfuluc of the acid remain 
in the Hate of gas. Now as the component 
pa’t i of water arc oxygen and hyiirogen, and as 
the amount of theie lubllances difengaged by 
the cle£lric Ihock is in an inveife proportion to 
the dryr^efs of the gas, it is realbnablc to con- 
clude that the hydrogen and oxygen proceed 
from the decompofition of w'atcr and not of 
muriatic acid. This conclufion is further 
ftrengthened by another fa6l, namely, that after 
a number of Ihocks have palled through the 
gas its diminution ceafes, and if it is then trans- 
ferred to a frefll tube over mercury and again 
fubjefted to the a£lion of ele^lricity, no further 
change in bulk is experienced, nor is there any 
formation of calomel 5 but if the acid were 
really dccompofed, the produdHon of calomel 
might to continue as long as any acid gas re- 
mained. Again, When muriatic acid gas is 
clcc^^rificd in a glafs tube without the contadl 
of mercury, the relult is found to be oxymuriatic 
acid g IS mixed with hydrogen. Several attempts 
were made by Mr. H. to deoxygenate muriatic 
acid g ts by mixing it with caiburetted hydrogen 
and eledtvifying it, but without fuccefs : tite 
mixed gafles were indeed expanded and carbonic 
acid was produced, but thefe changes were ob- 
vloufly caufed merely by the decompofition of 
the water, lince after tliey had entirely ccafed a 


little water was introduced, and the quantity of 
muriatic acid abforbed was equal to what would 
have been taken up if the acid gas had been 
eleftrified by itfclf. 

So various and uniformly ineffedlual have 
been the attempts to decompofe this acid, that 
we mull conclude either that it is a fimplc body, 
or if, like many other of the acids, it be cori- 
fidered as a compound of a combullibJe bafe 
with oxygen, the ailinity between the two muft 
be regarded as more powerful than that of any 
of the known comhulliblc bodies with oxygon. ' 

The alFinities of muriatic acid are arranged 
in the moll recent tables in the following order. 
Barytes, potaih, Ibda, flrontian, lime, ammonia, 
magneiia, glycine, alumine, zircon, metallic 
oxyds. This order how'ever is not corre<^l, for 
the oxyds of filver, mercury, lead, and probably 
antimony, arc capable of decompofnig mod if 
not all the neutral and earthy muriats. 

'rhe ufe of muriatic acid in the laboratory is 
very confiderable, but in medicine and the arts 
it is but little employed except in the form of 
muriat or combined with fomc falifiable bafe. 
It is worth remembering by the chemift that 
nothing takes off the crull of oxyd of iron, 
which in many experiments is found adhering 
with remarkable clofenefs to glafs velTels, fa 
fafely and quickly as a little WMrm dilute muri- 
atic acid. 

Muriat of Potash, or Sa't of Sy/v/W. 

Muriat of potaih is rarely if ever found 
native except in the allies of a few plants and 
ill fome animal fluids, efpccially milk. To ob- 
tain it pure it mud be formed either by the dirc£l 
union ot muriatic acid and potiirfli, or its carbo- 
nat, or by dccompofing common fait by potafli. 
The former is the bed method for a chemictrl 
invedigation of its properties. 

If a faturated folution of this fait is flowly 
evaporated the muriat of potafh feparates in the 
form of regular cubes, which have a fait and 
bitter tade, together with a degree of pungency 
like muriat of ammonia. It diflblves in three 
times its weight of cold water, and by boiling 
fomewhat more is taken up, and hence a clear 
hot faturated folution depofits a portion of fait 
by cooling, in which refpe^l it difiers from pure- 
muriat of foda. Muriat of potaih when brilkiy 
heated fliarply decrepitates, but does not liquefy 
in its water of crydallization, this being only about 
8 per cent, which flies off at a heat below ignition. 
At a full red heat the fait melts, and if the heat 
is further urged the fait ttfelf flies off in a. 
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white denfe vnpour, which however Is not dc- 
conipofed. 

This fait is fomewhat doliquefct^nt in a mnifl: 
air. If a little fulpliuric acid is poured on it the 
muriatic acid is expelled in the form of white 
fumes. The nitric acid dccompofcs it partially 
and caufcs the evolution of nitro-muriatic acid. 
The phofpliaric acid alio expeljs the muriatic at 
a high heat. 

This fait is compofed according to Kirwnn, 
of 64 of potafti and 36 of acid when dried at tSc/* 
ttf whicli however about b arc mere v. ator of 
cryilallizatioii ; and ico parts of the fait wjien 
deeompoftd by nitrat cf iilver give 217.65 of 
‘ dry luna cornea. 

Muriat of potafli is not ufed. It is rarely 
produced in the large way in chemical proctlTes 
except when the comparative prices of potafli 
and'foda malvo it worth while to procure foda 
from Tea fait by means of potafh, as will be 
nijntiuncd in the next a.nicie. 

Muriatic acid may be procured from muriat 
of potalh in the lame way as from muriat of 
foda, but the bitter tafle and rather greater dcli- 
qu fcciice of the former, render it prt.bably 
fca;cc]y fit for any of the culinary ufes of cum- 
mo i fait. 

Muriat of Soda. Sea Salt. Commori 

Salt. 

This fait cxirts abundantly native cither as a 
folid foffil or dillblvcd in water. In the former 
cafe it ranks as a peculiar mineral fpecies, and 
will be deferibed accordingly. 

Rock Salt, or Fossil Salt, or Sal Gem. 
—Steififilx. Wern. Sel gem me. Droch. 

Of this fpcciej there arc the two following 
varieties. 

Var. r. Yol'sttvd Rock Salt. 

Its cohiur is iifually greyifls, yollowlfli, or 
milk-white, or a.ii-grey, finoke and pearl-grey. 
It alfo though rarely occurs flefh, blood or brick 
red, and Hill more raiely violet or Iky-blue or 
green. It is found in mafs, iliflcniinared, in 
large columnar or iplierical diftini:! conennions, 
or cryft llized in cubes. 'Fhe recent fradure 
is brightly fhinlng with a luflre between vitre- 
ous and rcl n »us. Its frafture is ftrait foliated 
in three rcciangular direftions ; hence the form 
of its fragments is cubical, hut this is tlic cafe 
only when it is cvyllallized, the malTive varieties 
are thick foliated approaching to flaty, and 
break into blunt-edged irregularly wedge-fliapcd 
fragments. It is fcmi-tranfparen% palling on 
one hand into tranfliicent and on the other into 
tranfparent. It is moderately hard and not 


very bviit’c. To tlic touch it is fmooth and 
alniofl greafy. Sp. gr. 2.14. It is fait to ilic 
taflo, ii is dciiqucfccnt in a jnoill atniofphere, 
is readily foluble in w^atcr, dccrcplliUcs lliongly 
when L.id on hot coals, and is fufible at a Knv 
red heat, 

Var. 2. Fibrous rock fait. 

Its colour is greyilh-whitc, ycliowifli or pearl- 
grey, lavender or viidcl-hlue, or lldh-icd. Its 
iiitornal hiftre is pt ally varying from fliining to 
gliilening. lis fraiclnre is libruii:?, either paralli l, 
wuih fine and cu;vc*.l fibres, or dlveigcnt, witJi 
coarfe and itraii (jik.m. Its iragmciits are wedge- 
fliapcil or fplinteiy. It v. tries from iranflucent 
U> i.-mi-tranfpavent : it is tiuuler aiul brittle: in 
otiuu' refpeds it agrees with the preceding va- 
riety. 

Rock fait forms a peculiar fpecies of rock, 
llie proper geological fiLuation of wliicli is be- 
tween tlie oldcH IccoiuLiry gypfuin and fecon- 
dary fanditonc: it fi'inis coutinnous beds of 
great tliit knefs, and often i>ccurs in large foli- 
tary blocks: it is alv/ays accompanied by fcini- 
indurated clay, for flie part Hrongly im- 

pregnatctl with fall ; and alternates with beds 
of fwinellonr, gypfum, lin;eflonc, and fandftone. 
The beds of fait are mollly below the furface of 
the ground, but fometimes it rifes into hills of 
conliderabic elevation. At Cordova in Spain, 
acconiiiig to iaowles, there is a liill between 
four and five hundred feet high, compofed en- 
tirely of tills mineral. 

Rock fait, tliough not of very frequent occur- 
rence, is however by no means rare ^ the moil 
celebrated mines arc thoie of Wielicza in 
Galiicia, of Hallo in the 'I irol, of Foland, of 
Callillc in Spain, and Chcfliirc in Kngland. 
In the pn;vii'.co of Labor in llindoflan, i.-^ a hill 
of rock fait of ctpial magnitude wuth tl-at near 
Cordova. ri e nnnos of lieilki in Ridlia, y’cid 
vail quantiiic;^ of ibis fiibllance ; it is lb plenti- 
fut i:i tlie dcfari of Caramania. and the air is fo 
dry, ?]iat it is tlicie ufed as a material ftjr build- 
ing : it foLins iIk* furf.ico of a large part of the 
Nortlicrn defart of l.ybia, accinding to llornc- 
man \ it is alfo found in abundance in the defarts 
of Peru. 

Mfiriat of foda has- a pure f.diiu* tafl;e without 
any mixture of biitei ncd\. li cryilallizes in cubes 
when obtained by flo \ evapiaatioii from its folu- 
tioii, but when procured by a boiling heal (us is 
the cafe with n.ofl of the ialt uled fur culinary 
purpofes) the form is that of a hollow inverted 
pyramid, refembliug a hopper, and is matle by 
a fuccellive aggregation of cubes rounil a central 
one, whillt on the furface of the biincj 
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whilft the increafing bulk of the mafs caufes it 
gradually to fink lower in the liquor. 

Common fait is very foluble in water, 8 parts 
of the latter will diflulve fomcwhat Icfs than 
3 of fait at a moderate temperature, and fcarcely 
any more is taken up at a boiling heat, fo that 
no fait can be obtained from a hot faturated 
folution by mere cooling, but only by evapora- 
tion of the fluid. Salt contains but little water 
of cryftallization, and hence when thrown in 
the fare or fuddenly heated it decrepitates or 
flies to pieces with u crackling noife. If heated 
red hot it melts, and at a ftill higher tempera- 
ture it flies ofFin the form of denfe white fumes, 
but is not decompofed by volatilization. 

It is compofed according to Kirwan, of 53 
per cent, of foda, and 47 muriatic acid and 
water, and the quantity of real acid is fuch 
that 100 parts of the cryftallized fait decom- 
pofed by nitrat of filver, will give 233^ of luna 
cornea,* of which the mere acid is 38.6.** It 
muft be obferved that there is fome difference 
in the analyfes of difFerent chemifts, but taking 
the above aata as correct, foo parts of cryttal- 
lized muriat of foda will contain 53 of foda, 
38.6 of acid, and 8.4 of water. 

Common fait is generally fa id to be infoluble 
in alcohol, however Mr. Kirwan found that in 
a moderate temperature 100 grs. of alcohol, at 
•900 fp. gr. diflbived 5.8 grs. of fait ; the fame 
quantity at .872 fp. gr. dilFolves 3.6 psi and 
even, at .834 fp. gr. it diflbived | a grain. 

Muriat of foda may be decompofed in a 
variety of ways : its acid is readily and totally 
'expelled by tne fulphuric at a moderate heat : 
its alkali may be procured by a variety of me- 
thods, many of which are ufed in the great 
way, and will be fhortly deferibed at the end 
of this article. 

We now proceed to the mention of methods 
by which are procured the immenfe quantities 
of common fait employed by man in alinoft 
every country on the face of the globe. 

It nas been already mentioned that native fait 
is found, either iblid, under the furface of the 
earth (when it is often termed fal gem, and of 
which that in the county ofChefter in this country 
is a ftriking example) or diflbived in natural 
brine fprings, which are always found in the 
neighbourhood of rock fait : or it is left by the 
fpontaneous evaporation of many inland lakes 
and pools in different parts of the world: or 
Jaftly, an inexhauflible (lore of it is contained 
in tne waters of the ocean. Sometimes the 
.rock fait is found fufHciently pure to be ufed 


without any preparation ; this however is rare, 
for by far the greater part of the fait ufed 
throughout the globe, is got by evaporation of 
fait water, either by natural or artificial heat, 
or often by both. The general procefs of 
making fait from brine by artificial heat, is very 
fimple and obvious, being little clfe than putting 
the brine into a broad fliallow iron pan, bring- 
ing it to a boiling heat by furnaces underneath, 
and continuing the evaporation nearly to dry- 
nefs, during which the fait gradually feparates 
as the water is diflipated, and is afterwards ctl- 
lefted and gently dried. But there are feveral 
circumflances relating to falt-making which de- 
ferve the attention of the chemiil, and require 
to be related more at large. 

We fhall give in a few words the procefs of 
falt-making as praftifed in Cheftiire, being the 
place whence mod of the fait ufed in this country 
is obtained. ^ 

The brine is firft pumped up from very deep 
wells, by powerful machinery, and is difeharged 
in a large pond or refervoir. If the brine is weak in 
fait, it is generally ftrengthened and nearly fatu- 
rated by throwing in a quantity of the more 
impure rock fait dug up in the neighbourhood, 
particularly in thofe falt-works that have the 
convenience of water-carriage from the pits; 
There is a confiderable diflference in the purity 
of the brine from different pits, all contain a 
fmall portion of earthy fait, chiefly fulphat of 
lime, and a fmall quantity of carbonat of lime 
held in folution by an excefs of carbonic acid, 
and frequently allb a little carbonat of iron. 
The purcil brine is perfe£Ily limpid, of a pure 
faline tafle, and a peculiar cold green hue. 
This laft indicates the abfenc(? of iron, for when 
even the fmalleft admixture of oxyd of iron is 
prefent, the water has a yellowifli caft, and the 
fait made from it never acquires that delicate 
blue-whxtenefs which is confidered as a criterion 
of its perfeflion. The falt-pans where the brine 
is boiled down are oblong (hallow troughs of 
wrought iron, ufually from 20 to 30 feet long 
and &road, and about 9 to 12 inches deep. 
They are fet ftrongly upon mafonry, over a 
large furnace, the flues of which draw all round 
the pan. The fuel is coal, of which there are 
many pits at no great diflance. Each pan 
(lands in a fmall covered building, with a pyra- 
midal roof formed of boards floping downwards, 
but with a confiderable interval between each, 
lb as to keep ofF the rain, and at the fame time 
to allow of a free paiFage for the fteam of the 
boiling brine. 


* Klsiproth. ^ KJrwai^ Min. Wscert. p. 139. * Orij^insl Commuiikstioo.' 
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The whole prooefs of boilings purifying, and 
evaporating the brine, is performed in this fingle 
pan. 

The brine after (landing fome days in the 
refervoir, is pumped into the pan. When 
heated to about 100° it begins to grow turbid, 
owing to the depoiition of the carbonat of lime 
and of iron (if any) by the expuKion of the car- 
bonic acid which held them in folution. This 
forms a fciim on the furface of the brine which 
is partly removed by a (kimniing difh, but 
slTUch of it falls to the bottom, and if fuffcrcd 
to remain would materially injure the quality of 
the fait. To clear it out the brine is evaporated 
till it begins to /a/t^ that is, till a portion of the 
muriat of foda begins to feparate, and this falling 
*to the bottom mixes with the carbonat of lime 
and gives it a body, which enables the workman 
to draw it out. This is carefully done, and the 
fediment thus obtained (culled clearings) is 
thrown away, which from a pan of 24 feet by 
27, ufually amounts to about three or four 
buHiels. The evaporation is then continued at 
a boiling heat, and the fait gradually colie£ls 
at the furface and falls to the bottom in 
beautiful cryftals of a pure and delicate white, 
wher6 the brine is good. As the procefs ad- 
vances and the fait collc£ls in quantity, it is 
fifhed out from the bottom of the pans by wooden 
veflels, and poured into large hollow wooden 
cones, with a hole at bottom, and fufpended 
round the fide of the pans. Here it drains, 
and the drainings drop again into the pans. 
When the procefs is complcated and the contents 
of the pan evaporated almoll to drynefs (which 
ufually takes a (ingle day and a night) the cones 
full of the fait arei taken to a large room made 
very hot by (loves, where they remain till 
thoroughly dry. 

The grain of the fait is determined by the 
rapidity of the evaporation and the degree of 
heat ufed. In the common falt-making the 
water is evaporated at a full boiling heat, that is, 
as fad as pollible, and hence the grain is fmall, 
and the fait comparatively foft. The contents 
of a (ingle pan are ufually worked oiF in twenty- 
four hours, except from Saturday to Monday, 
when two days are taken, and hence a larger 
and harder grained fait is made, which is much 
edeemed in the country for faltifig cheefc. 

* It is found by experience that fome brines 
will not readily fait by mere evaporation, but 
that fome addition is required to make them work 
well and the fair fall regularly. This addition, 
is generally calve’s feet jd!y, fometimes glue, 
foi&^times white of eggs, Ibmetimes blood, and 


in fliort any animal or vegetable mucilage feems 
to anfwer the purpofe. It is uiual to have 
danding in a corner of the pan an earthen vclTcl 
containing eight or ten pair of calve’s feet, to 
which hot brine is added to extra£l the jelly, 
and after the clearings arc removed aiM the brine 
begins to fait, the workman adds a little of the 
jelly at difcrction. The pvccife ufe of this ad- 
dition is by no means obvious, nor is it abfo- 
lutely nccelTary, but loi^g experience has (licwii 
it to be ufeful in many kinds of brine. 

Another difficulty fometimes arifes. In 
general the brine when it once has begun to 
fatty goes on to work well to the lad, every 
part of the furface being fufficiently covered 
with fmall crydals of fait, which foon grow 
into a group forming a fmall floating iiland 
of fait, which foon finks to the bottom by its 
own weight, and leaves a clear furface above, 
which again is covered in the fame manner. 
But fometimes from fome unknown enufe, a 
thick (liapelefs crud of fait forms rapidly over 
the whole pan, which foon hardens to a dry 
floating cake of fait, preventing in a great mea- 
fiire the cfcape of tJie deam, and materially 
retarding the procefs. To remedy this a fmall 
lump of butter, not more than about half an 
ounce, is thrown into the pan, which quickly 
melts and diftufes itfelf over the dry cake of 
fait, and caufes it to break up and (ink, after 
which the fading goes on well. 

After the brine has been evaporated nearly 
to drynefs, and indeed during the latter part of 
the boiling there is depofited on the bottom and 
fides of the pan a hard white falinc and earthy 
crud, which drongly adheres to the pan, and 
is partly fufed to its furface by the intonfity of 
the fire in proportion as the fides become dry 
by the lofs of liquid. 

This crud daily accumulates and produces 
much inconvenience, partly by injuring the 
quality of the fait, but chiefly by iiicreafing the 
didance between the fire and the brine, ai|d 
forming a thick coating through wliich the heat 
penetrates with difficulty. Hence it becomes 
neceflary about once a month to difeontinue the 
boiling^ for a day, and to pick and beat off this 
crud with hammer and chiflel often to the great 
injury of the pan itfelf. The pickings or pan* 
fcratch as they arc alfo called are throwm away. 
Their analyfis will be mentioned afterwards. 

A very large-grained and beautiful fait is 
made at Liverpool and fome other places by 
very flow evaporation of faturated brine, and 
drings or dicks are put into the pan on which 
the cryftals form, as in the making of fugar- 
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candy. This fair is' ufed in the curing of fifh, 
and is called fi flier y- fait. 

IVluch of the finefl: part of the rock fait dug 
out from the pits near Northwich in Chcfliire 
(the only r6ck-pits in the kingdom) is exported 
to, Ireland, tlie Well Indies and other parts, 
and of 1 ue years a plan has been adopted of 
bvuifing it Sy rollers and bringing the fragments 
to ihe iizo of the common bay and filhery fait, 
in which ilate it is found to anfwcr well for 
curing fifli and meat. 

The chemical analyfis of the diflerent brines 
and produces or impurities in falt-making will 
be prcfcnily mentioned. 

The above method of falt-making has been 
praftifed in the (^hefliire works with fcarcely 
variation ever fince their lirft cftabliflimeiit, 
the methods employed in other countries of 
concentrating weak brine before boiling being 
unnecefl'avy here, as there is abundance of ftrong 
brine and a further opportunity of faturating 
the weak by the rock fait. 

As the greatefl inconvenience in falt-making 
is the precipitation of the earthy impurities and 
the dilficulty of preventing tliem from mixing 
with the falij a plan has lately been adopted 
(under patent) in fome works near Northwich, of 
heating the brine in a fcpnratc pan to the 
degree at which the earthy carbonats precipitate, 
before it is fent into the large faking pan. It 
is found that the fame fire, by extending the 
flues, will heat this preparing pan which is 
contiguous to the other, and the time in which 
one pan-full is worked off is fuflicicnt to bring 
the frefli portion to the requifite heat, and to 
purify it confiderably. 

We fliall now relate fome of the leading 
circumftances of the preparation of fait in 
foreign countries as far as they differ from that 
above deferibed. 

When a weak brine is expofed to the at- 
mofpherc the watery part gradually evaporates, 
with it the carbonic acid which it contains, 
the efFea of which is to concentrate the folution 
and alfo to caufe the depolition of the earth 
and oxyd of iron which the carbonic acid held 
diflbived. As evaporation much depends on 
the furface expofed to the air, a very ingenious 
method has been adopted of promoting this by 
caufing the weak brine to fall fucceflively 
through large bundles of faggots, whereby a vaft 
confumption of time and fuel in the fubfequent 
evaporation is prevented. This operation is 
called graduation, and the place in which it is 
•performed a graduating honfe^ 


This con fills of a very long range of rows of 
faggots placed perpendicularly, and rifing to 
the heigl^t of about 25 feet and difpofed in 
cones, the fummits of which ^re about 6 feet 
ill diameter, and the bafes about 10. Juft 
above the faggots is a trough perforated with 
holes at final I intervals, furniflied with flop- 
cocks, and the whole is covered with a pent- 
lioufe roof. At the bottom of the faggots is 
another trough to catch the brine. The length 
of tlicfe houies is dctermir.ed by the quantity of 
brine wanted, fometiines it is enormous. Ja 
fome parts of Germany there are graduating 
houfes fix thoufand feet long, but in general 
they are from 200 to 1000. 

The weak brine is firft raifed by pumps to 
the upper trough, when the llop-cocks are- 
turned and the water n)ade to fall like a fliower 
of rain through the faggots into the trough 
below. It is then again forced up and under- 
goes the fame operation fucceflively till it is 
fufficientJy concentrated. The flate of the 
atmofphere has the greatefl influence on the 
gracliis^tion of the brine. The evaporation goes 
on the quickefl in a dry air with a moderate wind: 
when the wind is violent mucli of the brine is 
carried away in the flate of fpray or vapour, 
particularly when the column of faggots is not 
pyramidal but has the fame dimen fions through- 
out. As a proof of this wafte Haller obfen^es 
that in the neighbourhood of thefe graduating 
houfes the ground becomes in a few years 
covered with the falicornia and other plants 
which are known to require a fait foil .and 
flourifh on the fea-fliore. 

It has been mentioned that in proportion as 
the brine becomes concentratod it parts with its 
carbonic acid, and depofits carbonat of lime, 
and hence the faggots of the graduating houfes 
become gradually encrufted, over every twig, 
with a brown hard earthy matter, confifling 
chiefly of carbonat of lime. 'Fhus in a courfe 
of years the faggots are entirely covered with 
llalactitc as in the common pctrefa£lions, 
and the fiirfaces for evaporation become thereby 
fo much diminifhed that it is neceflary to 
replace them with frefli faggots. The time 
that one fet of faggots will lail, is about eight 
or ten years. 

The efFe£t of graduation in concentrating 
brine is very ftriking. Baron Haller in his* 
valuable memoir on the fubjed gives the refult 
of manv obfervations on this and other particu- 
lars relating to the falt-works in Switzerland of 
which he was tho dire£lor.^ 


* Mem. de TAcad. for 1764. 
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The brine iprings in this country feldom 
contain more than one per cent, of lalt in the 
natural (late, but by mere graduation the brine 
is brought as high as 20 per cent, after which 
It is ready to be boiled down as ufual. To 
efFe£f this concentration therefore, 20 parts of 
brine muft part with 19 by evaporation through 
the faggots. The depofition of flalaflite hard- 
ly begins till the brine is brought to 5 per 
cent, of fait, and it ceafes altogether when it 
is brought to 15 per cent. The graduation of 
^he brine becomes flower as the concentration 
increafes. With regard to the a£fcual cfTefl of 
a given quantity of faggots, Haller finds that 
at a mean degree of concentration or 10 per 
cent, the evaporation of a (ingle day in Swit- 
zerland, taking the average of the entire year, 
is 1100 cubic feet, (reckoning the weight of 
the cubic foot at 46 lb. of 18 oz.) in a row of 
faggots 20 feet high, and 735 long. When 
the fun Ihines llrongly, the exhalation is more 
than double the above quantity. 

A graduating houfe of the above dimenfions 
is eftimated to have always at work about 
1,912,000 lbs. of brine, and this quantity is 
furnilhed eleven times in the year to the boiling 
pans. There appear to be two inconveniences 
in graduation, one, which is but trifling is, that 
the brine extra£ls at firit fome colouring matter 
from the faj^ots, which is never totally got rid 
of in the i^fequent evaporation, fo that the 
fait has a little orownifh tinge. The other is 
more ferious, and it is the aAual lofs of brine 
by graduation either when the wind is too vio- 
lent, or the procefs managed unfkilfully and 
the faggots not well arranged. This in fome 
fait works is eftimated as high as from 30 to 
40 per cent. 

Klaproth has fome valuable experiments on 
graduated brines in his analyfis of the fait 
iprings of Kdnigfbom, which is a fait moun- 
tain extending from Paderborn to the Dutchy 
of Cleves, and into the bifhoprick of Munfler. 
The brine is found much ftronger the deeper 
it is drawn. That obtained at 50 feet from the 
furface contains only to 2 per cent of fait, 
at 80 feet it is 2j; and at 120 feet it rifes to 
3i 3 i P®** 

The method purfued by this excellent chemift 
in the analyfis of the brine, may be alfo fhortly 
mentioned as a diredion to me reader who 
may wifli to repeat the experiments. 

. 1. Fifty cubic inches of brine (each equal 
to 290 grs. of djftilled water) were evaporated 


to drynefs in a land heat, and the weight noted. 

2. The refidue was covered with alcohol and 
digelled in a moderate heat for 24 hours. 

3. The alcoholic folution was poured olF and 
evaporated to drynefs, and frefh alcohol poured 
on the refidue in order to rcdiflblve all the falts 
except the fmall portion of common fait which 
the nrfl: alcohol had taken up. The lad al- 
coholic folution was then evaporated to drynefs 
and the refidue weighed. 

4. The dry refidue from the laft alcoholic 
folution confided of muriat of lime and muriat 
of magnefia, and the weight of each was 
determined in the following manner: the refidue 
was diflblved in water, and the earth precipi- 
tated by carbonat of foda. This earth, well 
wafhed, was then combined \rith fulphuric acid 
to excefs, and after the mixture had dood a 
while in a warm place, the excefs of acid w:is 
abforbed by adding carbonat of lime. The 
folution was then evaporated confiderably (re- 
moving the fulphat of lime as it was formed ) 
and then expofed to exhalation in the open air, 
whereby the fulphat of magnefia was feparated 
in crydals. Thefe lad were colle£led, re- 
diflblved in water, decompofed by foda, and 
the magnefia faturated with muriatic acid and 
evaporated to drynefs. It was then pure muriat 
of magnefia brought to the date in which it 
exided in the dry refidue of the brine, and the 
weight of the muriated lime originally mixed 
with it was found by fubtrading the weight of 
the muriat of the magnefia from that of the 
entire alcoholic refidue. 

5. The dry fait remaining after the feparation 
of thefe earthy muriats was then diflblved in 
water and filtered. 

6. What was left on the filter confided of 
fulphat and carbonat of lime, and oxyd of iron. 
When weighed, it was treated with muriatic 
acid, and the fulphat of lime lef( on the filter. 
Ammonia was added to feparate the iron which 
was col levied and weighed. 

7. The clear folution of No. 5 might dill 
contain fulphat of lime; it was therefore boiled 
with carbonated foda, when a carbonated lime 
fell c^own. The foda added was then neutra- 
lized by muriatic acid; and muriat of barytes 
added, which gave a precipitate of fulphat 
of barytes, fliewing therefore the exiftence of 
fulphuric acid in the brine, which mud have 
been combined with the lime obtained by the 
foda. The quantity of fulphat of lime was 
inferred from the united weights of the car- 
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bonat of lime and the fulphat of barytes, and 
from the quantity of the latter alfo it was proved 
that no other fulphat cxifted than that of lime. 
The fame was alfo ihewn by the gradual folu- 
tion of the fait in a mixture of two parts of 
alcohol and one of water, for the fulphats will 
not fenlibly diilblve in tins mixture without 
heat. 

To (hew the precife efFe£l of graduation we 
ihall now give Klaproth’s analyfis of brine firft 
in ' its natural (late, and then through the 
fucccflivc ilages of concentration in the gradu- 
ating houfe. 

The natural brine was as follows : the fpecific 
gravity 1.024: 

The entire relidue from 50 cubic inches 
weighed 521 grs. which was compofed as. 
follows: 


Muriat of lime - - 


Magnefia - - 

i 

Carbonated, lime - - 

- n 

Carbonated oxyd of iron 

\ 

Sulphat of lime - - 

- *5 

Muriat of Soda - - - 

- 464 


Sai 


This brine was brought by the firft gradua<» 
tion to the fpecific gravity of 1.060. The 
refidue from 50 cubic inches now weighed 
1 285 grains, and confifted of 


Muriat of lime ------ 65 grs. 

— iVlagnefia - - - - i|. 

Carbonated lime with a little iron 
Siilphat of lime - . - . - 44 

Muriat of Soda - - - - - 1x70 


1285 


The lecond graduation brought the fpecific 
gravity to 1.076, and the refidue to 1615 grs* 
which was compofed of 


Muriat of lime - - - 82 grains 


— : Magnefia 

- 3 

Carbonate of lime 

- - 3 

Sulphat of lime 

- - 52 

Muriat of foda 

- 1710 


1850 


By comparing the above analyfes we may 
infer what muft be the effeA in graduation both 
in concentrating the brine and in freeing it from 
a part of its impurities, and what muft be thff^ 
compofition of the ftalaffitical incruftation on 
the laggots of the graduating hpufe. It would 
have been more accurate if the fucceflive changes 
produced in an individual brine had been noted, 
but in the falt-works here mentioned there 
appear to be a number of fprings all (lightly 
diftering from each other in the proportion of 
ingredients, the brine of which is mingled 
together before graduation. On the whole 
however it is obvious that the great lofs of the 
ingredients of the brine is in the carbonat of 
lime, for fince the entire refidue of a given 
quantity of the rough brine amounts to only 
521 grains, and the refidue of brine thrice gra- 
duated is 1850 grains, the proportion of each 
ingredient (were ‘there no lofsj (hould be ref- 
peftively upwards of 3I times as much in the 
graduated as in the rough brine. Thus the 
quantity of carbonat of lime (liould in the 
graduated brine be about 39 grains, whereas 
it is a£lual]y only 3. This lofs of carbonat of 
lime therefore (hould be found in the incrufta- 
tion of the graduating faggots, and accordingly 
this is the cafe; for oy analyfis 960 grains of 
this cruft contains no lefs than<^828 of carbonat 
of lime. The exaQ analyfis of this fubftance 
is as follows: 

Impure common faft - - 4 grains 

Sulphat of lime - - - 25 

Carbonated oxyd of iron - 92 

Carbonated lime - - - 828 
Moifture ----- i r 


Muriat of lime - - 7 75 grains 

^ — — — Magnefia - - 2 

Carbonat of lime - - 2 

Sulphat of lime* * 48 

Muriat of foda - - - 1487 

1615 

The third graduation gave a fpecific gravity 
of 1.086 and a refidue of 1850 grains com- 
pofed of 


960* 

The carbonated oxyd of iron alfo difappears 
from the brine during graduation, and is mund* 
in the incruftation. 

• When the brine is boiled down, what remains 
of the carbonat of lime in it is preeipitlted 
along with felenite and common fait, and forms 
that hard cruft which adheres fo firmly to the 
pan, and has been deferibed already under tkO' 
term pickings or pan^rateb*. 
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On^ pound of this analysed by Klaproth is 
compofed as follows: 

oz. 

Moiilure - - • - • i 

Muriated lime • - - — 

* — ' - Magneiia - - — 

■ ' ' - Soda - - - - 4 

Carbonat of lime • - - i 


Sand - - - 

Sulphat of lime 


- 7 


dr. gr« 
6 o 
I lO 
— lO 

4 40 
i 3,0 
30 

o 


» 16 o o 

The ^ater^ or liquor left in the fait 

pan after all the fait that it is thought proper to 
work ofF is taken out, is a very denfe bitter 
fluid. Its fpecific gravity is as high as i.aiS. 
Fifty cubic inches yielded by evaporation 5440 
grains of dry fait, compofed of 

.Muriated lime ----- 660 

— — Magnefia - - - 840 

Sulphat of lime - - - - 100 

Common fait - • - - - 3840 


5440 

It is remarkable that the muriated magnefia 
is here a fourth more than the muriated lime, 
whereas in the brine, both rough and graduated, 
it is not more than 7V or 7V of the muriated 
lime. Hence much of the latter muft be 
decompofed during the boiling, to which 
Klaproth attributes the ftrong fmell of muriatic 
acid perceivable when the evaporation is nearly 
compleated. 

A very full and accurate account of all the 
procefles employed in the large falt-works of 
Salins, Moyenric, and other orine fprings in 
Fratiche Comte in the South of France on the 
borders of Savoy, is given by Nicolas, who 
examined them on the Ipot.^ 

We (hall not tranferibe it at large to avoid 
repetition, the general method being that al- 
ready mentioned, viz. of concentrating the 
brine by graduation, then boiling down in iron 
pans. But fome varieties of pra£kice and other 
circumftances contained in this valuable me- 
moir are worth relating. 

The brine gives by analyfis the following 
ingredients. One French pound (of 16 oz. 
and 576 grs. to the ounce) contains of 

oz. grt.' 

- Muriat of foda - - 7 — 5^9 

Sulphat of lime « - 23 

Sulphat of foda - « 75 

Muriat of lime and magnefia 81 


Three kinds of fait are made at Salins, 
namely, large grained, fmall-grained, and loaf- 
falt. The common or fmall grained is that 
which is made at a boiling heat, continued to 
the laft. The large-grained is made in fmall 
pans placed contiguous to the boiling pans and 
fupplied by the fame fire, the flues ^ing con- 
tinued under them. The heat in thefe is but 
flow and the evaporation moderate, which al- 
lows the fait to form in larger cryftals. Tlie 
earthy-faline feum which forms during the 
boiling, is afterwards lixiviated to extraA the 
fait which it contains. The fchlot or pickings 
from the pans contains much Glauber’s fait 
which is alfo extrad^ed by hot water, and when . 
the folution is fo far concentrated that it would 
cryftallize by cooling, it is (lirred conftantly 
till cold, which makes the fait aflume a needled ' 
form like the common Epfom fait, and is fold 
as fuch. 

A very ingenious plan has been introduced 
here of applying the principle of evaporation 
by the atmofpherc, not only to the concentra- 
tion of the brine but to the a£bual cryftallization 
of the fait which it contains. For this purpofe**' 
the brine after common graduation on faggots, 
is heated in the pan till it begins to fait. It is 
then conveyed to another graduating houfe 
about 250 feet long, divided by party walls 
into fix arches. Thefe fupport troughs extend- 
ing the whole length of the building and .fur- 
nifhed with proper holes for the brine to fall 
down. The fpace under each arch is filled 
with forty rows of endlefs cords ft retched verti- 
cally on wooden frames, each of which contains 
25 double cords parallel to each other, and 
about three inches afunder. The whole build- 
ing contains 6000 of thefe double cords about 
3 or 4 lines in diameter, and about 30 feet 
long. The flooring of the building is made of 
fir planks well put togetlier, and gently flojping 
to one end to convey tlie brine as it falls, into 
a large refervoir from which it is again pumped 
up to the upper trough. The fide of the build- 
ing moft expofed to the weather is proteAed by 
a canvas. The hot brine as it palles from the 
boiler is fent into the upper trough and then 
falls down every one of the cords in a copious 
ftream, round which the fait gradually cryftal- 
lizes in a ftalaflitical form. When the cruft 
of fait forms a cylinder from 2 to 7 ,\ inches in, 
diameter it is taken ofF, and the procefs repeated. ’ 
Each operation produces from 3500 to 4000 
quintals of excellent fait, and requires about a 
month to be formed^ and as this work can only 


^ Atti. de Cbsas. tom. xL 
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be carried on in the height of fummer, the 
cords can be charged no more than twice or at 
the utmoft thrice in the year. 

The fait is broken by a kind of moveable 
flail fet in a frame in which each row of cords 
in placed in turn. 

The country of Saltzbourg on the borders of 
the Tyrol furnifhes a vaft fupply of fait, which 
is procured from a large fait mountain near the 
town of Hallein. No brine fprings are found 
here, which is a remarkable circum (lance, as in 
general the neighbourhood of rock fait abounds 
in water. The rock fait however is not work- 
ed out in mafs in this country, but an artificial 
brine is made in the following manner.^ A 
horizontal gallery is cut in the mountain through 
the middle of the rock fait, from 50 to 200 
fathoms in length, 5 feet high, and 4 wide. 
This gallery is fupported above and on the 
(ides by planking, and the opening is (liut up 
by an earthen wall. Freih water is then let in 
from fprings colleAed on the upper part of the 
mountain, till the whole gallery is filled. In 
,^wo or three weeks the water by refting on the 
fait has acquired 22 per cent, of faltnefs, after 
which it is drawn ofF and boiled down as ufuaU 
This procefs is then repeated as often as ne- 
ceflary, till by degrees the galleries by the 
gradual folution of the (ides and floor enlarge 
into vaft caverns. The roof never' enlarges, 
which is rather a (ingular circumftance. 

The fea is an inexhauftible fource of fait, and 
vaft quantities of it are made from fea-water 
in different countries. Sea-water is but a weak 
brine, the folid contents of which vary in diffe- 
rent parts of the world. In the Baltic it is not 
more than in the Britifh Channel about yVt 
and taken at a great depth near the Equator, it 
is about in which (late its fpecific mvity is 
1.0289, according to Bergman, who nas ana- 
lyfed it. By the experiments of this excellent 
chemift it appears that an Englifh wine pint of 
this fea-water (of 28.875 cubic inches) contained 

grains. 

Of Muriated foda - 241 
— Muriated magnefia 65.5 
— Siilphat of lime - 8 . 


3 ^ 4-5 

A fmall portion of carbonated magnefia alfo 
feparates during the evaporation. 

Sea-water therefore contains a very large 
proportion of other faline matters befides com- 
mon fait, more Co than the common brine fprings. 


and this being chiefly muriated magnefia, the 
fait procured from fea-water is apt to be bitter 
and iubjc£l to deliquefccnce unlefs a good deal 
of pains be taken in the. boiling, or unlefs the 
evaporation be conduflcd very flowly. There 
are feveral ways of getting the fait by fea-water : 
in warm climates this is done altogether by the 
heat of the atmofphere, and this forms the large- 
grained ftrong dry fait called bay falt^ which is 
preferred to any other for curing provifions that 
are intended to keep for a length of time. Bay 
fait is made in great perfe£lion in Spain ancT 
Portugal, by the Bifeayans, and on the Medi- 
terranean (hores of France, and in the Bahama 
iflands in the Weft Indies. The procefs is (imple 
and requires but little apparatus of any kind. 
The firft requifite is a fea marlh, or (hallow 
artificial pond, near enough to the fea to ?be 
filled at high water. A level fliore mud there- 
fore be chofen, and the foil muft be clayey to 
retain the water. The bottom of the pond is 
then laid out perfe£lly even, and beaten hard 
and fmooth, and a channel with flood-gates is 
cut to the fea. The fait pools confift always 
of a large refervoir communicating direflly with* 
the fea at one end, and at the other with a num- 
ber of fmaller pits or beds on which the fait is 
made. The water is firft evaporated by the 
fun’s heat conlidcrably in the refervoir, and then 
conveyed to the falt-beds, which are only a few 
inches deep, and in which the evaporation is 
compleated alfe by the fun and wind, and the 
fait feparates firft in the form of a white cruft 
which is broken from time to time to expofe a 
fre(h furface to the air. The concentrated brine 
yields fait about twice and fometimes thrice a 
week in fummer. The firft Ibline cruft that 
forms is fmall-grained, the latter large. Bay 
fait has generally a little tinge of colour, green 
or brown, according to the foil on which it is 
formed. It is only made in the fummer months. 

Another way of making fait from fea-water, 
and which is pradlifed much on the French and 
other coafts of temperate climates, is partly by 
the atmofpherical evaporation and partly by 
boiling, for the fummers are not hot enough in 
this climate to make fait by mere expofure of 
brine to the air. The general mode of proceeding 
is that already mentioned, that is* to fay, the 
fea-water is expofed during the fummer in (hal- 
low artificial pools, where it becomes hig{ily 
concentrated, and this is afterwards boiled down 
in iron pans in the ufual mode. This way is 
adopted largely in Scotland, and in a few part» 
of England, particularly at Lymington. The. 


^ jQural. dcf Mines, Ns. 76. 
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mother w.'iter that remains after moft of the fait 
has been extrafted, contains much niuriat of 
magiielia, and this is advantageously converted 
into the fnlphat of magneftay as will be mentioned 
under that article. 

There is ftill another method of extraftiiig the 
fait from fea- water, which is by colle£ting the 
fand that has been repeatedly moillened by the 
fea-water and dried, and lixiviating it in refer- 
voirs, where it forms a very ftrong brine, which 
is then boiled down as ufual. This way is 
much praftifed on the weftern coaft of France, 
particularly in Lower Normandy, and at the ifles 
of Oleroa and Rhe. ^ 

The fpot being chofen (which (hould be on a 
level fliore with a clean fand) the neceflary 
biiildings-are erefled namely, evaporating pans, 
ilorc-houfes, covered ilieds, &c. and an area 
of three or four acres is fele£);ed a little below 
the level of the fpring tides and above the neap. 
The furface is carefully levelled by the plough, 
and rolled fmooth and hard. It is then filled 
to the heighth of feveral inches with fand taken 
from the edge of the fea at low water, and the 
fand is alfo drenched with fea-water as the tide 
flows in. It then lies expofed to the fun and 
wind, which foon diilipate the fuperfluous 
water, and the furface of the fand appears co- 
vered with a white clHorefcence. It is then 
turned over frequently with a kind of (hovel, 
changing the furface feveral times a day till the 
whole is thoroughly dry. This faline fand is 
then carried to the Iheds, and the prbeefs re- 
peated with frelh fand till a large quantity is 
colleded, which generally employes the whole 
fummer. To make the fait, the dry fand is 
taken out of th% fheds and thrown into fmall 
round pits about 2| feet in diameter, and 12 
inches deep, the bottoms of which are lined 
with hard rammed clay mixed with chopped 
draw, to prevent the water from oozing through. 
The fand is then covered with fea-water, or 
with the weaker ley of former operations, and 
after (landing fome hours is drawn off into 
refervoirs or barrels, whence the evaporating 

{ >ans are immediately fupplied. 7 'he fand is 
ixiyiated a fecond time, and this ley is referved 
for a frefli portion of fand. The boilers are of 
lead, about 3I feet fquarc, and 4 or 6 inches 
deep. They are heated with wood of any kind, 
dr^metimes with reeds, and a boiler of this 
kmd is worked olF in from two to three hours. 
The fait is raked out as it forms, and drained in 
hollow cones, as in other places. Three pans of 
jdiis dimenfion yield together about 5olb8. of fait. 


The fait procured in tins way is white and 
fmall grained, but it is very 'apt to be damp, 
and is a weak-bodied fait little lil for preferving 
animal food for any length of time. 

In fome northern countries fome advantage 
is made of the efle£l of cold in concentrating 
brine, by freezing at firft only the more watery 
part, of courfe leaving the unfrozen part pro- 
portionably richer in fait. The winters of this 
countiy are not cold enough in general for this 
purpo(e, but it is ufed occafionally on the Baltic 
coafts. The cold however mull not be too 
intenfe, otherwife the brine itfelf freezes. Fro- 
zen fait water is not in hard folid mafles like 
frefli water, but it is foft and crumbly or rotten. 
The efficacy of this method of concentrating 
brine is very condderablc. 

Though much of the French fca-falt is very 
indifferent, the Dutch refine it into a very ex- 
cellent fait, which is ufed in pickling the her- 
rings for which this nation is lo juftly famous, 
and which trade is under the ftriftefl itifpeOion 
as to the goodnefs of the fait, and the care to 
be taken in every Ilep of the bufinefs. It is not 
precifely known whether the Dutch do any 
thing more than boil the fait again and evaporate 
(lowly, except that it is the conftant cuflom 
when the brine begins to fait, to add a fmall 
quantity of very four whey, which is found by 
experience to be a very important addition. 

# # « # 

It has been fuppofed by fome eminent obfer- 
vers that when a confiderable depth of brine 
not faturated, remains at reft for a time, there 
is a gradual but invifible fubfidence of the fait, 
fo that the lower part of the column of brine 
will be fenfibly falter than the upper. Td this 
has been attributed the increafe of faltnefs in 
the fea, in proportion to the depth whence the 
water is taken. With regard to land brinc- 
fprings, it is indeed certain that the deepeft arc 
ufually much the falteft, but this may be readily 
accounted fqr from the conftant infiltration of 
frelh water which almoft always lies above the 
fait ^rock, and fometimes in vaft quantity. 
Hence it is neceflary in moft places (as 111 
Chefliirc for example) to line the fides of the 
brine well with very ftrong planking, and even 
this cannot entirely keep out the fre(h water, 
which always finds fome way in. 

But an experiment of Haller (hews that there 
is adually a fubfidence of fait, br at lead fome- 
thing takes place which produces a fimilar 
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cfTecl:. For this purpofe he made and fixed up 
vertically a lube of tinned iron, feet high, and 
filled it with brine containing 12 per cent, of 
fait, and clofcd the top. In two months it was 
opened^ Fifteen inches of liquid had oozed out, 
the brine at the furface (or 15 inches below the 
level when put in ) gave only 9 } per cent, of lalt, 
at 1 1 feet lower it was nearly the fame, but at 
the bottom, or 33 feet, it gave icj percent. 
This difleretice however is too ftnall to promife 
any aervantage in concentrating weak brines by 
mere fublidencc. 

The fame excellent obferver has given a feries 
of accurate obfcrvatlons on the fpontancoiis 
evaporation of brine expofed to the weather in 
fummer in refervoirs of a given dimenfion, at 
Aigle in the canton of Berne. ** Though a moun- 
tainous country the climate is here warm enough 
for the vine and pomegranate. The heat in 
the middle of fummer rifes from 140® to 144*^ 
in the fun. To contain the brine a refervoir 
was made of tlie coarfc marble of the country, 
the joints of which were lined with afphal- 
tum to prevent leakage. This refervoir was 
covered with a light moveable roof, which was 
put up only in rainy weather* Another refer- 
voir was alfo made of wood, but it is found that 
the foundeft timber will not entirely Hand the 
preflure of a column of fait water except of 
a few inches, for after a time the brine oozes 
tlirough, and covers the outfule with a ftalafti- 
tical faline cruft. The particulars of thefe ex- 
periments which were carried on with great 
iirtcntion for fcveral years, need not be related 
at large, as they are calculated for a climate 
very different from ours. In general it may be 
obferved that the utmoft exhalation for a finglc 
day in fummer, was found to be 3 lines or 

of an inch. Scarcely any thing exhaled in 
the winter months. From 0 £lober to February 
(4 months) the entire exhalation was only 10 
lines. In March, the average exhalation for 
the whole month was 15 lines; in April 35; 
in May 48 ; in June 44 ; in July 47 ; in Auguft 
35 ; in September 25, and in 0 £lober 15. The 
mean exhalation from March to 061 :ober there- 
fore, was 261 lines, or 2ii inches. Thefe 
numbers however do not give accurately the 
relative exhaling power in the difierent months, 
for the brine as it becomes more and more con- 
denfed, parts with its water with much more 
difficulty, and the above experiments only give 
the continued lofs by exhalation of the fame 
Jbrine for many months confecutively. 

The quantity of fait yielded by fpontaneous 


exhalation is nearly equal to that produced in 
oxperinients in the fmall way on a few pounds 
ot brine, which is far from being the cafe in 
a<^l:ual manufaflurc. The fait obtained thus 
gnulua!ly is liirge-grained, of an opake white, 
very hard and foinewhat inclined to dampnefs, 
and not very readily foluble. The common fait 
on tlic otlier hand is femi-tr'anfparcnf, fofter, 
and more readily foluble. 

During the evaporation of brine in a boiling 
heat the vapour that rifes is fenfibly faline, and 
gives a faltifii impregnation to vi ood and othe^ 
porous matter which it meets with. It has 
been alferted that part of the acid alfo Is fepa- 
rated in this heat and volatilized, leaving the 
fait therefore with a greater proportion of alkali, 
and to this has been attributed the inferior power 
of the fmall-grained fait in preferving provifions. 

Though the inferiority be undoubted it does 
not appear that any very accurate experiments 
have been made on the relative quantities of acid 
in the large and fmall-grained fait, this hypothefis 
therefore is altogether doubtful. Neither docs 
the large-grained fait owe its fuperior ftrength 
to any fuperior purity or freedom from the deli- 
quefceiit earthy muriats, for the fine J^ondon 
balket fait is fomewhat purer than the beft 
Portugal bay fait, though the quantity of earthy 
matter in each is fcarccly notable. On the 
whole it is more probable that the hardnefs of 
texture and flow folubility in water of bay or 
fiflung fait (which it owes to the flownefs of 
cryftallization) is the chief caufe of its fuperior 
efficacy. / 

Methods of procuring Soda by dccompoftion of 
Common Salt. 

Muriat of foda being the rioft abundant of 
the neutral falts, and its alkaline bafe bearing 
for the moft part a higher price in the market 
than potafli, has been fubjedicd to a vaft variety 
of procefles both on a fmall and l«*irge fcale, 
with more or lefs perfedl fuccefs, for the pur*, 
pofe of eflefling its decompofition, fo as to ob- 
tain the alkali feparate, or at lead only combined 
with carbonic acid. Thefe difierent methods 
naturally divide themfelves into two clafies, the 
fir ft containing thofe that aim at the immediate 
extraftion of the alkali, and the fecond thofe 
that feek the fame end, but by more complex 
means. Under the firft clafs will be deferibed 
the decompofition of fait by lime, by iron, by 
oxyd of lead, and by potafii ; under the 
clafs will be mentioned the dl/Ferent methods of 
dccompofing fait after it has been prevxoufly 
converted into fulphat of foda. 


^ Mem de I'Acad. for 1764. 
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It was Scheele • who firft difcovercd in con- by offering a fupport on which it may concrete 
tradi6f;ion to tlie eflablifhed laws of cJjcmical and efcape the re-action of tlie muriated lime : 

affinitys that muriat of foda might be decom- this method is indeed confideiably lefs expedi- 

• pofed by means either of iron or tjuiek-lime in tious than that difeovered by Scheele, yet it 
ah atniofphere ccnfiderably cliargcd with car- feems to be the very mode employed by Nature 

i bonic.acid. Thus if a plate of iron is dipped at the Natron lakes of Egypt, as Ccrthollct has 

‘ , in a faturated folution of common fait, aiul then fliewn in a very interclUng report on ihisfuhjeil:,'^ 

hung up in a cellar, a docompofilion of the fait Of the three modes ot* decompoling muriat of 
will be found to have taken place in the courfc foda mentioned above, that by means of quiek- 
of. a few days ; tlie furfacc of the iron vidil be Hme is the only one that has been attempted on a 
' iludded with drops of a yellow liquor, confiding large fcalo, but though fuperin;ended by fo able 
JfoT the moll part of muriat of iron, while the a chcmlil; as Alorvcaii'* it docs not appear to 
foda liberated from the muriatic and combined have been attended vidth fiifnclcnt advantage to 
with the carbonic acid, will have afiiimed the ap- countcrbalanee the expence of lime and fuel, 

* pearance of fmall fpicular cryftals riling from the 'I ho procefs' employed dillercd in no refpert 
lurface of thofe parts of the plate that are not from tli it of Scheele, except that the mixtur<‘ 
occupied by the muriated iron. So in like after it had ccafed to yield any more foda w^as 
manner if quick-lime be formed into a pafle rc-calcined and again treated with a folution of 
with, a ftroiig brine of common fait, and the common fait. It has been propofed as an im- 
mixture be placed in a cellar for fonio days, proveinent of this prt^eufs, to mix with the lime 
the furfacc of the lime will be covered with a and fait a finheienr i]uantity of clean fand to 
light down of fiender cryltals of carbonated convert it into nio. tar, and then to line cellars 
foda; thefe being removed they will be fuc- or other excavations with it, in ortler to expole 
cecded by a fecond fimilar cfflorefcetice, and a larger furface to tlie action of the air. There 
the fecond by a third. The decoinj^ofition in is no doubt tliat the yield of carbonated foda 
both thefe cafes is attributed by Sclieele, and would thus be greatly augment<?d, atul it is not 
apparently with great reafon, to the efHorefeent improbable where natural or artificial oxcava- 
quality of carbonat of foda, which readily dif- tions could be convenicmtly obtained, that the 
pofes it to rife from the furface where it is iucrcafed product W'ould more than equal the 
generated in fpicular cryllals, and thus feparate additional expence. 

itfelf from the muriat of iron or lime by which The polfibility of decompofing common fait 
it would be ^ain decoinpofed. Tliis explana- by means of litharge or any other of the oxyds 
tion of the fa^ derives additional force from the' of lead, was firfl afeerrained by Mr. Turner, 
circumftancc that muriat of potalli is not decom- who obtained a patent for the difeovery in the 
pofable either by lime or iron, probably becaufe year 1780. His procefs is the following:*^ 
carbonat of potafii, not being an efHorefeent fait. To ten parts of any of the oxyds of lead add five 
is unable to fepa/ate itfelf from the reft of the parts of muriated foda, previoully difiblvod in 
i mafs. Vauquelin** feems difpofetl to attribute water; grind the whole together till the Jitliarge 
\ the decompofition of common fait by lime, to becomes aJmoll: impalpable, and then let the 
the formation of an Infoluble muriat of lime mixture fhintl for twenty-four hours, in winch 
with excels of bafe, but this appears to be dif- time the lead will appear of a white colour: 
proved by an obfervation of Scheele, that if the the mafs, wdiich will have acqnirctl a tolerably 
refiduum after the efHorefeent fait has been col- folid confiftence, miifl: now be broken down in 
Jefted be lixiviated, and the cxccfs of lime in M^atcr and be well wMfhcd ; the liquor will con- 
the folution be got rid of by means of carbonic tain the alkali of tlie fait, and the white infoluble 
acid, the remaining clear liquor will furnilh an refidue confifls of the litharge combined witli 
abundant precipitate of carbonated lime on the muriatic acid, 'riiis refidue after being care- 
addition of the efflorefeed carbonat of foda, fully, lixiviated and dried, if cxpofeil on a mufHe 
thus fliewing that the folution contains muriat or in any other fuitable way to a calcining heat, 
of lime iti its ordinary ftate. Bcrthollet has acc,uires a yellow colour, varying in tint accord- 
fhewn that even carbonat of lime, when in ing to the temperature ; this yellow muriat when 
excefs. Is capable of decompofing muriat ground up with oil and varnifli in the ufual 
of foda, more efpecially if flraws or any other manner, forms a pigment known by the name 
fimilar fubflances arc ftuck upright into the ol patent yellow^ and very extenfively employed 
xnafs, to aflifl; the efflorefeent power of the foda, in coach-painting. 

" • EiTays, p. 55. ^ Ann. Chexn. xxxi. p. 10. « Mem. dc TTnAit. dc Caiio. * Ann.Cliini. xlx p. 102. 

• Repertory xiL p. ijy. 
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A folution of miirlated lead is readily decoin- 
pofable by foda^ either caullic or caroonated ; 
the explanation therefore of this feeming ano* 
nialy ox\ which Mr. Turner's patent was found- 
ed, became an important chemical problem, 
and has exercifed the abilities of Kirwan, Haf- 
fenfratz, Derthollet, Vauquelin, and others. 
By the experiments of the laft of thefe able 
.chemiils the difficulties have been cleared up, 
and the apparent contradi£lion has been recon- 
ciled to the general laws of chemical aifinitics.^ 
He mixed together, by grinding in a mortar, 
feven parts of litharge and one of^muriated foda, 
adding as much water as brought the whole to 
the confillence of thin paflc ; it was then ftirred 
for fevcral hours to facilitate the mutual a£lion 
of the ingredients. By degrees the colour of 
the litharge became paler, its volume incrcafed 
very coniiderably, and feveral additions of 
water were required to prevent it from form- 
ing a folid mats : at the end of four days the 
chemical change appeared to be compleat, the 
litharge having acquired a white colour, the 
mixture was accordingly diluted with feven or 
eight parts of water and filtered. The clear 
liquor had an alkaline flavour, and when reduced 
by evaporation to yV of its bulk, afforded cry- 
itals of carbonated foda mixed with a little mu« 
riat of lead, and the common fait was intirely 
decompofed. The refidue on the filter when 
well waflied and dried, was of a dirty yellow 
jsolfmr, and exceeded in weight the litharge 
employed by about ^ ; by a gentle calcining 
heat its colour was changed to a fine lemon 
yellow, and its weight was diminiflied by about 
a. 5 per cent. In pure water even when boiling 
it is fcarcely foluble \ but by digeftion with 
cauftic foda a confiderablc portion was taken 
up, and the refidue aflumed a dirty white 
colour, and was changed from a pulverulent 
confidence to that of needle- form crydals^ 
The foda folution was but little different in 
tade from the pure alkali, but gave a very 
abundant black precipitate with hydrofulphuret 
of foda, a white precipitate with muriatic acid, 
and alfo with nitric acid^ but this lad was re- 
folublc in an excefs of acid. If the yellow 
refidue was treated with dilute nitric acid in- 
dead of foda, there remained an infolublc 
portion of a white colour and crydalline texture, 
and the nitrous folution depofited by gentle 
evaporation crydals of nitrat and muriat of 
lead. 

From thefe fa£ls it appears that litharge by 
^he decompofition of common fait, is converted 

' Aon. Chem. xzxi. p. z. 


into a fub-muriat, or muriat with excefs of 
bafe, aivl therefore differing very materially 
from the common muriat ; that this fait though 
foluble in caudic foda is not decompofable by 
it ; and that the efficient caufc of the decompo- 
fitioii of common fait by litharge is the property 
of muriated lead to combine with an excefs of 
bafe, by which the affinity of the acid for the 
alkali is countera£led ; that the yellow colour 
which this fub-muriat acquires by Doing heated, 
is occafioned by the excefs of oafe, fince the 
common muriat exhibits no fuch charafter ; 
that to this excefs is alfo owing the infolubilit]^ 
of this fubdance in water ; and finally that by 
the addition of nitric acid the fub-muriat is 
decompofed, being itfelf converted into muriat, 
and yielding its excefs of oxyd to the nitric 
acid . 

In confirmation of the opinion that the ojey^ 
of lead decompofes common fait only in cuiife- 
quence of its being converted into a fub-muriat, 
it may further be remarked, that the white pre- 
cipitate depofited by the aAion of caudic foda 
on the foluble muriat is not a fimpic oxyd as 
has been generally fuppofed, but a fub-muriat, 
exactly fimilar to that which wc have been 
defcribitig. 

It has been fuppofed by fome chemids that 
the carbonic acid which litharge and mod of 
the other oxyds of lead contain, has a confidera- 
ble ffiare in effefting the decompofition of muriat 
of foda, this however has been denied by other 
chemids, and particularly by Vauquelin, who 
affirms that carbonat of lead and muriat of foda 
have abfolutely no aflion whatever on each 
other. This being the cafe it follows that li- 
tharge, minium, &c. are the worfe calculated 
for decompofing common fait i‘ii exaft propor- 
tion to the carbonic acid which they contain : 
hence arifes the propriety of mixing quick-lime 
with the litharge, in order to abforb its carbonic 
acid, and thus expedite its adlion. By availing 
himfelf of this addition M. Curadeau^ found 
that 3opart$ of litharge and 4 of quick-lime, were 
able to effe£k a total decompofition of 10 parts 
of muriated foda. But even with this improve- 
ment and with every attention to economy, it 
does not appear that this method of feparating 
the foda from fea-f^lt can be attended with 
much profit on a large fcale : the demand for 
the yellow fub-muriat is very limited, and the 
white fub-muriat although its colour is very 
good, is not poffbffed of folidity enough w^efi^ 
ground up with oil to be employed as a fubflU 
tute for common white lead : it would there- 

t Ann. Chem. xlv. p. 15, 
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fore be rieceffary in a large cftablifliment to re- 
duce moll of me fub-muriat to the ftatc of 
metallic lead, at a conliderable expcncc of fuel 
and labour, and of Jofs by volatilization, See, 
and then by a fecond procofs to re-calcine the 
lead before it could be brought again into fer- 
vice. 

Another method propofed for the decompo- 
fition of common fait, and v/hich Iccms to. have 
attra£led condderablc notice among the German 
chemills, is founded on the fuperior alfinity of 
jTotalh over foda, for muriatic acid ; if there- 
fore to a folution of common fait there be 
^ added a fuflicient quantity of potalli, cither 
cauilic or carbonated, an exchange of bafes 
will take place, and the fluid wdll yield by 
evaporation and cryllallization carbonated foda 
aViLjTJuriated potalli. But this mode of pro- 
ceedThg is by no means fo eafy and limplc in 
pradlice as m theory, as may be fecn in a 
memoir on the fubjc£l by Wollrumb,*‘ from 
which the following account is extrafted. 

I^iflblve zolbs of common fait in 30 Quarts 
of water, and add to the folution 25 Il>s of 
purified potafh or pearlalh, then evaporate the 
liquor till three or fotir llrong pellicles have 
formed in fucceflion on its furface, each in turn 
being broken down by any convenient inllru- 
ment : the liquor being now transferred into 
another vcflel,* is to be kept at the temperature 
of about 60® Fahr. as long as it dcpofits any 
cryflals. The fait thus formed is a mixture of 
muriat and fulphat of potalli (the latter pre-ex- 
id ing in the potafh) which may Be feparated 
from the liquor by pafliiig it through a filter 
made of flannel. The filtered folution after 
flandiiig about hour longer, will depofit 
more muriat of potafli, mixed however with 
carbonated foda. Thefe falts being removed 
and the refidual liquor being placed in a cellar 
or any other place fufficiently cold, will yield 
a copious depofit of cryflallizcd carbonated foda. 

. The fupernatant liquor being again treated as at 
t firft, affords a fccond crop of muriated potafli, 
f and afterwards by refrigeration, of carbonated 
f foda : anjd thefe two procefles are repeated in 
fucceflion till the mother water refiifes to yield 
any more fait. The different parcels of muri- 
ated potafh are now to be mixed, and diflblved 
. in boiling water, "which is afterwards to be 
eva^rated to one half, during which a confide- 
depofit of muriated potafli will take place : 
' the fupernatant liquor being transferred to ano- 
ther veflel and expofed to the cold will depofit 
^ confiderable part of the carbonated foda which 


it contains s a fecond evaporation and cooling 
will feparate a further portion of the fame, after 
which it is not worth while to purfuc die pro- 
cefs any further. Tlie carbonated alkali thus 
obtained is to be mixed with the reft and the 
whole diflblved in an equal weight of water ; 
the folution by cooling dcpofits a large quantity 
of carbonated foda in a ftate of confiderabK: 
purity ; the remaining liquor being evaporatoil 
will generally yield more or lefs of muriated 
potafh while it cools, and then by expofure to 
a low temperature a fecond crop of carbonated 
foda may be obtained : by again repeating on 
the rcrnaiiuler the procefles of evaporation and 
cooling a fecond crop of muriated potafh and a 
third of carbonated foda are procured ; but this 
laft being conlidcrably lefs pure than the two 
preceding crops of carbonated alkali, is to be 
kept apart. 

All the preceding operations are compleated 
in 12 or 14 days, and the average produce 
is 20 lbs of pure cryftallized and 2 \ lbs of 
impure cryftaliizcd carbonat of foda. Thc 
amount of muriat of potafli is not mentioned 
by Mr. Wcllrumb. If the above is a tnn? 
reprefenlatioii of the mode of carryiiig on the 
dccompofition, and of the amount of produce 
obtained (which there feems no rcafonable caufe 
to doubt) it is obvious that it can only be per- 
formed with profit in countries far remote from 
communication with the fen, where potafli and 
common fait are very abundant and labour 
extremely clieap : it is alfo manifeft that when 
carried on in the large way the feparatlon of 
the foda from the other ingredients iniift be 
even more difficult than is reprcTented by M- 
Wcflrunib, on account of the great accumula- 
tion of mother water ; and after all that can be 
done by cryftallizatioii and evaporation, by far 
the greater part of the foda will be loft. Com- 
mon fait contains 53 prr cent, of alkali ; and 
carboiiatctl foda in cryflals contains 22 per cent, 
of the fame, whence it appears from Mr. Weft- 
rumb’s own proportions that no more than 21 1: 
lbs of carbon atcil foda are obtained from mate- 
rials that contain 48 lbs. 

But the moft eligible methods of obtaining 
the alkali from common fait are thole by which 
it is firft converted i»ito Glauber’s fait previoufly 
to the extra<flion of the foda. It will be pro- 
per- therefore firft to confider the various fources 
from which fulphat of foda may be obtained 
by the dccompofition of fca fait. 

It is produced in the moft economical manner 
as a refidue in various chemical manufa^lures^ 


^ Journ. dc Phyf. p- 195. 
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fuch as the preparation of fal ammoniac^ of 
muriatic acid, and of oxymuriatic acid for the 
bleachcrics. In fituations however where thefe 
rehducs are not to be obtained, it muft be 
prepared by the dire£l decompolition of muriated 
loda : the two clieapefl: methods of effefting this 
appear to be by means of gypfum and of iron 
pyrites. 

The firft of thefe is carried on in the follow- 
ing manner. Take any quantity of calcined 
gypfum and I- of its weight of common fait; 
mix them accurately by grinding, or in any 
other convenient way, then add to the powder 
a fulHcicnt quantity of water and make it up 
into balls three or four inches in diameter. 
When thefe balls are dry, let them be calcined 
for five or fix hours in a reverberatory furnace, 
then break them dAwn into pieces no larger 
than a hazle nut, and lixiviate them with cold 
or warm water: the liquor when boiled to a 
pellicle affords by cooling cryftals of Glauber’s 
fait. 

'The fccond method, or that by means of 
pyrites is thus accompliflied. Take loolbs. of 
common pyrites and reduce it to line powder, 
then add 40 lbs. of common fait; mix the two 
ingredients well together and expofc the mafs 
for 60 hours to a roafting temperature; a copious 
difcngagenient of muriatic and fulphurcous acids 
.will take place, and the mafs will ftill continue 
pulverulent, but of a brownilh red colour, 
and reduced in weight to 107^ lbs. 

Being now lixiviated and the liquor boiled 
clown to a proper coiifillence, there will be 
depofited about 45 lbs, of cryflallized fulphat 
of foda, and the mother water evaporated to 
drynefs will leave between 8 and 9 lbs. of a 
faline mafs confiding of fiilpliat of foda, muriat 
of iron, and a little uiidecompofcd common fait. 
The infolubic refidue confilts of fulphuret of 
iron with excefs of oxyd, weighing 67 f lbs. in 
a highly favourable date for vitriolization. 

A confiderably greater cjuantity however of ' 
fait can be decompofed by a given weight of 
pyrites if there be added to the mixture either 
charcoal, pitcoal, or peat, but efpecially the 
lattc!'. r*or this purpofe 100 lbs. of pulverized 
pyrites and 3C0 lbs. of dried peat being well 
mixed together, 65 lbs. of fait diflblved in 
water are to be added, and the whole mafs 
after being carefully tempered is to be made up 
i!ito balls. Thefe balls when dry are to be 
placed in a reverberatory furnace with a little 
iWI jud :o kindle them, after which they will 
burn of thcmfelves; the combudion is to be 
^ ^tllcticr Mem. dc Chm* 11* 


kept up as gentle as pofllble till the incitiertitioit 
is compleat, 'and then the aihes being lixiviated 
and the liquor boiled down in the ufual manner^ 
there will be procured 70 lbs. of cryftallized* 
fulphat of foda, and 17 Ids. of dry fait, confift* 
ing of muriat of iron ^nd fulphat of foda, from 
evaporating the mother water. 

The fulphat of foda whether obtained from 
the fources above pointed out or from any other, 
may be decompofed fo as to afford its alkali in 
a feparate date by either of the two following, 
methods, the fuccefs of which has been proved 
by experiments on a very large fcale. 

I . Decomp^ttiGH of Glauber* s fait by the catnbtncd 
aEllon of chalk and charcoal. 

Take 1000 lbs. of calcined Glauber's fait and- 
550 lbs. of charcoal, and mix the two ingredients 
accurately together by grinding; when the njiixii- 
turc appears compleat add by degrees looojirs. of 
wafhed chalk, and continue the grinding till 
this alfo is * mixed with the other materials. 
Now let a reverberatory furnace be lighted, 
and as foon as it is red hot' let it be charged 
with 4 or 500 lbs. (more or lefs according to 
the fize of the furnace) of the above mixture, 
and clofe the door. During the firft part of 
the procefs, while the materials are yet pulveru- 
lent the flame muft be kept as gentle as pofllble 
left it flioiilcl carry part of tlie powder up the 
chimney; but as foon as the matter begins to 
clot the flame may be increafed. At this time 
the mafs muft be carefully worked about with 
an iron rake in order to expofe frefh furfaces to 
the a<^ion of the flame. When the whole has 
acquired a pafty confiftcncc jets of inflamed 
fulphuretted hydrogen will be perceived to ifluc 
from every part, accompanied": by a moderate 
but very perceptible explofion and eftervefcence; 
and during the whole of this ftage of the 
procefs the rake muft be ufed very vigoroufly 
in order to expedite the difengagement of the 
gas. When the jets of flame ceafe, and the 
matter becomes nearly fluid the rake may be 
withdrawn, and a bar of cold iron is to be 
introduced from time to time in order to judge 
of the progrefs of the operation by the fample 
that adheres to the end of it: if this cracks as 
it grows cold and prefents an uniform granular 
texture the heat has been continued long enough, 
and the matter muft then be fpeedily withdrawn, 
left it fliould be fritted by the further a£l:ion of 
the fire. The flame being accordingly tui^A.^ , 
off for a few minutes, the raafs returns to a 
pafty confiftence and is withdrawn from the 
furnace by means of the rake* As foon as it 
p. apt, sr Am de Chem. six* 
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feccomes folld by cooling, It is to be broken into 
moderate fized pieces and kept for fonie days 
in a damp cellar, where it imbibes a confider- 
ablc quantity of water and carbonic acid, fall? to 
powder and at the fame time parts almofl: 
entirely with the fulphuretted hydrogen to 
which its hepatic fmell and flavour when recent 
are owing. It may now be brought to market, 
without any further preparation, or the alkaline 
part may be extradetl and fold fcparatcly. 

In order to feparate the alkaline from the 
^barthy part lixiviation with cold water mu ft be 
had recourfe to: the clear liquor by evaporation 
to a pellicle and fubfequent cooling, depofits 
cryftals of carbonated foda, and the mother 
water, confifting chiefly of femicauftic foda, miift 
be boiled down to drynefs and afterwards cal- 
cined till it is as white as pcarlafli, in which 
ftat^t is well fitted for the glafs makers. 

500 lbs. of raw materials treated as above 
deicribed afford 276 lbs. of rough foda, of 
which 100 lbs. yield by lixiviation 37 lbs. 8 oz. 
of cryftallized carbonat, and 23 lbs. 2 oz. of 
dry femicauftic foda, with a fmall admixture of 
fulphuret of lime and of other falts accidentally 
contained in the original fulphat. 

2. Dccompofition of Glaubef^s fait by means of 
iron and charcoal. 
lbs. 

^Take 200 Calcined Glauber’s fait 
40 Powdered charcoal 
65 Clippings of iron plate or old iron 
22 Charcoal in the ftate of fmall coal 

327 lbs. 

Having mixcSl the fulphat of foda with the 
powdered charcoal, let it be introduced into 
the reverberatory furnace and treated for the 
firft hour exadlly as deferibed in the foregoing 
procefs: then bring the mixture to complcat 
fufion and add 40 lbs. of the clippings, flirring 
the materials well at the fame time with an iron 
Take in order to mix them more complcatly. 
In a fhort time after, the matter which was 
at firft quite fluid will become pafty, accompa- 
nied with much foaniing and boiling till the 
clippings are diffolvcd: as foon as this takes 
place, 16 lbs. of fmall coal muft be ftirred in, 
which will immediately excite tlic difengage- 
ment of fulphuretted hydrogen mentioned in 
235^^ former procefs. When this appearance 
begins to flacken, the remaining 25 lbs. of 
clippings and 6 lbs of fmall coal arc to be added 
in fuccellion, and the ftirring is to be diligently 
'eontinued till the jets of inflamed gas almoft 


ceafe: when this happens, the matter ft 111 fluid 
is to be run into mouuls of faiid where it 
foHdifics. 

The rough foda thus prepared weiglis 215 ll^s. 
is of a blackiih brown colour which beconu-s 
ftill darker by the conlatl of the air : when 
broken it has a kind of metallic luflre and a 
clofe ftriated texture. To the talle it is caulllc 
and hepatic: by expofure to a moift attnofphcre 
it becomes covered with a yellow cfflorefcence, 
and quickly falls to powder with a conlulerable 
difengagement of heat and fulphuretted hyili\»- 
genj at the fame time it ablbrbs carbonic acid 
and water fo as to incrcafc in weight by an 
expofure of about 20 days in the proportion 
of 5 to 8. 

From the 215 lbs of rough foda thus obtained 
and iiicreafcd by abforption of air and moifturc 
to 344 lbs. may be obtained by lixiviation and 
cryftallization 152 lbs. of carbonated foda, and 
the uncryrtallizable mother water will afford by 
evaporation about 47 lbs. of femicauftic Ibila 
mixed with a little charcoal, fulphuret of iron 
and other impurities. The iriiblubrc refidue 
weighs about 185 lbs. and is fulphuret of iron 
with a little charcoal in a Hate highly favour- 
able for vitriolization, 

Muriat of AMMONtA. See Sal Ammoniac. 

MuRIAT of hiMK. 

This earthy flilt was firft known in chemical 
manufafturc as the rcfuluc from the diflillatioii 
of carbonat of ammonia by chalk and muriat of 
ammonia. It is alfo found native frequently, 
but in fmall quantities, in a great variety of 
faline fprings, but never entering into any 
folid mineral. 

To procure it pure any quantity of pure 
chalk or white marble is to be diflblved in 
pure muriatic acid to flituration, and the clear 
fluid evaporated to a thick fyrupy conriftence, 
when by cooling it will congeal into a yel- 
lowifli tranfparcnt faline mafs, of a llriated 
texture. This fait may alfo be procured iii 
regular cryftals in the form of fix fided prifms 
terminated by fix-fided pyramiils, but it is not 
eafy to cryftallize this fait. Pelletier fucceeded 
by expofing a concentrated folution to very 
gradual evaporation in a warm and dry air. 
Bcaume finds the fame cryftallization when the 
folution is long kept in bottles. 

This fait is one of the moft deliquefeent of 
all the known falts, fo that the cryftals kept 
expofed to the air, or even in a Ixittic but 
flightly flopped, foon refolve into a denfc yellow-, 
ilh liquid refembling oil in appearance, and 
called by the older chemilU oil of lime. Thi» 
R 2 
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may be again brought to tlie fame cryftalllzed 
in a is by evaporation and cooling. 

hluriat of lime has no fmcll. The yellowilh 
colour which it lias is probably owing to the 
fniall quantity of iron which is contained in 
alinull every calcareous earth, and alfo in com- 
mon muriatic acid. The tailc is acrid, bitter, 
and nauieous*. 

The folubillty of this fait is indefinite in a 
warm temperature, for it readily melts in its 
water of cryft.illization when lieated. Cold 
water will dilTolve twice its weight, and hence 
the folu4:ion muft be extremely concentrated 
before the fait will feparatc in a folid form by 
cooling. If a fokition fo far concentrated as to 
cryftalHze by cooling be poured hot into a bottle 
and immediately corked, it will remain fluid 
for fonic time when cold, if quite at reft, and 
then when the cork is drawn and the bottle 
iliaken, the whole will folidify in a few fcconds 
with the evolution of fo much heat that the 
bottle cannot be hehl in the hand. This ex- 
periment however does not always fucceed, nor 
with fo much certainty as with Glauber’s fait. 

Muriat of lime heated psr fc firll liquefies and 
as it dries puffs up fxtrcmcly and turns to a 
white faline mafs ftill cleliqucfccnt. If the lieat 
be continued it parts with a portion of its acid 
but not the whole. Bcaume has the following 
analytical experiment on the fubjc£f. Four 
ounces of nuiriat of lime heated for three hours 
ill a fire gradually raifed to rednefs, gave .an 
ounce of good colourlcfs muriatic acul, anefthe 
mats remaining in the retort was white, fpongy, 
and faline. Tliree ounces of cold water were 
added which immcdiatciy acquired a boiling 
lieat, and on adding more water and filtering, a 
clear folution of muriat of lime was obtained, 
and a quantity of infoluble earth left behind. 
This liquor evaporated to drynefs and diftillcd 
in a very lircn ^ heat lil! the retort was foftened, 
gave nothing more than a very (lightly acidulous 
water. iViuri.it of lime when heated in an 
open crucible parts with more of its acid, but 
never v/Itli tlic whole. 'Fhc refidue from the 
diftilJatlon of volatile alkali is phofphorcfcent 
%vhen heated. It is compofed of muriat of 
lime with cxcefs of lime, and probably alfo 
of fotn^unclecompofcd chalk. It forms Hom^ 

LIurij^H^. lime is very foluble in alcohol. 
When ^tlilicd, alcohol diflblves its own 
\veighr. ^ • 

Pelletier relates a curious and unaccountable 
phenomenon. If carbonic acid is pafled through 
a folution of muriat' of lime tlie whole prefcntly 


changes into a fubftance fo folid as to require at' 
ftrong ftroke of the hammer to break it. 

The fulphuric acid decompofes this fait, and 
owing to the fparing folubillty of the fulphat of 
lime and the high folubillty of the muriat, if 
fulphuric acid U j)ouTcd into a concentrated 
folution of the latter fait, the whole immediately 
turns to a white folid mafs of calcareous/ ful- 
phat. 

The compofition of this fait is thus givei> by 
Kirwan : fifty parts of pure lime faturated 
muriatic acid, form loo of the muriat when 
heated to rednefs, and loo parts of muriat in 
this ftate therefore contain 50 of lime, 42 of 
acid, and 8 of water. 

This fait has fome not unimportant ufes in 
chcinlftry. From its great tendency to cioH- 
quefccince, it is valuable in the experinienUV 
on gafes to abforb the moifture from them. 
For the fame reafon alcoliol is brought to a 
very high degree of rcilifieation when dillillcd 
oft* the dry muriat. The cryftalHzcd muriat 
alfo aflbrds the cheapeft and moft powerful fiib- 
ftance as a freezing mixture, to produce the 
moft intenfe degrees of artificial cold, as mcn- 
tionctl under tlie article Freezing* 

Muriat of BafTvtes. 

This fait is never found native. It may be 
prepared by difiblving cither the natural or arti- 
ficial carbonat of barytes in muriatic acid, or. 
from fulphuret of barytes and muriatic acid, 
or from JiUiiiat of lime and fulphat of barytes, 
all of which methods arc deferibed under tlie 
articles and Carbonat of Barytes. Muriat 

of barytes cryftallizcs readily from a hot con- 
centrated folution by cooling, or by flow evapo- 
ration. The cry Hals are larg^, of an opake 
white, and generally in oftogonal tables trun- 
cated at die angles. The taftc is acrid and 
ailringent. It is one of the hcavieft falts known, 
and is readily dillinguilhable from moft other 
falls by its external properties. 

This fait is not deliquefeent, nor in any way 
alterable in the air. When heated it Iqfcs its 
water of cryftallization, but none of its acid. 
In a ftrong fire it melts, but is not in any other 
M^ay altered. About five parts of cold water . 
diflblve one part of the cryftallized fait,, and 
boiling water fomewhat more, but to cryftallize 
it readily by cooling, it muft be confiderably 
concentrated by evaporation. It contains 64 
of barytes, 2o of acid, and 16 of water of <rxVf- ^ 
tallization. 

Sulphuric acid and every foluble fait contain- 
ing it decompofes muriat of barytes, and forms 
an infoluble fulphat of barytes, and tliis takes 
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place with fuch minute quantities as to render 
tlie muriat (as well as the other foluble falts) 
of barytes a* mod valuable teft for fulphuric 
acid in any form,* Nitric acid alfo dccoinpofes 
this muri.it, and if it is much concentrated a 
white precipitate of nitrat of:barytcs falls down, 
owing to the more fparing Iblubility of the 
nilrat in water than of the muriat. But it is 
dillblvcd by adding more water, by which it 
m?ty be readily dillinguiflied from the fulphat. 

‘ ^WWuridt of barytes is ufed as a tefl: for ful- 
phuric acid in chemical e\*nerimcnts. It has 
alfo been employed in medicine, and like all 
the other foliiblo barytic falts it is a powerful 
poifon in large dofes. 

Muriat or Strontian. 

This fait is prepared by diflblving ftrontian 
qr its enrbonat in muriatic acid. The modes of 
procuring (Irontian wdll be found under the 
articles Strontian and Carhonat of Strontian» The 
fait cryllallizes in long needles, very tender and 
eafily broken, the form of which it is not eafy 
to determine, but the linking didcrence in the 
appearance of muriat of llrontiau and muriat 
of barytes will readily enable the chcmill to 
diftinguilh tliefc falts, which in other refped\s 
have many properties in coifimon. 

Muriat of llrontian is one of the mod foluble 
of all the known falts. A hundred parts of the 
cryltallized fait required but 75 of water at a 
moderate temperature, and when hcatetl it 
dilihlves in its owui w'ater of cryllallizatioii. 
Alcohol when boiling alfo dilTolves a large 
quantity, but the greater part is again feparated 
by cooling. The alcoholic folution when fet 
lire 10, burns wdth a beautiful crimfon flame, 
wliicli is a very«afeful tell for fl:rontian. Tiic 
tallc of the fait is cooling at flrll, and after- 
w'arcis rather acrid, but not audere like muriat 
of barytes, nor bitter. It is not poifondus. 
This fait is not deliqucfcent. When heated it 
lofes its water of cryilallization, but none of its 
acid. Its component parts according to Vau- 
qucliii, arc (in the crylballized llatej 36.4 of 
iirontian ; 23.6 of acid ; and 40 of water. 

It is not applied to any ufc. 

Muriat of Magnesia. 

Magnelia diflblves in muriatic acid with great 
eafe, forming a bitter naufeous fait which can- 
not but wdth extreme dilliculty be brought to 
crydallize, but when evaporated nearly to dry- 
r3'5sr^bccome8 a gelatinous, fliapelefs, deliquef- 
cent mafs. It is found abundantly in nature, 
particularly in fea-w-ater, to which this owes 
its bitter naufeous tade. It alfo often accom- ' 

* Ann. Che 


panies common fait in the water of inland brine 
fprings. 

This fait is extremely foluble, requiring only 
its own weight of cold water. Boiling water 
takes up much more, fo that a hot fat 11 rated 
folution on cooling coagulates to a gelatinous 
mafs. 

Muriat of magnefla is compleatly dccompo- 
flible by heat, the whole of the water of cryf- 
tallization and the muriatic acid flying off and 
leaving tlie magnelia pure. In this refpedl it 
diflers from muriat of lime, with which it is 
often mixed, fo that it aflbrds an ufcful way 
in analyfis of feparatiiig thefe earths, wliicn 
has fometimes been adopted. After calcining 
tlic two falts, therefore, muriat of lime and 
pure magnelia are left, which mere folulion in 
water will feparate. As however muriat of 
lime is partially decompolahic by the lame me- 
thod, it probably would require a repetition of 
die calcination of the rcliilue with frelh ajid 
to feparate the earths compleatly. 

Muriat of magnelia is readily decompofable 
by the fixed alkalies and the alkaline earths. 
With ammonia, only a part of the earth is 
feparated in a moderate Xcat, and the remainder 
unites with the undccompolcd portion into a 
triple. fait, the muriat of magiufui with ammonia^ 
or ammcnuico magmfuin muriat y which will bo 
prefently mentioned. 

The faturated carbonat of ammonia (ilcfcribcd 
under the article Carbonat of Jlmmoiiuty and made 
by expofiiig tlic pungent carbonat to tlie air for 
lome hours) produces no precipitate whatever 
with nuiviat of m agile fia, ov'ing to llie excels 
of carbonic acid, till this exccTs is diivcii oil' by 
heat. 

Muriat of magnefia is compofeil acconling to 
Bergman, of 41 of niagnciK,, 34 of aciti, and 
25 of wMter. It is very foluble in alcohol, 

A.mmoxiaco Magnlsiax Muria r. 

This fait has been pavticul n ly elefiribod by 
Fourcroy, in a valuable memf)iv on tJic triple 
magncfian falts, of which the following are the 
leading fuels : 144 grains of carbonat of mag- 
nefia (containing grains of magiieriaj were 
diflblved in imiriatic acid, to which was added 
72 gnains of liquid ammonia, whicli caufed a 
precipitate which, col levied, wafiicd an^|h'icd, 
weighed ^ j grains. Seventy-two mjyHFnfore 
of ammonia were addeil, which gawHTAirthcr 
precipitate of 7 grains, though the fbrnfe* fuper- 
natant liquor was llrongly ammoniacal. Another 
dofe of 144 grains of ammonia 'gave a further 
precipitate 01 1 4 grains, after which no further 
m. tom. 
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ftdilidon of ammonia produced any precipi- 
tate. Thus only 24} grains, or onc-third of 
the magnefia could be feparated by any addi- 
tion of ammonia, though the quantity of the 
latter was more than fuilicient to fat urate the 
muriatic acid. The remaining liquor yields by 
flow evaporation finall polyhedral cryftals, which 
have a bitter and ammoniacal tallc, and are the 
muritU of inagnefta ivtlh ammonia. 'Fhe compo- 
fltion or this fait is inferred from the quantity 
of magnefia feparated from the folutioii in the 
above-mentioned experiment : the 24| grains 
of precipitated magnefla faturated with muriatic 
acid and evaporated flowly, fo as to become a 
confufedly cryftallizcd mafs, produced 98 grs. 
of muriated magnefia \ hence the 48 grains of 
magnefia remaining in the folution would pro- 
duce about 196 grs. of muriat, which remained 
in the triple fait. Then as 24^ grs. of magnefia 
were difplaced by the ammonia, it is ellimated 
that as much ammonia remains in the triple 
fait as is neceflary to faturate as much muriatic 
acid as will faturate 24^ grains of magnefia. 
From thefe data M. Fourcroy eftimates the 
proportion of this triple fait to be 73 per cent. 
of muriat of magnefia, and 27 of muriat of 
ammonia. It would be eafy however to fliew 
tliat thefe data arc far from fufficient, and it 
does not appear tliat they have been confirmed 
by analyfis. 

This triple fait may alfo be formed by the 
mixture of concentrated folutions of muriated 
ammonia and muriated magnefia, whereby the 
fait readily feparates in fmall cryffals. Magnefia 
agitated with a cold folution of muriated am- 
monia will alfo produce the fait. 


The ammomaco-magnefian muriat is readily 
decompofable by heat, the muriat of ammonia 
becomes volatilized, the whole of the muriatic 
acid flics off, and the magnefia alone is left. 

This fiilt is not deliquefcent as the Ample 
muriat of magnefia is :it diflblves in fix or feveii 
parts of cold water, and in lefs when hot. It 
is obvioufly lefs foluble than either of the mu- 
riats of which it is compofed, fince it feparates 
in cryftals when the folutions of each are 
mixed. 

Muriat of Alumine. 

This fait is never found native. It is pre- 
pared by boiling muriatic acid on alumine for a 
confidcrable time, whereby a folution is effeOied 
which is always acidulous and has a very ftyptic 
aufterc taftc. When evaporated to a thick con- 
fiftence it takes a gelatinous form, but camn^ 
be cryftallizcd but with extreme difficulty.^ 

This fait is very foluble in water." Ifike 
the muriat of magnefia, it parts with the whole 
of its acid by heat, and the alumine remains 
pure. Tlie fait when brought to a gelatinous 
confiftcnce, is extremely deliquefcent in the air. 

It is not applied to any ufe. According to 
Richter, 21.8 grains of alumine gave loo' of 
the muriat, evaporated fo as to become fenfibly 
dry. 

Muriat or Zircon, &:c. 

{For the other Muriated Farths,Jee thefe Earths 
refpeflively). 

MURICALCITE. See Bitterspath. 

MUSCLE, or Muscular Fibre. 

The chemical analyfis of mufcular fibre will 
be found under the articles Fibrin and Blood. 


N 


NACRE, or Mother of Pearl. 

This term is applied to that beautiful natural 
white enamel which forms the greater part of 
the fubftaiice of the oyftcr-fliell, particularly the 
pearl-oytter. Its chemical compofition will be 
deferibed under the article Shell. 

, NADELSTEIN. See 'Fitanium. 

NAPTHA. See Bitumtin. 

WATRON, is a term commonly applied to 
Sodaj and particularly its Carhovat. 

NEPHRITE. * 

Of this mineral there are the two following 
fubfpecies. 

1 . Subfp. Common Nephrite or Jade. Gr- 
fneiner Nephrite Wern. . Nephrite commune Broch. 

Its colour is a fomewhat dark leek -green 


verging to blue, or greenifh or bluifh white. 
It occurs maffive and in detached rounded 
pieces. The fmooth external furface is glim- 
mering with an oily luftre ; internally it is dull 
except when mixed with fibres of albcft and 
fcalcs of talc. Its fra<fturc is coarfe fplintery 
and fometimes obfeurely fibrous. Its fragments 
are indeterminately angular. It is more or lefs 
tranflucent ; it is hard, difficultly frangible and 
greafy to the touch. Sp. gr. of the Oriental 
2.97 to 3.04, of the Swifs 3.31 to 7. '>8. 

Nephrite by expofure to a mci • ; • : i h - 

comes more brittle and femi-tr ^ ; . 

fufiblc before the blowpipe v ii . . ! jlrio.i 

into a white femi-tranfparent n .. 

Of the geological hillory oi . * .< lai va) . 


Esnmeiling, Kinvani jamefon, Brochant. 
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&ing certain is known* It is found in China 
and India, in Switzerland, Piedmont and Tyrol. 

It is dilficult to faw or cut, and even when 
poliihed has a 'muddy appearance : its great 
toughnefs however enables the artift to faihion 
it into works of great delicacy. It is much 
prized by the Hindoos and Chinefe, by whom 
it is made into talifmaiis and idols, and by the 
Turks, who form it into fword and dagger 
handles. 

7.. Suhfp, Axeftoiie. Betl/Iein^Vf^rn. Pierre 
Tie Hache^ Broch. 

Its colour , varies between deep bluilh and 

J ellowilh green, and fometimes paiTes into olive, 
t occurs in niafs : internally it is ftrongly glif- 
telling with fomewhaaof a refinous luflre. Its 
fvadlurc in the great is ilaty, and in the fmall, 
fpllntcry. Its fragments are tabular. It is 
tran (lucent, and in hardnefs and toughnefs ap- 
proaches nearly to the preceding fubfpecies. 

Its natural htuation* appears* to be in beds of 
argillaceous fchiflus. 

It occurs in South America, in New Zealand 
and other iflands of the Pacific ocean, where it 
is made by the natives into hatchets, tomahawks 
and other inftruments. It is alfo found in 
Corfica, Switzerland and Saxony. 

Nephrite appears to be clofely connc£lcd with 
whetflone llatc and indurated talc. 

NEUTRAL SALTS. See Salts. 
NICKEL. Nikkei, ^ Germ , Nikel, Fr. 

Nickel is a ycllowifh white femi-mallcablc 
•Irnetal, di/Ticultly fufiblc, attra«Stible by the mag- 
net, folubJe in nitric acid to which it gives a 
green colour, and when in the ftatc of ox yd, 
i'oluble in ammonia, to which it gives a blue 
\ colour. ^ 

I § r. Ores of NickeL 

( Sp. I. Copper Nickel. Kupfer Nihlel,'W 
Its colour is pale copper red with a yellowifh 
or greyifh tint. It occurs malfive and dificini- 
,nated, fometimes though rarely reticular, arbo- 
refeent or botryoidal. It is more or lefs ihining 
with a metallic luftre. Its fradlure is imper- 
fe£Hy conchoidal, pafling into coarfe grained 
laneven (tliis latter variety pofiefies the lead iuf- 
jtre). Its fragments are indeterminately angular 
sharp edged. It fometimes occurs in granular 
pr curved' lamellar diftind^ concretions. It» 
nardnefs is confiderable for it gives fire with 
Heel, difengaging at the fame time a ftrang 
/^i:£^lncal odour. It is brittle^, but difficultly 
^frangible. Sp. gr. 6.6. 

Before the olowpipe it gives out an arfcnical 
r vapour, and then fufes though not very eafily 
dark fcoria mixed with nrctallic grains. 

\ 


It appears to conGft efientially of nickel and’ 
arfcnic, but it alfo contains fulphur, iron, co- 
balt, copper, and not unfrcquently bifmuth and 
filver. 

It occurs in veins both in primitive and llra- 
tified mountains accompanied by various ores 
of cobalt and filver,and by heavy (par, c.ilcareout 
fpar, brown fpar, and quiirtz. 

It is found moft abundantly at Joachimfthal 
in. Bohemia, Schneebtrg, Freyberg and Anna-* 
berg in Saxony ; and Andrcafbcrg in the Hartz ; 
it is alfo met with in Cornwall in England, at 
Allemont in France, in Stiria, in Arragon in 
Spain, and Kolywan in Siberia. 

Sp. a. Nickel Ochre. Nikkei Oiker, Wem 

Its ufual colour is apple green, paffing to 
grafs-green and greenifli white; when moift 
the colour is confidcrably deepened. It occurs 
diileminated, and as a fuperficial covering on- 
copper nickel and the ores of cobalt. It is 
compofed of loofe or flightly cohering pulveru- 
lent particles. It is meagre to the touch and is 
light. 

It is infufiblc per fe by the blowpipe, when 
melted witli borax this latter acquires a hya- 
cinthinc colour and metallic globules arc pi*o- 
diiccd. It is often in part foluble in water, but 
this arifes from an admixture of fuljdiiit of 
nickel, which may thus be feparated from the. 
proper ochre. 

It is found in the fame places and fituations 
as the preceding fpccles. 

J 2. Analysis of Ores^ 

Copper nickel though not confiding efTentially 
of more than two or three ingredients may yet 
cafuully contain a confiderable variety of other 
fubdanccs as has been fliown above. In giving 
therefore a formula for its aiiaiyfis it will be 
advifablc to confidcr it in its mod compound 
form. Hence wo fliall fuppofe it to contain 
nickel, arfenic, fulphur, copper, iron, cobalt, 
filver, and bifmuth, befides quartz and alumine. 

1. U'he ore being ground to an impalpable 
powder mull bo digclted with nitric ;icid coii- 
fidcrably diluted, nitrous gas will be given out,, 
and by two or three digeflions every tiling folu- 
ble will, be taken up. 

2. 'fhe infoliible portion, confifting for the 
mod part of fulphur and filex, is to be dried, 
weighed, and then heated ; the fulphur [a) will 
burn olf, and its amount may be afeortained by 
the difference of weight before and after ig- 
nition. The refid uc after being boiled in a 
little nitrous acid is pure flex {b)^ 

3. Add together both the nitrous folutlons . 
nearly faturutc the liquor with pure fioda, cya— 
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porate it confiderably and then pour the foliiiion cylhidrical crucible with the mouth loofely 
into cold dldilled water, by which the oxyd of clofed with a bit of charcoal* or an earthen-ware 
li/muth (t-) will be precipitated. Hopper. Place the crucible in a wind furnace 

4. To the filtered Splution add muriat of foda and give it a full red heat as long as any arfen- 

drop by drop as long as any precipitate falls ical vapours arc difengaged : if this is carefully 
down ; this is muriat of ftl^uer (r/). performed nearly the whole of the arfenic will 

5. Now evaporate the folution nearly to dry- be got rid of in a quarter of an hour or twenty 

ncl's, and boil it with ftrong nitric acid as long minutes, far more efleclually than by feveral 
as any nitrous gas is given out:. during the pro- hours reading in the ufual method. Now 
cofs red oxyd of iron (c) will be precipitated. empty the contents of the crucible upon an 
' 6. Having removed the oxyd of iron, nearly earthen ted, and by a gentle red heat with 

fat urate the liquor with foda and pour in nitrat accefs of air burn off all the remaining char-*"' 
of lead as long as any arfeniat of lead {f) is coal. 

precipitated, which feparate by the filter. b Transfer the contents of the ted to a flalk, 

7. The nitrous folution being now decom- and diged them with dilute nitric acid as long 

pofed by carbonated foda, and the wafiied pre- as any thing is taken up. /Then boil the filtered 
cipitate digeded in liquid ammonia, oxyd of folution with a little more acid in order to 
iron (g) mixed with alumine (Z?) will be left be- acidify any arfenic that may yet remain this 
hind, whicll may be feparated in the ufual way being done, fiiturate the liquor with foda and add 
by caiidic fixed alkali. nitrat of lead till it ceafes to give a precipitate. 

8. The animouiacal folution is to be flightly c Having feparated tlic arfeniat of lead, add 
fuperfaturated with nitric acid, and a bar of iron to the clear liquor a little muriatic acid and 
being imincrfed in it will feparate the copper (/) : boil it with a bar of zinc : the fupernatant deep 
after wliich the liquor is to be decompofed by green liquor v/ill now contain only the oxyds of 
jcarbonated foda and the precipitate again di- zinc, cobalt and nickel. 

geded in ammonia, that the iron ufed for fepa- d Decompofe the folution by a carbonated 
xating the copper may be got rid of. alkali and digell the waflied precipitate in am- 

9. The folution containing now only nickel monia, by which the zinc will be left behind; 
and cobalt, is to be treated according to Mr. R. and then feparate the oxyd of nickel according 
Phillips’s method, as follows. Evaporate the to Mr. Phillips’s method already deferibed. 
liquor till the excefs of ammonia is driven offi e Mix the oxyd of nickel with glafs of borax 
which may be known by the vapour ccafing to and expofe it in a crucible with a little carbon- 
difcolour mold turmeric paper : then largely accous matter to the highed heat of a powerful . 
dilute it and pour in pure potalh or foda as long furnace ; a reguline button will thus be pro- 
as any precipitation takes place ; what falls duced which is pure nickel. 

down is oxyd of nickel 

10. The cobalt (/) alone remains in folution, § 3. Physical and Chemical properties of Nickel. 

and may be readily feparated by accurately The colour of nickel is a dull ycllowifn white : 

faturating the liquor with nitric acid and then its frafture is foliated ; it is brittle, yet not fo 
addling carbonated foda. much fo as to prevent it from undergoing a 

The above general mode of proceeding is flight extenfion under the hammer. Its fp. gr. 
alfo applicable to the analyfis of nickel ochre, is z= 8.51. It is drongly attra£led by the 
except that it fhould fird of all be digeded in magnet. 

water to diflblve out any fulpliat of nickel which Thefe are the charafters of the pure regulus 
it may accidentally contain. as obtained by Mr. Phillips according to his 

Nickel is not applied to any ufe, and there- procefs, the efficacy of w]>ich there feems no 
fore no attempt has been made in the large way reafon to fufped^. M. Richter however has 
to reduce its ores. The mod fatisfaftory me- recently publiflicd a rhemoir on this meta!, in 
thod of performing this in the laboratory on which he claims lor it the rank of a noble one, 
fmall quantities is the following. and the characters of which according to him 

a Diflblve the ore in dilute nitric ornitro-mu- are the following. Its colour is betwccnJilvcr 
riatic acid, and then dir into the clear folution and tin white : it is not oxydable by exp<nL::7>.. 
a quantity of finely pulverized' charcoal about to the atmofphere : it is malleable either hot or 
^qual in weight to the ore diffolvcd : evaporate cold, and by laminating may be reduced into 
the mixture to drynefs and put it into a bellying leaves no thicker than of an inch. Its fp. gr. 1 
• rhil. Mag. xvi, p. 31%, * Van Mons Journ. de Clum. vol. vi. or PhiL Mag. xxiii. p. 137. , 



%fcen fufed is = 8.2799 and when hammered 
sss 8.666. It requires for its fufion a heat fully 
equal to that for the fufion of manganefe. . It 
is very difficultly oxydable even at a white heat: 
it is not only attraflible by the magnet but is 
capable of acquiring magnetic polarity. Some 
of die rcffuli of this metad obtained by Bergman 
alfo exhibited nearly the fame properties9 but 
from the mode of reduAion purfued in both 
cafes It appears almolt certain that Richtei^s 
pure regulus is in faA an alloy of this metal 
jpilh iron. 

Pure nickel is perhaps capable of two ftates 
of oxydation: bv long expofure to an intenfe 
^iieat with accels of air it is converted to a 
dark brown oxyd whiA is ftill magnetical : ^ 
on the other hand the Colour of all its falts is 
green and the precipitate dirown down bv de* 
cbmpofing them with alkali is allb green9 nence 
it mav be concluded that the perfeA oxyd of 
nickel is green, unlefs this colour as in the cafe 
, of the green oxyds of copper be owing to a 
combination with water. The green oxyd of 
nickel by moderate ignition becomes afh^grey 
with a flight tinge of blue or green, and in this 
ftatej according to Klaproth % is compofed of 
66 of metal and 34 of oxygen. By further 
ignition it becomes of a blacxiih greyi and con<-> 
tains9 according to Richter, 78 of metal and 22 
of oxygen. Both the oxyds of nickel by llrong 
ignition in clofe veflels even without the con- 
taA of any inflammable body axe reduced to 
the metallic Rate. 

• * Sulphuric acid, elpecially when heated, dif- 
folves either nickel or its oxyd $ and ^ evapo* 
ration to drynefs, in order to drive oflr the fu- 

E erfluous acid, leaves behind a faline mafs folu* 
le in water and from which by evaporation 
may be obtained rhomboidal oAohedrons trun- 
cated at their bafes of fulphat of nickel. The 
colour of this fait is a bright emerald green, 
which by moderate ignition to drive oW the 
water of cryftaUixation becomes of a greenilh 
white. 

' Nitric acid by the affiftance of heat aAs 
vigoroufly on metallic nickel or its oxyds, and 
forms with it a grafs green folution from which 
are obtained by evaporation rhomboidal ci^ftals: 
^hefe 00 exporare to the air at firft deliquate, 
but by loi^ expofure to a warm atmoiphere 
kle the gmter part of their acid and crumble 
lo a mufionHh white powder. 

^jdTuriatic acid Icarcely a As on rerafine nickel 
'bnt diflblyca its oxyd without difficulty | the 
evaporated felution depofits irregular cryftals at 

N ' • EC Jl. y. aej. ■ Aaalyt. 


firft deliquefeent and afterwards efllorefcent 
like thofe of nitrated nickel. 

Solutions of all the preceding falts are de- 
compofed by the alkaline hydrofulphurets, with 
which they form black precipitates; but ful- 
phuretted hydrogen has no apparent cffeA upon 
them. Prufliat of potafli throws down a brigl.t 
fea-green precipitate; of which, according to 
Bergman, 250 parts contain 100 of metallic 
nickel: thefe proportions however diilbr ma- 
terially from thofe given by Klaproth, according 
to whom 100 grains of reguline nickel after 
folution in fulphuric acid give a precipitate by 
pruffiat of potafli, which after being ignitiKi fo 
as to become entirely attraAible by the magnet 
weighs 300 grains. 

'1 inAure of galls produces no precipitate or 
even turbidnefs. 

The mild alkalies occafion a light appic-grecn 
precipitate of carbonated nickel in the propor- 
tion according to Bergman, when carbonateit 
foda is employed, of 135 parts for every 100 of 
regulus : but according to Richter, when car- 
bonated potafli is employed, of 292 parts for 
every 100. 

The cauftic fixed alkalies alfo afford a pre- 
cipitate amounting according to Bergman to 
128 parts for every 100 of regulus. 

Pure ammonia when added to faturation to 
any of the fairs of nickel throws down a green 
precipitate which is again diflblvcd by an cxccfs 
of the fame alkali : the folution is now of a 
beautiful iky blue colour, and probably contain# 
the acid, the ammonia, and oxyd of nickel com- 
bined together into a triple lalt. The ammo- 
niaco-nitrat of nickel, according to Thenard % 
exhibits the following properties. It depofits 
green cryftals by evaporation ; it is dccom- 

f iofable by fulphurettcd hydrogen and the aika- 
ine fulphurets : neither acids nor alkalies cfieA 
any change in it at the common temperature, 
but by ebullition with cauftic potafli the ammo- 
nia is driven ofl'^ nitre is formed and oxyd of 
nickel precipitates. It may aUb be decompoied 
by firft faturating the ammonia with an acid and 
then adding carbonated foda. 

Not only the falts of nickel but the oxyds 
alfo, and even the reuulus, are foiuble in am- 
monia, the colour of me fluid thus produced is 
a dark purple-blue, like the ammoniuret of 
copper. It is decompofablc with precipitation 
of me metallic oxyd by either ot the cauftic 
fixed alkalies, as has been already obferved in 
the preceding feAion. 

None of me metals are capable of decom-^ 
Eff. 1. p 4ja* ^ Aair.dc Cbcm.XLII. p. ix6. 
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pofing the falts of nickel : even zinc, although 
allifted by an excefs of muriatic acid in the foiu- 
tion, and a boiling temperature, has no eiFe£l on 
the fait when the nickel is pure : a mud-coloured 
precipitate indeed is not unfrequently depofitcd 
from the folution of common nickel, but this pre- 
cipitate is for the moil part arfenic and iron, with 
which nickel purified in the ufual way always 
abounds. Hence it is that in proportion to the 
a£lion of the zinc on this compound fait, the 
green colour of the folution becomes more and 
more pure and bright ; and when all the arfenic 
capable of precipitation by this method has 
fallen down, no further digeftion with zinc or 
any other metal will produce the Icaft effe^. 

There are no experiments on the combination 
of pure nickel with fulphur or phofphorus, but 
as the common regulus unites without difficulty 
with thefe combuftibles it is probable that the 
pure metal will do fo like wife. 

The alloys of nickel with the other metals 
havd been but little examined. 

When combined with gold in the proportion 
of three or four grains of the former to an ounce 
of the latter, neither the colour nor malleability 
of the mafs materially differs from that of pure 
gold, but if the proportion of nickel amounts to 
20 grains of alloy in the ounce, the refult is a 
mixture of a brafs colour, a coarfe grain, and 
very brittle. ^ 

With Giver it may be combined according 
to Bergman, in nearly equal proportions, without 
impairing in any remarkable degree either the 
colour or du£^ility of the Giver. 

With copper it forms an alloy of lefs dud ility 
than pure copper, and the magnetic quality of 
the nickel is diminilhed though by no means 
deftroyed. 

With tin it forms a white brittle compound. 

By mixture with arfenic it forms :: brittle and 
eaGly fuGble mafs, entirely incapable of being 
aded on by the magnet. If the proportion of 
arfenic in tne compound is conGderable, it will 
emit fumes of this metal by expofure to the blow- 
pipe, and if it be broken to pieces and roafted at a 
low red-heat it will be covered with a green arbo- 
rcfcence of arfenicated oxyd of nickel : by a 
repetition of alternate roaftings and rediidions 
with a carbonaceous flux, the arfenic may be fo 
far feparated as that the alloy will give out no 
more vapours, nor produce any arborefcence, 
after which by repeated fcoriffcation with nitre, 
the remaining arfenic may be almoft entirely got 
rid of ; but this method is neither fo expeditious 


or fatisfa^on as that already detailed in dift 
preceding fedion. 

Nickel and iron feem to unite together in all 
proportions : the colour of the alloy approaches 
more to that of Giver, as the nickel prevails in 
it; and its dudility an4 power of magnetifm 
appear to be fully equal to that of pure iron. 

It is remarkable that all the fpecimens of mete- 
oric iron that have been analyfed, are natural 
alloys of iron and nickel, of which this latter 
conftitutes from 1.5 to 17. per cent. Thefe 
mafles differ from pure iron in being fcaroeiy 
at all oxydable by expofure to the weather, it is 
highly probable therefore that nickel may be- 
come a metal of vaft importance if its power of 
proteding iron from rim be fully eftablifhed. 

. Oxyd of nickel ifiLfoluole by fufion in various 
vitrefeent mixtures, to which it gives different 
tinges of colour according to the nature of the 
faiine ingredient made ufe of as a flux. 

A mixture of Pure Gliceous earth 80 grains, . ' 
Carbonated potafli 60 
Oxyd of nickel - 3 

affords by fuGon a hard clear violet-blue glaft. ^ 

Siliceous earth - 60 
Calcined borax - 60 
Oxyd of nickel - 3 

yield a glafs or a clear brown with a tinge of 
blue, or a hyacinthine colour. A Gmilar efled ' 
is produced if either carbonat of foda or micro- 
corniic fait be fubftituted inftead of borax. 
With the latter of thefe fluxes the glafs while • 
hot is of a deep garnet-red colour. 

Siliceous earth - 60 

VitriGed phofphoric acid 
prepared from bones - 60 

Oxyd of nickel - - - 3 

produce a honey-yellow glafs, but not quite 
tranfpatent ; this defed however is in all pro- 
bability to be attributed to the phofphat of lime, 
which phofphoric acid fo prepared ahnolff alwayi. 
contains. 

NIGRIN. See Titanium. 

NITROGEN. SeeAzoT. 

NITRIC. Nitrous Acid, jlqua Feeiis ^ 
Commerce: Der Salpetersauri. Germ. ' " 

This moft important acid is found native in 
great abundance united with p'otalh, in foihe 
arts of the Eaft Indies, and it is dfo 
y the putrefadion of animal msitters bf vano^aF^^ 
kinds, as will be explained under the artickt' 
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tf'fetafii. . It is aifo generated in feveral As foon as the nitre and. fulphuric acid mix, 
chemical procefles, and may be produced by the faint orange-yellow fumes arife, but very fpa- 
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direA union of its two conftituent parts, assot, 
and 99cygen^ in fufficient quantity to afford fatis- 
fa£%oiy evidence of its chemical nature ; but for 
the purpofes of the laboratory and manufacture, 
it is always prepared from nitre, by the addition 
of fome fubftance which has a llronger affinity 
with potaih than the nitric acid has, affifled 
by diftillation. 

- The mpft antient way of procuring this acid 
,,.jand which is ftill praCtifed in many countries 
(though now feldom in England) is by heating 
ftrongly a mixture of nitre and clay, or nitre 
^and^een vitriol, in earthen or iron retorts, and 
receiving the acid vapour in proper vefTels. It 
w^s foon found that alum and fome other vitri- 
olic falts anfwered the purpofe as well as the 
vitriol of iron, and laflly the great improvement 
was made of employing the vitriolic acid alone, 
which is the method now univerfally adopted 
in the laboratory, and chiefly in manufacture, 
in this country, where this acid is cheap. 

The way of procuring the nitrous acid in 
fmall quantities, is the following : take a plain 
glafs retort of any fize, put into it any quantity 
of dry purified nitre in powder (which need not 
be very fine) dropping it through a paper 


funnel, that none may lodge in the neck of the 
retort, and fill it not nigher than at molt two- 
thirds of the capacity of the body of the veflel. 


when the nitre lies light and uncomprcfled. 
Then pour in (through a glafs funnel, with a 

* ftem reaching nearly to the bottom) concentrated 
fulphuric acid equal to about half of the weight 
of the nitre, equally guarding againft any lodge- 
ment of it in neck of the retort. Then 
lute on a large tubulated glafs receiver, and 
cement the joinings with fat lute (the compofi- 
tion of which is deferibed under the article 
Cements). Thefe two are all the vcflels abfolutely 
required, but the tube of the receiver mult be 
only loofely ftopped, or (what is a better way) 
it mould dip into an empty bottle without 
luting the joinings. As however towards the 
end of the procels much acid vapour pafles oiF 
which would be loft in the common way of 
proceeding, and is partially condenfible by 
water, one or two bottles of the Woulfc’s appa- 
ratus, half filled with water, may be added to 
the receiver, and the abforption tubes carefully 

' that none of the acidulous water may 

* lucked back into the receiver, and mix witn 
\^the ftronger acid. The retort is then to be 
^placed in a fand-bath, and the fire applied gra- 


ringly, till by the affiftance of heat the nitre is 
compleatly diflblved in the acid. When this 
mixture begins to get hot the fumes iiicrcnfc, 
and long wet ftreaks appear on the nock of 
the retort, which colleff and fall down in drops 
in the receiver. The heat is now to be in- 
creafed till the mixture boils, and at this point 
of gentle ebullition the materials are to be kept, 
during which the drops of acid fall in quick 
fuccellion hito the receiver, and the receiver 
itfelf is lined with the fame ftreaks of acid drops. 
Towards the middle of the diftillation, when 
both retort and receiver are filled with the acid 
vapour, the colour is only a faint orange, fo 
that the materials within the retort can be feeit 
without much difficulty by looking down (for 
the hot fand fttould be heaped up as high as 
poffiblc, and above the level of the boiling fluid) 
and even if they cannot be conveniently feen 
the procefs will be known to go on well by the 
gentle uniform hiffing noife of the boiling 
materials, and the moderately rapid fall of con- 
denfed drops in the receiver, which laft ihould 
be kept quite cold with wetted cloths on the 
outfide if ncceflary. During all this time little, 
if any, gas or vapour of any kind palTes beyond 
the large receiver. At length the vapour in the 
retort becomes of a higher orange, which foon 
(and rather fuddenly) deepens into a very dark 
and nearly opake, orange-red, fo that the materi- 
als can no longer be feen ; and a little afterwards 
thefe begin to fwell confiderably, and to rife 
flowly up to the neck of the retort, and if this 
was at firil more than half full, the hot half-fluid 
matter is apt to flow over into the neck, and 
thence into the receiver, unlcfs the heat of the 
furnace be rapidly checked and the top of the 
retort cooled by removing the upper part of the 
fand. The diftillation is then to be continued 
with the heat kept up as high as poffible with- 
out boiling over, and the whole receiver now 
becomes darkened with red-orange fumes, which 
find their way on to the conne£led bottles, where 
they are chiefly condenfed in the water through 
which they are forced. ' At the fame time how- 
ever a ’confiderable quantity of gas efcapes, 
which if examined, is found to be a mixture of 
azot with a very large proportion of oxygen. 
When nothing further is given out and the heat 
is fuflicient nearly to redden the bottom of the 
retort, the procels is concluded. 

The produ£fs of this diftillation arc : — a 
quantity of ftrong heavy nitrous acid, of a bright 
yellow colour, • emitting copious orange -Ved 
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fuMcs,' of exceflivel^ pungent and peculiar 
fmell, and of the fpecific gravity of about ug, 
or half as heavy again as water^ if the nitre 
was thoroughly dried before it was put into the 
retort, and the fulphoric acid was very concen- 
trated. fThe quantity of this acid is on an average 
about half the weight of the nitre employed. 
Beiides this the water that receives the nitrous 
vapour is converted into a weak acid liquor of 
a blue-green colour. 

The iubilance remaining in the retort con- 
cretes into a beautifully white fpongy faline 
mafs, conlilting of fulphat of potafii with a 
fmall excefs of fulphuric acid. This may be 
diflblved out of the retort by hot water it the 
heat has not been fo intenfe as to melt the glafs 
and the fait into a kind ^f opake vitreous mafs* 

The proportions of : dtre and vitriolic acid 
here given are two of tL^s former to one of the 
latter. Even a fomewhat fmaller quantity of 
vitriolic acid will difengage all the acid of the 
nitre, but the remaining fulphat of potafli is 
harder, and the heat required for diftillation is 
^eater, fo that if it be a preferable obJeA to 
lave the retort, not lefs than half the weight of 
fulphuric acid Ihould be employed. If UiU is 
increafed to two-thirds, which is fometimes 
clone, the diftillation is ftill eafier, but the nitric 
acid contains fome fulphuric acid, from which 
indeed it is feldom free till further rectified* 

To prepare only a few ounces of the acid, a 
fand-heat is not necelTary, but the retort may 
be heated by a lamp. 

The nitrous acid thus prepared is very ftrong 
and fuming, and the leaft drop ftains the hands 
vellow almoft immediately. When heated to 
boiling it gives out abundance of red nitrous 
vapour, and if kept boiling for a quarter or half 
an hour (which in a narrow-mouthed flalk can 
be done without much lofs of acid) it becomes 
when cold limpid and colourlefs as water, and 
now no longer fumes. To preferve it colour* 
l^fs it ftiould be kept in a dark place, as the 
light gradually reftores.the colour. 

Thus then there are two forms or (jpecies of 
this acid, viz. the orange-yellow fuming acid, 
and the pale limpid | and the former • is more 
accurately termed in modern chemiftry nitrous 
acid, ancl the . latter nitric m The precife diffe* 
rence between the two will be prefently noticed | 
but it may be here obferved that the nitrous 
appears to be. the nitric holding a quantity of 
red nitrous vapour in folution. 

Common nitrous acid contains, befides nitrous 
vapour, a quantity of muriatic and of fulphuric 
acid, the former ariling from a fmall admixture 


of common fait, or more commonly of murlit 
of potafh with the nitre; and the latt^ from 
the volatilization of part of the fulphuric acid 
added. It is of importance often both in manu- 
facture and in experiment, to gemid of thefe 
foreign acids, which may be done in the fol* 
lowing way i the fulphuric acid is got rid of by 
rediftilling the acid upon about an eighth or 
tenth of pure nitre in a moderate heat, bj 
which the fulphuric acid is detained ; or ellc 
nitrat of lead may be added to the mixed acid, 
which will caufe the fulphuric to feparate aid ^ 
the form of an infoluble fulphat, after which " 
the clear acid may be fimply decanted off, or 
(what is much better) ihould be rediftilled. ^ 

To feparate the muriatic acid nkrat of filver 
may be dropped in gradually till all the muriatic 
acid falls down as muriat of filver, after which 
the clear nitrous acid may be confidered as pure, 
or what is better, ihould be rediftilled. 

The manufacture of this acid in the great 
way Is now performed with equal fimplicity in 
this country and with the fame materials. The 
procefs is the following ; rough nitre is firft 
recryftallized, then the cryftals are put (without 
pounding) into a large glafs to whieh is 
added half the weight of fulphuric acid ; a glafs 
pipe is then luted to the body and made to 
communicate with an empty receiver, and from 
this by three or four more pipes with other 
receivers half full of water, but in this cafe 
the pipes do not dip in the water. Heat is 
then applied, and the ftrong acid condenfes in 
the empty receiver, whilft the acid vapour unites 
with the water of the others, forming the com- 
mon aqua fortis. To purify the ftrong acid 
from the muriatic, the folIov:!r^g fimple method 
is found fufiicient : a fmall quantity of diftilled 
water is added to feveral pounds of the acid, 
which caufes a great produdiion of heat and a 
fudden guft of nitrous fumes, and in thefe fumes 
all the murjatic acid efcapes, being more volatile 
than riie nitcic acid. By fubfequent boiling the 
reft of the. nitrous vapour is got rid of, and the 
acid that remains is a nearly pure nitric acid, 
of about 1.5 fpecific gravity. The refiduary 
fulphat of potafh is moftly fold to the alum- 
makers in Scotland. 

The furnace and apparatus of an aqua-fortis 
diftiller confift chiefly of a long iron trough 
filled with fand, in wnich the retorts are buried 
in two rows, ftandiiig back to bacls^^nd 
under which is a long brick furnace tonSat^ 
the fand. Each refort has its own receiver. 
Sometimes inftead of glafs retorts, very thick 
iron pots are fubftituted with advanUge. Tht ^ . 
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laft a very confidenble dme befere they 
are fo much worn as to be unfcrviceable* 
Nitrous acid U alfo prepared in the lartt way 
in fome countries by diftilHng nitre and clay» 
fometimes nitre and martial vitriol. The ap- 
paratus for both is \he famCf namely^ laige 
earthen pear-fhapeil pots^ an which the materials 
are heated, and earthen globes for receivers. 
The pots are ranged in a long furnace in^ a 
double row, as already deferibed. When clay 
is the material ufed a harfti vitriolic clay ia 
^{jed^ed, which is firft well dried in a fmall 
' oven, then beaten to rough powder and lifted. 

About five parts of nitre are taken to twelve 
^of the clay, and when well mixed, the mafs is 
wetted eidier with water or with the weakeft 
acidulous phlegm of former diftillations. The 
mixture is then put into the pots, and the fire 
is kindled and kept up with thofe precautions 
which pra£tice alone can teacht and the diftiHa- 
tion continued till all the acid has come over^ 
and the pots are nearly red hot. The acid pro- 
cured in tliis way is generally pretty good, ^t 
muft undoubtedly be much weaker than when 
made with fulphuric acid and nitre, fince it it 
not uncommon to obtain nearly as much nitrous 
acid as the weight of nitre employed. Indeed 
it is obvious that it muft contain all the moif- 
ture originally left in the clay, as well as that 
employed in the mixture of me clay and nitre* 
The affinity that afts here in the produdlion of 
the acid, muft be that of the clay for the alkali 
of the nitre, when ftrongly heated. Befides this 
' the cl^s ufed are confiderably vitriolic, which 
alfo affifts in the expulfion ot the nitrous acid. 
The refidue in the retort is a hard half-fufed 
earthy mafs . y)w J umed to a deep red (owing 
-to* the com^eat oxydation of tlie iron of the 
clay) and confiding of all the earths of the 
clay, the alkali of the nitre, and a little fulphat. 
of potafti, which laft may be feparated by boiling 
water. This refidue is called cement earth of 
aqM fortis^ and is only ufed as a red earth in 
ftatning tifes,, bricks, &c. 

The procefs for making aaua foitis by martial 
vitriol (which is a very good method and much 
ufed on the continent) * is very fimple. The 
vitriol is firft calcined tin it £dW into a white 
powder, by which it lofes nearly half its weight 
of mere vrater> but little or none of its acid. 
The calcined vitriol is then mixed with about 
its own weight of pure nitre, and the mixture 
u ^ut in fome works, into earthen, in others 
in iron pots, to which glafs> receivers are well 


luted (but vrith a final! vwbh i ^ ^ ler Aedi# 
condenfible vapour to efcape wieii ependll)* 
and the fire is gradually raifed to rednefs diifhiK 
which the acid diftills over. In this as in other 
diftillations of this acid a fat lute made of clay 
and linfeed oil is generally employed. The 
acid procured in this method is more ruddy and 
fuming than in any other, fo as to be almoft 
brown and opake, and in the procefs the receiver 
is often found ftarred with cryftalline rays^* 
which again melt down. Thefe are probably 
fulphuric acid driven off by the violence of the 
heat and fatumted with nitrous vapour, which 
(as will be elfe where mentioned) renders thie 
acid cryftallizable. The refidue olthis diftilta- 
tion is a mixture of fulphat of potalh and red 
oxyd of iron, which is eafily got out unkfs the 
nitre was mixed with common fait, in which 
cafe it adheres very clofely to the veflel. The 
fulphat of potalh is got out by lixivation 
with hot water, and the infoluble refidue is a 
perfc£t oxyd of iron of a blood-red colour, 
called coleethar^ and when well wafhed and lifted 
is much ufed by the looking-glals makers t<^ 
polilh their mirrors. 

Other fubftances areoccafionally ufi^ to difi> 
engage the nitrous acid from nitre, where they 
can M procured cheap. Sulphat of magnefia » 
very uleful for this purpofe, and in the neigh- 
bourhood- of falt-works it mzy be fometimes 
obtained economically in fumcient quantity. • 
In this cafe there appears to be firft a double 
decompofition of tne in^edients, by wliich' 
fulphat of potalh and nitrat of* magnefia are* 
produced, and then the heat drives the nitric 
acid off, fo that the refidue contains both fulphat 
of potalh and uncombined magnefia. It is nrom- 
very few other fubftances however that the 
nitric acid can be expelled by heat' undecom- 
pofed, for when the nitrated alkalies and moft 
odier nitrated earths are heated, the acid ie 
decompofed almoft at firft, and the produAs 
are, not nitric acid, but the elements of this 
acid difunited. Hence it is that nitre alone 
cannot be made to yield its acid by heat. 

The diftillingvemis are made either, of . glafs, 
or earth, or iron. The former is undoubtedly 
the belt material, but is expenfivc and liable to 
accidents. Iron retorts wnen made very thicks 
at bottom laft a confideraUe time,. but tne acid, 
gradually a As upon them and produces much 
red nitrous vapour, which caufes theac|d to be 
always exceinvely fuming and Ingh-coloured*. 
In fome parts of W irtemb^ it appears that Aey/ 
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hive « ^y .of liirfng the iron pots with an 
enamel glaziit|f, Which mult unite all the advan- 
tages of iron and glafs. 

# * # * 

Nitric acid with its varieties and combinations 
has been the fubje£t of more laborious, pro- 
found, and various chemical refearch than per- 
haps any other fubltance that has ever occupied 
the chemilt: and it is well entitled to this 
attention on account of the readinefs with 
which it is decompofed, and the great alGllance 
which as a chemical reagent it affords in the ana- 
lyfis of almoft every other fubifance in nature. 

From the admirable refearches of Scheele, 
Cavendifh, Prieftley, Lavoifier, Berthollet, Davy 
and many others, we have now acquired a toler- 
ably accurate idea of the nature and combinations 
of this acid^ though fome important points ftill 
remain uncertain. 

The appearance and colour of this acid vary 
confidcraoly: in one ftate it is perfed^ly limpid 
and colourlefs, and when poured out fends forth 
whitifh pungent fumes: it is then properly called 
Hitric acid. In another ftate it is yellow orange 
or fometimes of a dark red, emitting copious 
red fumes, when it is termed in modern nomen- 
clature Nitrous acid. 

Lavoifief was! of opinion that the difference 
between thefe two acids confifted in the degree 
of oxygenation, the former beiM the moft, the 
latter the leaft oxygenated. This diftindion 
however, though in one fenfe it expreifeS the 
fad, is not perfedly accurate, fince it will be 
fecn by numerous experiments to be prefently 
related, that the nitric acid becomes converted 
into the nitrous fimply by abforption of nitrous 
gas without any obvious difference in the degree 
of oxygenation of the nitric acid itfelf, and 
confequently when either acid is faturated with 
an alkali the refulting fait is the fame in both, 
and not a more oxygenated fait with the nitric, 
and a lefs oxygenated with the nitrous, as would 
happen were the acid itfelf different in each. 
Therefore though the adual quantity of oxy- 

S n is greater in a given weight of nitric acid 
an- in the fame w:eight of nitrous acid, and 
though they are both compofed of azot and 
oxygen, there appears to be only one ftate of 
oxygenation of this acid, and the nitrous gas 
which makes the difierence between the nitrous 
and nitric acids muft be here confldered as 
doing little more than diluting the acid, and 
thus diminifhing the adlual quantity of it in a 
jjiven weight. 


. Pure cdlburlefs nitric acid is invariable iir iti 
compofition as far as has hitherto. been found, 
and no other varieties of it are produced in 
dlftillation than what arifes from the quantity 
of water with which it is diluted, and with 
which it will mix in every proportion. 

Nitrous acid on the other hand exifts in an 
indefinite number of varieties according to the 
quantity of nitrous gas which it contains, which 
laft again is regulated both by the quantity of 
water prefent, and by the temperature. There 
is however a point of faturation of nitric aoisL^ 
with nitrous gas, at which it affumes a blue- 
green colour. With lefs quantities of nitrous 
gas the colour is green, olive, red, and yellow. 
The degree of dilution with water however 
much influences the colour of the acid. 

There is another form of acid which alfo 
requires particular notice, and it is that ^hich 
Dr. Prieftley in his moft admirable refearches 
on this acid called Nitrous •uapour. It is nitrous 
acid In the form of red vapour, and confifts of 
nitrous gas holding nitric acid in folution. It 
is produced in feveral methods ; for example, 
if to nitrous gas be added oxygen gas, a red 
cloud is formed, which, if the gaffes be con- 
fined over water, is readily abforbed, but if no 
water be prefent it remains as a permanent gas, 
and this is nitrous vapour. It is alfo expelled 
from the fuming nitrous acid by heat, and it is 
produced during the folution of bifmuth, and 
fome other of the metals in nitric acid, where 
the aflion is very violent, the nitrous gns al- 
ways generated in thefe folutions, her^ diflblv- 
ing and carrying up a portion of the acid. 

Nitrous gas therefore when in large quantity 
has a ftrong tendency to :he 

and this is more powerful in proportion to its" 
concentration, or inverfely as the water which 
it contains. The proportions of iiitrdus gas and 
nitric acid in nitrous vapour vary confiderably. 

There are four diftind fubftances con- 
cerned in the fubje£l of nitric acid, namely: 
Nitrous gasy (whofe properties have been partly 
deferibed under the article Eudiometryy and 
will be further noticed in their place,) Nitrous 
vapoury or a gafeous combination of nitrous gas 
and nitric acid. Nitrous acidy compofed of 
nitric acid, water, and nitrous gas in varying 
proportions, and Nitric acidy or the pure tatu- 
rated foVm of azot and oxygen^ rendered liquid 
by union with water. Another combination of 
thefe elements. Nitrous oxyd or ^fcous oxyd of 
azoty {dephlogjfticated nitrous air of Prieftley; will ' 
be feparately deferibed, and its properties need 
hot here be .confidercd. 
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• • VTt fiull firft mention fome circomflrances 
diat occur during the di/llllation of nitric acid 
that aflPeffc the nature of the produ£^. If the 
acid that comes over be examined at diderent 

E eriods of the diftillation, the firll portion will 
ave the. greatefl: fpecific gravity and alfo the 
leaft colour. Dr. Prieftley** has an experiment 
to this purpofe. On receiving the acid at four 
timeSf the firft produce was very pale, and 
heavier than the fucceeding portions, efier- 
vefeed violently with Vater, emitting red fumes, 
jifihe fecond part of the produce was ftill paler, 
and alfo* efFexvefeed with water. The third 
part was blown, and mixe4 with water quietly: 
the fourth was of a deep orange colour. Prouft 
has given the following experiments on this 
fubje^. A pure nitric acid was prepared by 
nitre and fulphfiric acid which gave no precipi- 
tate with nitrat of barytes, and therefore con- 
tained no fulphuric acid. This was boiled to 
expell fome of tlie fuperfluous nitrous gas, after 
which it remained yellow, and of the fpecific 
gravity of 1.52. 'Ihc fame acid being again 
cliftilled, the firft produ£t was 1.5 1 fp. g. and 
lefs yellow: the fecond produ£l which was ft ill 
paler was alfo 1.51, but the remainder in the 
retort which was quite colourlefs, was only 
1.47. It may be oblervod that the ftronger the 
acid is the lels heat it requires to be volatilized. 
Mr. PercevaM found on diftilling two pounds of 
nitre with one of oil of vitriol and dividing the 
produfl into three equal parts, that the fiift 
portion was 1.404 fp- gr. the fecond 1.485, and 
the third 1.442. 

From thefe experiments it is fhewn to be 
impoffible to concentrate the nitric acid by 
when the moft concentrated 
ucid is required, very dry nitre and itrong 
fulphuric acid muft be ufed, and the firft product 
fet apart. Mr. Kirwan^ found that the ilrongeft 
acid he could procure was 1.5543 fp. gr. at 60® 
It was yellowift) red, and excclfively fuming and, 
volatile. This laft circumftance is owing to the 
finall quantity of water contained in the mate- 
rials before diftillation, as Dr. Prieftley had 
aUb remarked, for the quantity of nitrous gas 
. wluch nitric acid is capable of difiblving is 
kiverfely in proportion to the water it contains. 
Hence it is that even a concentrated pale acid 
f which however ftill holds much nitrous gas in 
awlution) wilt give out copious red fumes of 
nitrous vapour on dilution with water. 

. The effedis of heat on nitric acid are cisriovs 
^and Interefting. Dr. Prieftley was the fi^ 
examined this fub^d^ udth accuracy many 
sn Air, vel.i. • Joiasl ic Tom. 


of his experiments deferve particular mentioi^. 
In moft of them the acid was iiiclofed in glafs 
tubes hermetically fealed by melting the end of 
the glafs by which all adiion of external fub- 
ftances was prevented except heat and light 
which could permeate the glafs. Some ftrong 
nitric acid of a pale yellow was put into a glaft 
tube four feet long and one third of an indi ia 
diameter, the fpace occupied by the acid being 
about two inches of the tube, and the open end 
through which it was introduced uas clofed 
hermetically. The tube thus prepared was 
held in the nand at the empty end, and the other 
prefented to a common fire. The firft efTedk 
was the acid afluming an orange colour through- 
out, after which an orange-coloured vapour 
appeared above the fuiface of the acid and 
gradually afeended higher in the tube, at the 
fame time that the acid grew paler and at laft 
was left again colourlefs. The red vapour rofe 
higher and higher in the tube as the heat was 
continued, leaving a confiderable fpace between 
it and the acid, lometimes as much as ten or 
twelve inches of the tube, quite tranfparent* 
On continuing the heat however the quantity 
of vapour increafed and the colour deepened. 
It was then removed from the fire, when the 
red vapour prefently defeended to the furface 
of the colourlefs acid, and entering into it 
communicated the orange colour. The acid 
however cid not feem to be more coloured than 
at firft by this procefs, but on repeating it wiA 
the fame tube for many times, and boiling it 
for a conhderable time the vapour changed fro<n 
orange to green, and the acid remained perma- 
nently of an orange-red. 'Fhe effeft of heat 
upon the coloured acid is quite the reverfc of 
that on the nitrous vapour, for when the vapour 
is heated its colour always was found to deepen 
to a dark orange-red, whereas the coloured 
acid becomes pale and limpid. If the moft 
coloured acid be boiled in op^n veiTels fo as to 
allow the efcape of the nitrous vapour, it r<»- 
mains pale after it is cold, but in clofed tubes 
(as above related) the vapoyr generated by the 
heat and confined over the furface of the acid, 
is (i» part at leaft) again abforbed on cooling, 
and im|)arts its own orange colour. 

That the effeft of heat is a£lually to expell 
the vapour from the acid, is proved from the 
circumftance that when a part of the tube was 
• foftened by heat, the prefliire of the vapour 
within burft throuph the glafs at . that pa^t. 
.The degree in which the acid is coKnpreQed by 
the nitrous vapour, or (which is the fame) the 

49, p. Tranf. ir« * 
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of denGtjr of the nnont, much afiede 
the ccAouring of the acid« lo that other thingt 
being the fame* the acid will afliime a hip£t 
colour when heated in a fliort tube than m a 
loM one where the vajpour can' expand. 

The conta£b of air was not found at all 
aiecefla^ to the colouring of nitric acid^ for 
on connning fimrate portions of acid in tubes 
with different (pecies of air and in racuo^ and 
applying an equal degree of heat to allp they 
all affumed nearly the fame (hade of colour in 
a time. 

The fmalleft' quantity of combuftible (or 
phlogiftic} matter will almoft immediately ren- 
der pale nitric acid high coloured when added 
to itf and the fame change takes place in a ihort 
time even when the matter is only contiguous 
to itf as for example when the acia is kept in a 
{dual Hopped with a cork. 

Fuming nitrous acid is made colourlefs by 
Ample expofure to the air, but this feems to be 
ofie£led tolelv by the great dilution which it 
gradually undermes from the water which it 
abforbs from uie atmofphere. Thus Dr. 
Prieftley found on expoline a glafs tumbler 
containing fome of die acid to this open air, 
riiat in a day or two it became colourlefs, and 
for feveral months it gained weight notwith« 
ftanding the lofs which it muft have undergone 
by evaporation, till it had acquired double its 
eriginad weight, and of courfe was proportion- 
ally dilute. 

Light alfo has a fimilar effeA with heat in 
colouring pale nitrous acid, which, as the 
fame excellent obfenrcr.has remark^, takes 
place in a few days, but it appears to z€t only 
on the vapour of the acid, for even the 

E left acid when concentrated is conftantly 
idifig forth a vapour which is at firft colour- 
lefs, and this vapour when coloured hj the 
fight feems to read on the acid and to a 
fimilar change. Light however is not neceflary 
io affift the z&ion or heat fince the fame change 
was found by heating the acid in opake veflels as 
Sntraniparent ones. To prove that the colorific 
nOion of light was exerted only on the vapour 
of the acid. Dr. P. made a quantity of colour- 
lefs acid bv boiling the common yellow add 
luftily, ana letting it dx>l in the dark, and put 
Afferent portions of it in phials, fome of them 
quite full, others only half full and with difie- 
vent {^ies of air incumbent upon them, and 
fxpolM them all to the fun*s rays for a few 
foys. After this time the acid in all the phials 
^ were only half full was confiderablj emour* 

but » tbc full botticf it remained at 


colourlefs. as water. The fame vati 

produced on the vapour when a vacuum wac 
made over the acid as foon.as introduced. Alfo 
on throwing the (trOng light and heat of a lent 
on the upper part of a phial half full of acid, 
the vapour became fperaily coloured, and this 
being imbibed b]r the acid gradually tinged it, 
the colour fpreading from above dovmwards. 

Whenever pale nitnc acid is made to yield a 
quantity of red nitrous vapour there is at the 
Ume time a production of oxygen gas, and 
alfo as appears from Dr. Prieftley's experimeft^ 
m quantity of azotic gas. 

He found on filling ^ tube with the pale acid,, 
boiling it within thb tube and clofing it her-^ 
meticaily when boiling, (in which way aimoH 
eveiy particle of atmolpheric air is excluded by 
the wiling vapour) that after the acid has been 
coloured by heat and red vapour formed, a 
quantity ot air rulhed out ox the tube when 
opened, which was found to confift of a large 
proportion of oxygen and fome azotic gas. 
Thus it appears that oxygen gas and nitrous 
vapour can exift in the fame place and in a 
Hate of conliderable condenfation, without mu* 
tual decompofition. 

The action of heat on nitric acid therefore 
appears to be the following: fuppofing the acid 
to contain no fepaiable portion of nitrous gas 
in folution, the heat appears firft to decompofe 
part of the acid into nitrous gas and oxygen, 
and thefe being expelled as foon as formed, 
carry up in folution a certain portion of unde-, 
compounded acid, and the three together form 
nitrous %9ap0ur. The oxygen however feems not 
to be an eSential conftituent of the vapour jand 
perhaps is only mechanically 
If the acid b clofely confined in a veflel which 
it does not fill, the vapour remains un- 
changed in the empty fpace above the act4, 
and when the heat is withdrawn, a portion of 
it (more or. Icfs according to the denfity and 
elanicity^ is again abforbed by the acicl and 
renders it coloured. A part at leaft of the 
oxygen gas remains in the gafeous ftate un- 
altered, but it is by no means improbable that 
as foon as the heat is removed, another part of 
oxygen may again combine with the nitrous 

K i which it had quitted and return into the 
dy o f acid. 

Vnietn pale nitric acid is enclofed in veffels 
which it entirely fills it is probable that no 
eemtinuance of heat could render it coloured, 
for as the colouring is owing to its diflblviM 
nitrous gas,' and as this gas cannot be fomiM 
witbotit the previous decompofition of a porti^ 
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ef aeU and ^mduQk>n of oxygen gas, where 
no room U aiibrded for the efcape of oxygen in 
its proper gafeoua form, its produflion mult be 
prevented.^ But on the other hand tlie narrow- 
er the vacant confined fpace is, above the acid, 
the more fpeediiy will it become faturated with 
nitrous gas, owing to the conftantly accumu- 
lating preflure of tne oxygen gas above it. 

>TKe effeA of heat on nitric acid already 
fatnrated with nitrous gas, or in the coloured 
fuming Hate, and unconfined^ is limply to ex- 
>.peU the nitrous gas^ And a portion of the acid in 
the form of nitrous vopour, and thus to leave 
the acid pure and c^^i^els. 

The more conceitoate<£ the acid is the great- 
er is the quantity ox nitrous gas which it will 
abforb, and at the fame time the ealier will 
it again give out the gas when heated. 

. It may appear contradiflory to experience 
that nitrous gas, which in its natural Hate is fo 

g eedv of oxygen and unites with it fo readily, 
ould appear to mix with it in combination 
with vaporized nitric acid without contra£ling 
any union Mrith it. It is by no means impro- 
bable however that this is onlv during the 
application of heat, which is conltantly obferv- 
ed to counterafb the chemical union of gafeous 
bodies, and belides, the prefence of the acid 
vapour may operate in preventing this union, 
for it does not necellarily follow that the 
affinities of nitrous gas faturated with acid 
vapour Ihould be the fame as limple nitrous gas. 

The union of nitrous gas with nitric acid both 
diminilhes its fpecific gravity and gives it a 
prodigious tendency to volatilization, and as 
will appear from feme experiments which will 
J'^;;^frJ='^Jv-m-^tioned, this acid may be totally 
dillipated in red nitrous fumes when the quan- 
tity of nitrous gas or vapour is excefliye. 

The compolition of nitrous vapour is certain- 
ly various, and it may exill with an excefs either 
of oxygen or of azot according to the way in 
which it is -procured, and by this Berthollet 
explains feveral apparent contradi^ions in its 
phenomena. 

The analyfis of nitrous vapour is extremely 
difficult, owing to the impolTibility of confining 
it unaltered in jars by any known fluid, as it 
a£ts powerfully on almoft every fluid in nature. 
Dr. Irrieftley made many attempts to procure it 
in quantities and tolerably unimrm in its epm- 
poGtion. He. found it produced readily by the 
rapid folution of bifmuth in nitric acid, but the 
method on the whole the mod convenient was, 
to diflblve lead in dilute nitric acid, and evapo- 
mte the folution tp^cpmpl^avdrynefs. This 
VOL. U« 


left a white nitrat of lead^ which when put into 
a fmall glafs tube or retort and heated drongly 
gave a large quantity of red nitrous vapour in 
conGderable purity. Tliis fpecies of nitrous 
vapour however feems to differ from that pro- 
duced by the fuper-faturation of nitrous gas 
with oxygen confined by mercury, and from that 
produced by heat from nitric acid, for this 
from the nitrat of lead abforbs oxygen from the 
air in the fame way as common nitrous gas 
only not fo rapidly. It is with this nitrous 
vapour that Dr. Prieftley made many experi- 
ments on its abforption by diflerent bodies, 
fome of which are as follows: 

Water impregnated with this vapour was 
increafed one third in bulk, and in this date 
when left at red was condantly again exhaling 
the vapour with great force fo that it could 
with difficulty be kept in ciofe-dopped phials. 
The colour was bluifh green. On pouring a 
little into a glafs and mowing away from the 
furface the red vapour ifluing out, the colour 
of the liquor gradually changed to pale yellow 
like common nitrous acid, and it was in every 
refpe£l limilar to this acid. The acid made in 
this way is alfo purer than the common fpirit 
of nitre, as it contains no admixture of muriatic 
acid. 

Oils abforb this vapour readilv and in gene- 
ral are diffened and coagulated, as will be 
further mentioned under the article OiL 

Sulphuric acid abforbs nitrous vapour. On 
putting a little of the acid into a phial full of 
the vapour and lhaking it for a time, the red 
colour of tlie air difappeared and a vacuum was 
formed above the acid, which lad became of a 
light blue colour exhaling a white vapour. On 
putting fome of this acid into a glafs and gently 
pouring water on it no change was obferved 
at fird, but on dirring the mixture great heat 
was excited, and a vad quantity of red vapour 
was expelled with vehemence. The acid after 
this feemed to have lod all that it had before 
abforbed and to be merely fulphurle acid diluted 
with water. When concentrated acid is fully 
faturated with nitrous vapour and fuflered to 
remain at red for a time it crydallizcs, as will 
be further mentioned under the article Sulphuric 
acid. 

• The muriatic acid alfo abforbs the nitrous 
vapour and in confequence alTumes a deep 
orange colour, but without much increafe 
bulk, and is converted into a very powerful 
nitro^muriatic acid or aqua regia. 

. Having thus given a Ihort abdraA of fome 
pi Dr. Fricdley’s^mpd important experiments 
X 
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: mi nitrous acld^ we proceed to mention others 
by which it has been attempted to afcertain the 
eaaA propordon of the conftituent parts of nitric 
acid and its feveral modifications. 

Chemiftry is indebted to Mr. Cavendifli for 
the important difcovery of the true nature of 
nitric acid; this eminent philofopher having 
compofed the acid by palfing the eleAric fpark 
for a vaft number ot times through a mixture 
of azotic and oxygen gafles^ and thus demons 
ftrated that azot is its radical or balls.* 

The apparatus employed in thefe interefting 
experiments confifted of a glafs tube bent in 
the form of the letter which after being filled 
with quickfilver, was inverted into two glafles 
of the fame fluid. The air to be tried was 
then introduced into one of the legs of the tube, 
and in the other were thrown up tell liquors, or 
other fluids as required. A communication 
was then made with a powerful ele£lric ma- 
chine, fo as to take fparks fuccefllvely through 
the air in the tube. Common air alone was 
fir ft tried (which confilts of about 77 per cent. 
of azot and 23 of oxygen) and litmus liquor 
was introduced in contact with it up the other 
leg of the tube. On palling the fpark through 
it repeatedly. the litmus liquor acquired a red 
colour, and the air was diminilhed. When 
lime-water was introduced inltead of the litmus, 
not the lead turbidnefs was perceived, though 
the air went on diminiihing to two-thirds of its 
original bulk. A mixture of azotic and oxygen 
gafles was then tried, and the lime-water as 
before remained clear, but on adding ammonia 
a brown fcnliment appeared. This confided of 
carbonat of lime mixed with a little mercury, 
which the ele£tric fpark had oxydated, and 
hence both the lime and the mercury mud have 
been diflblved in the water of the lime-water, 
by fome acid, which acid was afterwards proved 
to be the nitric. 

Mr. Cavendifli afterwards found that the 
prpdufrion of nitric acid from thefe two airs, 
was much hadened by eleftrizing them in 
conta£fc with a fubdance for which the acid 
when formed has a great affinity, and accord- 
ingly foap-lees or caudic potafli was ufed. 

One leg of the tube being filled with a mixture 
of azot and oxygen, and the other with the 
alkaline folution, fparks were taken through the 
air for a great number of times, after which 
the alkaline liquor was found compleatly fatu- 
rated widi acM, and on being evaporated to 
drynefs a firnall quantity of a fait was left, which 
was evidently nitre. In feveral experiments 
• Phil Twi, V«l. bxr. ins larrm. 


however when the eledlrization was continued 
fo long that the acid produced was more than 
fufficient to faturate the alkali, the excefs of 
acid diflblved a little of the mercury by 
which it was confined, and nitrat of mercury 
was alfo found mixed with the nitrat of potafli. 
The particular teds by which die prefence of 
nitrat of potafli and nitrat of mercury were 
dete 61 ed need not be here related ; it is fuffi- 
cient to obferve that they were perfe£dy fads- 
fa&ory. 

From thefe mod valuable, and fundamental 
experiments it is proved, that nitric acid confids 
of azot of oxygen in pu^ain proportions, and 
that the ele^ric fpark capable of making thenr. 
unite in that form and proportion which is 
neceflary to conditute this acid, whatever be 
the aAual proportions of thefe gafles in contaffc 
with the eleuric fpark. Hence too we find 
that nitric acid is always generated whenever 
the eled^ric fpark is taken in the open air. 

The procefs as given by Mr. Cavendifli is 
extremely laborious^ and requires great perfeve- 
rance, as even with a powerful machine, and 
continuing the ele£%rization for feveral days, 
only a very few grains of nitre are produced in 
the potafli folytion. 

Mr. Henryk has given the following very 
accurate dire£fions for performing this experi- 
ment : let a draight tube prepared for ele£lrical 
purpofes, be filled with and inverted over mer- 
cury. Pafs into it a portion of common air, 
or, in preference, a mixture of azotic gas with 
twice its weight of oxygen. Let an iron wire 
lengthened out with one of platina, be intro- 
duced within the tube, fo tnat only' the latter 
metal may be in contaA with 
and let the end of this wire be didant I of an 
inch from the extremity of the upper one. 
Then pafs a feries of ele£iric fliocks through 
the gafibs for feveral hours. The mixture will 
gradually leflen in bulk, will redden litmus 
introduced within it, will give the fmell of 
nitrous acid, and will neutralize a few drops 
of potafli, and produce nitre. 

On. account however of the difficulty of pro- 
curing any tolerable quantity of nitric acid in 
this way, the proportion of its ingredients can- 
not be inferred with much accuracy. Mr. 
Cavendifli did not find any very fatisfa£bory 
agreement in the a£lual quantities of the gafles 
abforbed in the different experiments, but on 
the whole it appears from them, that fomewhaS: 
more than twice as much pure oxygen as azot 
conditutes nitric acid. 

* JBfilsins! ef Chem, E4ift, 
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A very intereftin^ faA relating to the pro- 
- du^lion of nitrpus acid from ammonia and a me- 
tallic oxyd was difcovered in 1 789 by the Rev. 
Ifaac Milner. < The produAion of ammonia 
from nkrous acid and iron in fome circum- 
ftance^ had been before difcovered by Dr. 
Pricftley, which led Mr. M. to endeavour to 
reverfe the experiment^ and produce nitrous acid 
hj the decompofiltion of ammonia by means of a 
.metallic oxyd, when in the a£l of giving out 
oxygen. It was made in the following manner : 
•the middle part of a clean gun-barrel was filled 
with black ox yd of manganefe, rammed in gently 
and in coarfe powder^ Ip as tp admit the paflage 
' of Vapour through^ Tlilp barrel was then made 
red-hot in the middle, and at one end was luted 
a fmall retort filled with cauftic ammonia, 
which was made to boil by a lamp heat, and the 
ammoniacal vapour was thus forced through 
the red-hot manganefe. Nitrous fumes foon 
began to appear at the other and open end of 
the gun-barrel, and a confiderable quantity of 
air was coUeAed whjch was clearly nitrous. 
Owing to the impollibility of exa£kly adapting 
the quantity of alkaline vapour to the oxygen 
which the manganefe is giving out, there will 
be always found a great variety in the gafeous 
'produ^s, but nitrous gas is always given out 
and generally with the ufual appearance and 
fmell of the red nitrous vapour when it comes 
in conta£t with the air. Sometimes however 
when much ammonia is pafling through the 
barrel and but little oxygen giving out, the 
produ£l is a mixture of nitrous gas with am- 
monia, and on coming in contact with air the 
nitrous gas becomes for an inilant red by 
^nitrous vapour, after which it 
ites chemically with the alkali, and the 
receiver is filled with white clouds of nitrated 
ammonia. 

In this interefting experiment the ammonia 
is refolved into its elements, azot, and hydro- 

S en, and the azot uniting with the oxygen of 
le manganefe forms nitrous gas or nitrous 
vapour, according to the degree of faturation. 

Nitric acid when in vapour is decompofed by 
a red heat, and the produfts are very pure oxy- 
gren gas, nitrous gas, or nitrous vapour, or if 
tlie decompolition be compleat, azotic gas. 
To give the vapour of boiling nitric acid a red 
lieati Dr. Prieftley adopted his own ingenious 
method, of heating red-hot the middle of a 

S lazed earthen tube, loofely filled alfo with 
ragments of hard pottery to increafe the red- 
hot furface, and palliog through it the boiling 

f Plia.Tn«r. Volti] 


vapour el:pelled from a quantity of piUe nitrio 
acid heated by a lamp at the other end. Tn 
this way the produfls were a large quantity of 
the pureft oxygen gas and abundance of nitrous 
gas, nitrous vapour, and fome undecompofed 
acid. 

Many other feries of experiments have been 
made b^ Ikilful chemiits, to afeertain the exafk 
proportion of the conftituent parts in nitric acid 
and its varieties. As our limits will not allow 
us to relate them all, we (hall conclude this 
part of the fubje£): with thofe of Mr. Davy, *• 
which yield to none in accuracy, and are gene- 
rally allowed by chemifts to form as near ap- 
proximations to truth, as can be cxpe£bed in 
this peculiarly dillicult and delicate part of 
chemical analyfis. 

The methods ufed to efiimate feparately the 
conflituents of nitric acid, have been the follow- 
hig : By the decompolition of pure nitre 

either by heat alone or by charcoal or tome other 
combultible. But this procefs is attended with 
almoft infuperablc difficulties ; a great variety 
of products are formed in this way, all of which 
would require a feparate analyfis with an infi- 
nite number of precautions and neceflary cor- 
redions, and a portion of the acid is volatilized 
without decompolition. 2<//y. By the immediate 
combination of oxygen and azot, in Mr. Caven- 
diili’s method. But this though fimplcr than the 
former, is nearly impradicable on account of 
the extreme laborioufnefs of the procefs and the 
very fmall quantity of acid product : and ac>« 
cordingly we find no fufiiciently fatisfa£lory 
agreement even in the careful experiments of 
the difeoverer. S^/y. By the combination of 
nitrous gas and oxygen, as in the common eu- 
diometrical trials, and the fubfequent abforption 
of the generated acid Iw a given quantity of 
water. But Mr. Davy found that the refiduary 
azot, which is always mixed with the pureil ni- 
trous gas and oxygen, in whatever way obtained, 
carries with it a variable quantity of nitrous 
acid vapour, of dilFerent compofitioii from the 
acid abforbed, and thus renders the experiment 
inaccurate. The method Mr. Davy adopted 
was, to exhaull a glafs globe of its common 
air, then to throw in a given quantity of nitrous 

§ as, and after it oxygen gas fomewhat more 
lan fufficient to faturate it, then to add water to 
ablbrb the nitric acid formed (and which before 
the addition of the i^ater remained in the ftaie 
of permanent vapour) ; tlien to allow common 
air to enter to take. the place of the condenfed' 
nitrous acid vapour ; then to add ammonia 

I. RcTesrchcit 
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aKorb the acid which the water would not con* 
<lenfe» and thus by fubfequent calculations 
founded on the fpecific gravity of ^ the cades 
ufed and the acid produ A, to find a flandard acid^ 
the compofition of which Ihould be accurately 
known. It will not be uninterefting to give 
in^ a general way the particulars of the ftandard 
experiment, to (hew more clearly the manner 
of edefting it, and alfo the numerous data and 
calculations required to come at the refult. 

. The fird; lira was to afeertain by aftual ex- 
periment the Ipecific gravity of all the gades 
to he employed. The nitrous gas Was procured 
from a folution of mercury in nitrous acid, and 
its purity tried by agitating a fmall portion with 
a folution of fulphat of iron, by which the whole 
of the nitrous gas was abforbed, and nearly all 
the azot mixed with it was left: loo cubic 
inches of pure nitrous gas were found to weigh 
34.3 grains at 56® therm« and 30.9 bar. The 
oxygen gas was obtained from oxyd of manga- 
nele by fulphuric acid, and its purity tried by 
nitrous gas and fulphat of iron. Hence 100 
cubic inches of pure oxygen gas at the above 
heat and predure, were found to weigh 35.09 
grains. The azotic gas was obtained from the 
refidue of common air after the oxygen had 
been abforbed, and 100 cubic inches weighed 
39.43 grains. Laftly the atmofpherical air of 
the laboratory was analyfed, and 100 cubic 
inches of it weighed 31.9 grains. The experi- 
ment was then conduced in the following 
manner. 

A glafs balloon with a ftop-cock, of the capa* 
city of 148 cubic inches, was taken for the 
purpofe of combining the gafles. The whole 
weight when full of common air was 2066.5 
grs. It was then partially exhaufted by the air 
pump, till it loft 32 grains, fo that 15 grains of 
air remained in it. After this 82 cubic inches 
of nitrous gas were thrown in, which made the 
outfidc of the balloon fenfibly hot, and produced 
an orange coloured vapour within. Some com- 
mon air then entered accidentally, the weight 
of which was noted. Then 70 cubic inches of 
oxygen gas were introduced, whereby the heat 
was increafed and the. colour changed to a very 
dark drange. To abforb the nitrous acid 
formed, 41 grains of water were introduced, 
by which the dark orange colour rapidly dimi- 
niihed and foon difappeared. To afeertain the 
quantity of vapour condenfed by the water, 
the vacuum produced thereby was filled with* 
common air, of which 51 cubic inches, pr 16.5 
grains, ruihed in. The acid liquor in the globe 
(produced by the water and ^e acid vapour 


which It had condenfed) waa then emnllne(f,i 
and was found flightly green, and of I*3oc 
fpecific gravitv. 

To find wnether any unabforbed nitric acid 
remained in the veflel, 13 grains of liquid amk 
monia were added, which produced a white 
cloud with the remaining acid vapour, after 
which all the refidual gaffes were difplaCed by 
common air. The balloon was weigned fifter 
every procefs. By calculations from the above 
experiment it was found that 57 cubic inches of 
acid gas were formed, weighing 40.56 grains ;« 
this was compofed of 27.6 grains, or 80.5 
cubic inches of azotv-^4^ 12.96 gi'dins, or 
6.9 cubic inches of oxygeiv'vrhich, condenfed 
y 41 grains of water, produced an acid of 
1. 30 1 ipecific gravity. Therefore, reducing 
the whole to centenary proportion, 100 cubic 
inches of aeriform nitrous acid (or nitrous ga> 
faturated with oxygen and excluded from the 
conta£t of water or any other fubftance that 
could upon or abforb it) at temperature 
55° and 30.1 bar. weigh 75.17 grains. 

. Secondly: 100 grs. of this gaileous acid are 
compofed of 68.00 nitrous gas and 3 1 .94 oxy-^ 
gen ; or (aifuming that 100 parts of nitrous gas 
confift of 55.95 oxygen and 44*05 azot, as will 
be mentioned under the article nitrous gas) of 
about 30 azot and 70 oxygen. 

Thirdly, 100 grs. of a pale green folutioa 
of this acid in water, of 1.301 fp. gr. are 
compofed of 50.62 water and 49.38 acid. 

A ftandard acid of known compofition was 
thus obtained, but it was dilute, and many of 
the fubfequent experiments were to be per- 
formed on the concentrated acid. But as there 
is no known method of concen4«aJba^.:i;v>-^*V^^ 
acid without partial decompofition, Mr. D. was ^ 
obliged to make a dilute acid compofed of a 
given quantity of the ftrongeft yellow; acid of 
1.5 fp. gr. and water, which ftiould as nearly 
as poflible refemble in weight and colour the 
ftandard acid produced by tlie union of the 
gaiTes. This after many trials in a fmall gra- 
duated glafs tube was found to be efFe£led by 
combining at 40^ therm. 90 grs. of the yellow 
acid of 1.5. fp. gr. with 77.5 grs. of water, 
and hence the compofition of the above yellow 
acid was inferred to be, in 100 grs. 91.9 of true 
nitrous acid (or fuch as exifts in the aeriform * 
ftate faturated with oxygen) and 8.i grs. of 
water, fuppofing the relative quantities of oxy* 
gen and azot to be the fame in each. 

But on the other hand the acid of 1.5 here 
ufed was the yellow or nitrous acid, and it be-* 
came a further queftion to afeertain the precife 
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Hffetence 'between tbis and the ^pali nitric acid 
of the fame fpecific gravit]|^. This was attempted 
by heating tne yellow acid; whichf~ as already 
mentioned in this article, drives the fuperabun- 
dant nitrous gas out of the acid and leaves it 
pale and' colourlefs. One hundred and fifty 
grains of the yellow acid of 1.5. fp. gr. were 
put in a fmall matrafs widi a curved tube; and 
on the firft application of heat the colour 
changed to a deep red. In a (hort time a red 
vapour appeared in the tube and was conveyed 
into a noted weight of water by which it was 
abforbed, giving the vrater a bright green co- 
lour. . By continuing the heat the acid became 
pale, and when cold was weighed and had lofl: 
15 grs. but its fpecific gravity was lejfened to 
1.491 cubic inches of nitrous gas were 

collc£ted that had pafied through the water un- 
abforbed. This experiment however was found 
inconclufive, fince the nitrous gas expelled from 
the yellow acid in the procefs of its converfion 
to the pale, had carried olF with it in the form 
of nitrous vapopr a portion of acid difiblved in 
the gas. It was necefiary therefore to refort to 
the fynthetical method, or that of impregnating 
a given portion of the pale acid with nitrous 
gas. In a proper apparatus 90 grs. of the pale 
acid of 1.504 were introduced and nitrous gas 
was thrown up, whereby the acid became warm 
and the colour changed firfl: to a pale llraw, 
and as more of the gas was abforbed, to a 
bright yellow. By this 8 cubic inches of nitrous 
gas were abforbed* the acid gained 3 grs. in 
weight, and the fpecific gravity was diminifhed 
to 1.5. Thefe data were aiTumed as the means 
of comparing the relative compofition of the 
r y^low acid, both of 1.5 fp. gr. 


The power of abforbing nitrous gas and the 
change produced thereby on the acid was car- 
ried ilill further, and the fame yellow acid of 1.5 
when returned into the apparatus became gra- 
dually, as the gas palled into it, dark orange, 
light olive, dark olive, then of a muddy green, 
and laftly a blue green. This was the utmoft 
change that the acid could alTume, after which 
the nitrous acid appeared to pafs through the 
acid unaltered. Tiie increafe of weight was 
only I grain and the fpecific gravity of the acid 
was now only i .474. On account however of 
the large quantity of nitrous gas which palled 
through unabforDed, and the acid which was 
volatilized along with it, no accurate dcdu61xons 
could be drawn from the experiment, except 
the great and fucceffive changes of colour and 
the great diminution of fpecific gravity. A 
quantity of this blue green acid faturated with 
nitrous gas was then put into a fmall glafs ap- 
paratus and llowly heated, when the nitrous 
gas was again given out with rapidity and the 
acid paired back through the fuccellive colours 
of green, olive, red, and orange, to a perfeflly 
colourlels Hate, and when cold its fpecific 
gravity was then increafed from 1.474 to 1.502. 
The quantity of blue green acid ufed was 94.25 
grs. and it had loll 31 grs. in pafling to the 
colourlefs ftate. The inferences from thefe 
and many other experiments (which from their 
complicated nature, and the numerous correc- 
tions required, on account of the folubility of 
nitric acid in nitrous gas are only given as ap- 
proximations to the truth) and the relative pro- 
portion of ingredients in the different varieties 
are given by Mr. Davy in the following tabular 
form. 


100 parts 

Sp. Gr. 


Nitric 

Acid. 

Water. 

Nitrous 

Gas. 

Pale nitric acid - - - 

Yellow nitrous - - - 
Bright yellow - - - - 

Dark orange - - - - 

Light olive ----- 
Dark olive ----- 
Bright green - - - - 

Blue green ----- 

1.504 

1.502 

1.480 

1.479 

1.478 
[ **47*^ 
*•475 

i 

^ "1 

0 

.H' 

g 

S 

L . 

• 

9‘-55 

90.5 

88.94 

86.84 

86. 

85.4 

84.8 

1 84.6 

OCQOOC 

1 

0. 

1.2 

2.96 

5.56 

6.45 

I'U 

7.76 

8. 


In a ferf nr table the refpeSive quantities of longs to the acid, and not. to the water witit , 
oyy^r.ix a Mfl azot in different varieties of the which it is necellarily combined to. give it at; 
a r ’i? '* iro tb i,. given, but it mull be obferved liquid form*, 
that liio oxygen fpecified is only that which be- . 
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loo parts 


Pale nitric acid 
Bright yellow acid 
Orange coloured 
Dark green - - - 



Azot Oxygen 


2.38^ 

a.344 

2.292 

2.230 



■‘The quantities of true nitric acid (or that 
produced in the aeriform Hate by faturating 
nitrous gas with oxygen) in folutions of differ- 
ent denfities is thus given, being inferred from 
mixtures of the ftandard liquid acid with known 
weights of water. 



The cfilute nitric acids undergo fimilar 
changes by nitrous gas as the concentrated, but 
the quantity of gas which the acid is capable 

abforbing diminifhes in proportion to the 
d^ree of dilution. Mr. D. found that 330 
grs. of acid of 1.36 fp.gr. became blue green 
after cubic inches of gas had been paflcd 
through it, anil the fpecific gravity was ieflened 
to 1.35 !• It had gained in weight but 3 grains 
and when heated only 7 cubic inches of nitrous 

There is a difficulty in accounting for all tlie 
changes of fpeci/ic gravity in the experiments 
above mentioned. Nitric acid undoubtedly 
iofes fpecific gravity by abforbing nitrous gas, 
and by a direA experiment a pale acid of 1.504 
was reduced to i .474 by compleat faturation 
with the gas. And on the other hand the fame 
acid of 1.474 after being, heated and brought to 
the Hate of the pale x(itric returned to tlie 
fpecific gravity of 1.502 or nearly to its original 
weight. But on the other hand the yellow acid 
of '1. 5 loji fpecific gravity by loffng nitrous gas 
and was reduced to 1.491. Probably £is 
j^^parent contradiflion depends upon vari- 

* Ixifli Tranf. vid. 


able quantity of nitric acid united with the 
nitrous gas m the form of nitrous vapour, in 
which it always exifls when expelled from the 
coloured acids. 

Mr. Kirwan in his excellent experiments on 
the flrength of acids purfues the following 
method in eftimating the quantity of real acid 
in folutions of nitric acid of different denfities. 

The fpecific gravity of the moft concentrated 
nitrous acid which he could produce was 1.5543 
in the temperature of 60®. This was highly 
fuming and yellow, and therefore confided of 
nitric acid nolding nitrous gas in folution. 
Uliis lad circumdancc however is neglc£ted. 
He confiders this as the Jlandard acid: and by cal- 
culations which will be given in the appendix 
he deduces the proportions of dandard in 100 
parts of diluter acids whofe fpecific gravity is 
given. Thus for example, 100 parts of an acid 
of 1.473 1 0^' are found by calculation to 
contain 90 parts of the dandard acid of 1.5543 
and 10 parts of water. But the dandard itfelf 
is a mixture of water with an unknown quantity 
of real acid, and to determine this quantity Mr. 
Kirwan purfues the following method which is 
applied {jnutatis viutandis) to the other acids. ^ 
Fird, a known quantity of alkali is faturated 
with an acid whofe fpecific gravity is known, 
and whofe proportion of danda ix Ais^ ajJ ^r A '^ ^ fc^W^ 
mined by previous calculation. Then another 
folution is made of a known quantity of the 
fame neutral fait as that produced by the union 
of the acid and alkali employed, and botlv folu- 
tions are brought to the lame fpecific gravity hy 
adding water to the hcavied. This gives two 
folutions which may be prefumed to hold equal 
quantities of neutral fait, and the quantity of 
ready-formed fait in one of the folutions is 
known by aiffual experiment, and the quantity 
of alkali and dandard acid required to make 
this quantity of neutral fait in the other folution 
is alfo known by experiment. From thefe data 
the quantity of real acid in the dandard may 
be readily inferred, underdanding by the term 
reai acid an acid of the degree of concentration 
that exids in the dry neutral fait combined with 
the alkali. An example will render this clcai^ • 

iv.p. irvidjj. 
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to tlie reader. A quantity of concentrated foda 
'Was heated to rednefs in a (liver crucible where- 
by all the water of cryftallization was expelled^ 
and it. was then diflblved in fuch a quantity of 
water that 367 grs. of the folution contained 

50.05 .of the dry alkali. This quantity was 
then faturated with 147 grs. of nitric acid of 
1.2754 fp. gr» and which contained 45.7 per 
cent, or 66.7 of the ftandard acid of 1*5543 Ip* 
gr. The carbonic acid loft by the folution was 
14 grs. fo that the quantity of foda alone in it 

• was 50.05—14, or 36.05 grs. The folution 
was then lowered by water to 1.0401 fp.Tgr. 
which was found by a feparate experiment to oe 
the degree of denfity of water cpntaining TT.Trrr 
of its weight of dry nitrated foda. The ftr(l; 
folution weighed 1439 grs. and hence it muft 
have contained -f-4-.%-%T=8S'*4^ grs. of nitrated 
foda. The quantity of foda employed was 

36.05 grs. and 'the quantity of ftandard acid 
was 66.7 and the fum of thefe is 102.75. But 
of this quanti^ only 85.142 entered into the 
combination of the (alt and therefore the diffe- 
rence between 8C.142 and 102.75, or 17.608, 
muft have been the mere^ watery part contained 
in the 66.7 grs. of the ftandard acid. Therefore 
100 of the ftandard acid contain 26.38 of water 
and 73.62 of real acid or fuch as exifts in com- 
bination in dry nitrat of foda: and 100 parts of 
this fait contain 42.35 of alkali and 57*65 of 
real acid, which is equivalent to 78.33 of the 
ftandard. 

In thefe experiments on nitric acid it becomes 
a queftion to determine how far changes of 
temperature afFe£k the fpecific gravity. Mr. 
Kirwan found that the ftrongeft acid was the 
’ by heat and contra£led by cold. 
From the refult of many experiments he finds 
that on an average the variation of fpecific 
gravity for every (ingle degree between 60® and 
70® in an acid whofe denfity at 60® is from 
1.3 to 1 .4 is .0005 and for the variation between 
44® and 60® is .0064. An acid of 1.263 ^P* 
gr. at 60® gains lofes for every degree between 
60® -and 70® .00043, and for every degree be- 
tween 60 and 45® the variation is .00036. 

'rhe affinities of nitric acid for the alkalies 
and earths are in the following order, barytes, 
potalh, foda, ftrontian, lime, magnefia, ammo- 
nia, glycine, alumine, zircon. 

lilie combinations of the nitric acid with alka- 
line earthy and metallic bafes, are called Nitrats, 
and will be deferibed in their proper jplace* 

The fame theory that fuppofed the fuperior 
degree of oxygenation of tne pale nitric over 
mtroue acidj has given the term 


nitrites to the falts of the latter acid. But this 
is founded on an erroneous idea of the differ 
rence between the two acids, and of the whole 
imagined genus of nitrites, the nitrite of potafh 
alone has been ever produced, and this not by 
the direct combination of the nitrous acid and 
potafh but by the partial decompofition of 
common nitre. Its properties will be mention^ 
ed under the article nitrite, 

NITRO-MURIATIC ACID. Aqua Regia, 
Koni^affer, Germ. 

Tne term nitro-muriatic acid is not meant to 
defignate any particular acid or modification of 
acid but (imply a mixture of nitric or nitrous 
and muriatic acid, or fometimes muriat of 
ammonia, which when united produce a very 
important agent In many chemical operations. 
It is particularly as a folvcnt for gold that this 
combiiration fwhich is very ancient) has been 
known, and nence it was termed by the al- 
chemifls aqua regia^ (gold being with them the 
king of metals) and is nearly the only fubftance 
that can difiblve this noble metal. The com- 
pofition of the aqua regia fitted to difiblve gold 
has been deferibed under that metal. Platina 
alfo, like gold, is infoluble in either of thefe 
acids fingly, but yields to a mixture of the two, 
but in different proportions. Antimony alfo is 
fcarcely foluble in any acid but the nitro-muria- 
tic, and the compofition of the mixture the beft 
fitted for this purpofe is dill diiferent from the 
others. 

Berthollet in his exceltent and profound effay 
on chemical ftatics has feme good obfervations 
on this acid. When pale nitric and muriatic 
acid are mixed, an eflervefcencc quickly takes 
place, the liquid becomes of a high amber^red 
colour, and a very pungent vapour is extricated, 
obvioufly fmelling very difierent from the va- 
pour of the nitrous or muriatic acid fingly, but 
clofely refem'bling the ox y muriatic acid gas, 
which is the adlual vapour given off. This is! 
formed by a partial decompofition of a portion of 
nitric acid which furrenders part of its oxygen to 
the muriatic acid gas, whilft the remainder is- 
nitrous gas, which difiblving in the acid gives: 
the hi^h qolour, and may be driven off by* 
faturating the acid with an alkali or earth 
The above decompofition of nitrous acid, and* 
evolution of oxymuriatic acid ceafe^ when the 
mixed acid is faturated with the nitrous gas, and 
hence the fuming nitrous acid which already 
contains much nitrous gas, ^ves le(s oxymu- 
riatic vapour than the pale acid. If nitrous gas 
be mixed with oxymuriatic acid gas over mer- 
cury or over very Uttle watery the nitrous gaf . 
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the etcefs of oxygen from the oxymuria- 
tic, and vaporized nitrous acid fucceedsy but if 
Sufficient water be prcfent, this acid vapourt 
togetlier with the muriatic gas feparated from 
the oxymuriatic, is abforbcd by the water, and 
liquid nltro-muriatic acid is produced. 

Dr. Prieftley* has found that a very powerful 
aqua regia which difTolves gold with great 
rapidity may be formed by impregnating liquid 
muriatic acid with the nitrous acid vapour 
(dclcribed in the laft article). The proportion 
of conllituent parts here widely differs from thofe 
of the common aqua regia for gold, which lail 
is ufually made by three fourths of nitric and 
one fourth of muriatic acid; whereas in making 
the other acid the liquid muriatic acid hardly 
increafes in bulk by faturation with the nitrous 
vapour. Dr. P. alfo tried to form a nitro- 
muriatic acid that would diffolve gold by im- 
pregnating nitrous acid with muriatic acid gas, 
out without fuccefs, as the liquor would not 
• touch this metal. As foon as the muriatic acid 
receives the nitrous vapour it changes from a 
pale ftraw to a deep orange, much deeper than 
nitrous acid alone can be brought to. 

When nitro-muriatic acid is faturated with 
an alkali the nitrous gas which it had abforbed 
is given out, and the Kquor duly evaporated 
gives bbth a nitrat and muriat of the alkali ufed. 

But when the acid Is faturated with a metal the 
rcfulting fait is ufually a (imple muriat, the 
nitric acid having been employed to oxygenate 
the metal and thus to render it (in mod inftan- 
ces) foluble in the muriatic acid, to which mod 
metallic oxyds have the dronged affinity. 
NITRAT OF POTASH. Nitre. Salt- 

PETRE. 

Nitre is a neutral fait compofed of nitric acid 
nnd potafh in a date of perfc6f mutual faturation. 

Its primitive crydalline form is that of a reflan- 
£ular o£tohedron, compofed of two pyramids 
applied bafe to hafe, in fuch a manner that two 
oppoHte (ides of the upper pyramid form with 
the correfponding (ides of the lower one angles 
of 120®, while the two other oppoHte (ides form 
with their correfponding ones angles of in®. 
This figure however is of very rare occurrence. 
When the fummits of the pyramids arc deeply 
.truncated, the rcfult is a bevilled re£Iangular 
table, which is by no means unfrequexU. But 
the mod ufual form which this fait ailumes is 
that of the common quartz crydal, viz. a drait 
£x-(ided prifm terminated at each extremity by 
a (ix-fided pyramid. The fpecific gravity of 
mitre according to Newton, is = 1.9, according 

^ X)bf. 00 Air, vol lii. p, X46. ^ Ann. Ch. sxviii.p. lim • 


to Mufeh'enbroek, 1.901, and according to 
Haflenfratz; 1.0369; the latter of thefe 
edimates feems to be the lead correct. It has 
a diarp faline and cooling though difagreeable 
tade. When fully crydallized it is very brittle, 
and the larger prifmatio crydals if held in the 
warm hand, will crack acrofs with a very 
audible noife. It generally attra£Is a little moil!- 
ture on expofure to the air, but this is probably 
to be attributed to the cafual mixture of a (mail 
portion of dcliquefcent fait. With regard , to 
the degree of folubility of nitre in water of 
different temperatures, there exid fome contra- 
didtions that require to be cleared up ; accord.. 
ing to Bergman, this fait is foluble in feven 
times its weight of water at the ufual tempera- 
ture, and in about its own weight of boiling 
water; from the experiments of Haffenfrat^s 
however it appears that a* hot faturated folution 
of nitre, after being cooled down to 6i®¥ahr, 
and remaining at this temperature 24 hours, 
holds nearly I of its weight of fait, and at 54® 
Fahr. about 7 of its weight : according to 
Beaume, ® 4 ounces of boiling water will take 
up 10 ounces of nitre when the folution is 
made in a matrafs, but if a bafon or any other 
open veffel is made ufe of, a pellicle begins to 
form at the furface of the liquor when it con- 
tains water and fait in equal proportions. The 
following table of the fpeciiic gravity and com- 
pofition of folutions of nitre in water at 6i® 
Fahr* has been condrudled by Haffenfratz.^ 


gr. of folution 

Proportion of Nitre, in 

at 61® Fahr. 

loe parts of folution. 

1.006 

... - I 

1. 012 

- - - — ~ 

1.018 

- - - - 3 

1.024 

- - - - 4 

1.030 

- - - - 1 

1.035 


1.040 

- - - - 7 

1.045 

- - - 8 

1.053 

- - - - 9 

. 1.059 

..... 10 

1.065 

.... II 

1.07a 

. - - - 12 

1.078 

.... 13 

1.085 

. . . 14. 

1.09 1 

- - - - 15 

ju>98 

.... 16 

1.105 

- - - - 17 

1.111 

.... 18 

1. 118 

- - - - 19 

1.125 

... - 20 


1*. exper.'i.p. 414. * Aim. Ch. sxvii. p. ^ 
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3p. gr. of folutlon , Proportion of Nitre in 
at 6i^ Fahr« loo parts of folution* 

1. 132 - - - • • 21 

1.138 22 

x -145 23 

1. 152 - • - - . 24 

1.158 ...... 25 

If a faturatecl folution of nitre is boiled 
ftronglyt and more efpecially if the boiling 
^temperature is raifed by the addition of any 
deliquefcent fait, a very notable proportion of 
the nitre is volatilized with the water, as will 
be mentioned more particularly in &e latter 
part of this article. 

Nitre is readily fufible at a heat almoft equal 
to that of melting zinc, or fomewhat below 
i^ition, and may be. kept for a confiderable 
time at this temperature without undergoing 
any change, except a flight lofs of weight from 
parting with its water of cryftallization ; a 
piece of charcoal may even be immerfed in it 
without producing any detonation. When 
poured out on any flat furface it prefently con- 
geals into a white tranflucent mats, commonly 
known by the name of cr^a/ mineral. If how- 
ever the heat to which melted nitre is expofed 
be greater than that requifite for maintaining its 
liquidity, a decompoiition begins to take place ; 
bubbles of gas are difengaged,and by a high heat, 
continued as long as any air is extricated, the 
acid is entirely decompoied, and nothing but the 
alkaline bafe of the fait remains behind \ the 
gas that firft comes over during this procefs is 
tolerably pure oxygen, but the latter portions 
are largely mixed with azot. When tins expe- 
riment is performed in an earthen crucible, the 
alkalization of the nitre takes place more fpeed- 
ily, on account of the affinity of the potafli for 
the filex and alumine of the crucible, hence alfo 
as the heat increafes a confiderable part of the 
acid is fet at liberty in a ftate of femi-decompo- 
fition, which accounts for the red fumes of 
nitrous vapour obferved on this occafion by 
Beaume. When the fufion is not continued 
long enough for the total decompoiition of the 
nitre, the refidue confills. of free alkali, and 
a variable proportion of nitrite of potalh. 

The decompoiition of nitre by neat is much 
more fpeedy, if fome inflammable fubllance be 

{ >refent : in this cafe a rapid difengagement of 
ight and heat takes place, accompanied by a 
loud hiffing noife, whicli is called the detonation 
of nitre i the added inflammable matter com- 
bines with, the greater part of the oxygen of the 


nitric acid, and is itfelf converted into an oxyd 
or acid ) if the latter, it generally unites with 
the alkaline bafe of the nitre in proportion as 
its own acid is decompofed or driven off. Thus 
if a few grains of fulphur be projefted on red- 
hot nitre the former immediately takes fire, 
bums rapidlv with a reddilh-purple flame, and 
is converted into fulphuric and fulphureous 
acid, at the expence of the nitric acid, which is 
more or lefs decompofed ; the fulphureous acid: 
mixed with nitrous vapour flies off, while the 
fulphuric acid remains behind in combination 
with the difengaged potalh of the nitre, forming 
fulphat of potalh. When the quanti^ of ful- 
phur added is not fufficient to efle£l a total 
decompoiition of the nitre, the rcfult is a mix- 
ture of the two neutral falts, and was known 
among the old chemills by the name of Glajet^s 
polychr^ fait. 

If inllead of adding the fulphur by fmall 
parcels at a time to the nitre in lufion, the two 
ingredients are carefully mixed together in the 
proportion of five or fix parts of the former to 
one of the latter, and the furface be then touched 
with a hot iron or any other ignited body, the 
detonation is much flower than in the lormev 
cafe, the nitric acid appears to be entirely de- 
compofed, and a quantity of Sulphuric Acid, 
much more than fufficient to faturate the alkali 
of the nitre, is produced. 

The detonation of nitre with charcoal is very 
rapid, whether the charcoal is added to the 
nitre brought previoully to a ftate of fufion, or 
the two ingredients are mixed together by pul- 
verization, and then thrown into a cruciole or 
any other veflel heated red-hot ; an intenfe 
bluilh flame is difengaged, accompanied by great 
heat and a white vapour, the nitric acid difap- 
pears, and the refidual fait is fub-carbonat pf 
potalh. The rationale of this procefs is com- 
monly thus explained : the charcoal combines 
with the oxygen of the nitric acid, and is itfelf 
converted into carbonic acid, of which a portion 
unites with the alkaline bafe of the nitre, while 
thc' reft is volatilized together with the azot 
produced by the decompoiition of the nitric 
acid. ^ From the experiments however of Mr. 
Davy'^ it appears, that th6* detonation of thefe 
two fubftances is by no means a procefs of fuck 
fimplicity as is generally imagined. This able 
chemift naving filled a glafs tube with a mix- 
ture compofed of 6 parts of nitre and 1 of 
charcoal, detonated it, and received the produffc 
in a Jar inverted over mercury and containing 
a little water: after the operation the water 
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vas found to be fufficiently acidulous to reftore the moft violent detonation^ fuch are zinc, antU 
the colour of red cabbage juice that had been monv, tin^ iron and bifmuth. 
rendered green by an alkali, thus indicating Tne efFefit of pure hydrogen on nitre has 
the prefence of a little nitrous acid ^ but the not been examined, but thofe readily-fufible in- 
fame liquor when fuperfaturated by caullxc pot- flammable bodies into the compofition of which 
aih or quick-lime, gave out a very fcniible it largely enters, are not capable of detonating 
odour of volatile alkali, hence it appears to with nitre except in exa£t proportion to the 
have contained acidulous nitrat of ammonia, amount of carbon that they contain beyond 
The gas produced by the detonation being what is requifite for the produ£bion of carbu- 
mixed with the carbonic acid feparated by mu- retted hydrogen, or, in the words of Macquer, 
riatic acid from the alkaline refldue, was found to whom the difeovery belongs, no detonation 
to be compofed of carbonic acid, nitrous gas, will happen till the inflammable matter be 
and azot, in the proportion by bulk of 2o of burnt and reduced to a coal y then the detona- 
the firfl, 3 of the lecond, and 7 of the third. tion commences, and is always proportionable 
If tlie charcoal in the detonating compound to the quantity of coal produced by the inflam- 
inflead of being y is raifed to j of the mafs, no mable matter.” Thus if oil, fat, refln, pitchy 
nitrous gas, and probably no nitrous acid is pro- mineral tar, or camphor, are dropped upon igni-' 
duced, which agrees with the obfervation of ted nitre, they burn with a large flame, but 
Macquer,^ who exprefsly ftates that when fuc- without producing thofe violent jets of fire that 
ccllive portions of a mixture of nitre and char- charcoal does, or haftenihg the decompofition 
epal arc detonated in a diltillatory apparatus, of the fait. If a ccmbuflible fubflance of this 
nothing is found in the retort but the alkali clafs, but confiderably mingled with charcoal^ 
which was tlie bafis of the nitre; and the as alphaltum, be treated in the fame manner^, 
liquor contained in the receiver has no acid the carburetted hydrogen, as being the moft in- 
tafte, docs not redden the tinAure of tumfol, flammable, firft burns oft with a quiet flame, 
makes no eftervefcence with alkaline matters, and then the remaining charcoal produces the 
and is truly nothing but water which is fome- ufual -phenomena of detonation, 
times nightly alkaline.” The prefence of am- Nitre is entirely decompofetl by diftillation at 
moiiia in Mr. Davy’s experiment may we think a moderate heat with fulphuric acid, and at a 
be fatisfadorlly accounted for by the decompo- higher temperature with phofphoric, boracic,. 
fition of the water of cryftallization by the char- and arfcnic acids ; thefe combine with the al- 
coal, and the combination of its hydrogenous kali of the fait, while its acid paftes over in the 
bafe with the azot of the nitric acid*. ftate of vapour ; a fimilar efte61 is produced by 

Thofe compound acids, into which carbon filex or alumine, or a mixture of both, but the' 
enters as an eftential conftituent, decompofe heat requifite in this cafe being confiderably 
nitre with nearly the fame energy as charcoal higher than in the former a proportionably 
does: thus if equal parts of nitre and crude larger quantity of nitric acid is decompofod 
tartar are mixed together and ignited, a deto- during the procefs. Strong muriatic acid will 
nation takes place, the tartareous and nitric acids aHb in part decompofe nitre, as we have already 
mutually decompofe each other into carbonic Ihewn in our account of that fubftance. 
acid and other gafteous produ£ls, and there rc- The only fubftance capable of decompofing 
mains behind fub-carbonat of potafti, being the nitre fo as to liberate its alkali, is cauftie bary- 
alkaline bafe of both falts. The alkali thus tes, a quantity of each in fine powder being 
produced was in much requeft among the old mixed together, and then moiftened with a little • 
chemifts by whom it was named ^ubite JIum^ water, re-a£t: on each other and produce nitrat 
extemporaneous alkali^ and nitre fixed by tartar z of barytes and cauftic potaflr, of which the 
it is in no refpe£): however diftcrent from purl- latter alone (if too much water is not ufed) 
fied pearlaih if the nitre has been all decom- remains, in folution. 

pofed. The exa£t analyfid of nitre is attended with 

Moft of the metals if reduced to filings or many, difficulties, in confequence of which even 
powder and mixed with nitre will produce a the moft able chemifts vary materially in their 
detonation at a red heat; the metal in a ftate accounts of its compofition. Bergman found 
of high oxydation unites with the alkali, and the that 49 parts of potafli when faturated with ; 
nitric acid is more or lefscompleatly decampofed*. nitric acid afforded 100 of cryftallized nitre.. ,. 
Thofe metals tliat are moft inflammable produce Hence he ftates the proportions of this fait at 

* Cheas Di4l« sit. CIjSim. 
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49 Potafli 
33 Nitric acid 
i8 Water 


lOO 


According 

i^outain 


to Wenzel loo parts of nitre 

48.13 Potafh 
51.87 Acid and water 


100.00 


But according to Kirwan 100 parts of cryf- 
tallized nitre dried at 70^ Fahr. are compoled 

«f 

51.8 Potafli 
44 Acid 
4 -^ Water 


100.0 


and this eftimate belpg incidentally confirmed 
by other experiments of Berthollet and of Keir^ 
is probably very near the truth. * 

* The ufes of nitre are very important. It is 
employed in prodigious quantities in the manu- 
fa£ture of gunpowder, and in all kinds of pyro- 
technical compofitions. It is the only fait from 
which nitric acid is habitually made, both in 
the large and fmall way ; it is alfo largely con- 
fiinicd in the preparation of fulphuric acid from 
the conibination of fulphur. When mixed 
with common fait it adds to the efficacy of this 
latter in preferving animal flefli from decay ; 
it is employed by the glafs-maker and the gold- 
fhiith, and is in con Hunt ufe in the laboratory. 


'We now proceed to treat of the natural hif- 
tory and manufa£ture of nitre, as carried on in 
vaKous countries, but chiefly in France, where 
its* produdfion has been more an objeft of philo- 
fophical inveftigationthan in any other country. 

Nitre may be confidered both as a natural 
and artificial produ£b. Native nitre minera- 
logically fpeaking, is a fubftance of very recent 
formation. It appears to occur in two different 
repofitories : the nrft of thefe is limeftone, and 
the fecond vegetable foil. The calcareous repo- 
fitory is either a peculiar variety of fecondary 
iloetz limeftone, or calcareous tufa, or chalk, or 
indurated marl. In thefe rocks it occurs as a 
thin granular cruft, ot an efflorefeence of minute 
f^^uTarcryftals overfpreading the outfide, and 

s KSrwin on Acids (Additioiial Obfcf.) p. 76. ^ Analjt. EiT. I. p. syj. 


particularly lining the infide of the caverns 
both natural and artificial, with which thefe 
rocks abound. Hence probably is derived its 
ancient name faltpctre (Sai petra^ rock fait). 
Calcareous ft rata containing nitre, are found in 
various parts of South America, in fomc diilridis 
of France, in the county of Bamberg, and at 
Hamburg near Wurtzburg. But the moll 
celebrated repofitory of native nitre is the Fulo 
of Molfetta, in the province of Puglia, in the 
kingdom of Naples. The Pulo is a ilcep cavity 
in the form of an inverted cone, produced by 
the falling in of feveral large natural caverns, 
and communicating laterally with other caverns 
both natural and artificial, that yet remain entire. 
All the (Irata in which thefe excavations occur 
are of hard fecondary limeftone, abounding with 
the remains of organized bodies. The whole 
of thefe caves at the time when the Abbe 
Fortis called the public attention to them, were 
lined with an effiorefeent cruft of nitre more 
than an inch in thicknefs, which after being 
feraped oflF, w^as again renewed in the courfe of 
a few days in conftant fucceffion# Thin frag- 
ments of ftone were often falling down, being 
forced from their place by the cryftallizations of 
nitre benea^th them ; the fubftance of the rock 
alfo to the depth of a foot or more from the 
furface, was richly impregnated with the fait 
which might be feparated by lixiviation ; but . 
fpecimens taken from a greater depth feem to 
contain no nitre ready formed, at lead boiling 
water was incapable of diflblving out any. It 
appears however from the teftimony of DoIom« 
icu, that a piece of this rock after lying for two 
months in a dry cabinet, became covered with 
a thin cruft of nitre. Specimens of the nitrous 
cruft from die Pulo have been analyfed both by 
Klaproth'* and Pelletier, ^ and the refults agree 
full as well, as can be expeded in the exami« 
nation of a fubftance fo liaole to flight variations 
in its compofition. 


Klapr. 

425-5 

2 * 


254-5 

304- 

986.0 

14 

lOOO. 


Pellet. 

407.5 Nitre 
Muriated potafli 

26.7 Muriats 

2o.t Sulphats, foluble in ool 4 
water 

96.7 Sulphat of lime* 

4 xo. CarlKinat of lime 


961.7 

38-3 


Lof* 


lOOO. 


* Metti.ds Chest. II. 
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The fccond repoCtory of native nitre is vege- 
table foil. It 16 aflerted by fome chemiftsj 
efpecially thofe >vho maintain that nitre is a 
produfl of vegetation, that all foils contain nitre 
in proportion to their fertility : this however is 
by no means the cafe : Mr. Beaume Iniviated 
carefully 36 fpecimens of fertile foil, and did 
not obtain a particle of nitre from any one of 
them. ^ There is no country in Europe the foil 
of wliich is fo rich in this fait as Spain. It is 
afTcrtcd by Bowles that nearly a third of tlie 
uncultivated lands in the Eaftem and Southern 
provinces of this kingdom afford it in abundance 
under the following fimple management. The 
land is ploughed twice or thrice during the 
winter and fpring, to the depth of three or four 
inches ; it lies fallow the whole fummer, and 
about the middle of the autumn the foil having 
been thus expofed to the full adion of the air, 
is carted off and lixiviated : the liquor is then 
boiled down in the ufual manner, and affords 
by cooling a quanti^ of nitre mixed with from 
7,0 to 40 per cent* of common fait. 

A confiderable part of the foil in Lower 
Hungary is richly impregnated with nitre, and 
feveral of the wells and fprings are incapable of 
being ufed as drink on account of their contain- 
ing from T to 4 cent, of this fait.* 

Many of the lands in India, efpecially in the 
vailtes of the great rivers, are exceedingly abun- 
dant in nitre. In the prefidency of Calcutta alone 
between 7 and 8000 tons are annually manu- 
fa£lured. Sometimes it .covers the furface of 
the foil with a faline efflorefcence, Mrhich being 
fwept off is renewed every other day at parti- 
cular feafons of the year. The foil of thofe 
lands in which it is lefs abundant is raked up 
into fmall heaps, and mixed 'with the ferapings 
of roads and cattle-ilalls, and after being expofed 
for a certain time to the a£tion of the air is lixi- 
viated: the earthy refidue is mixed with frefh 
earth, and after two years affords as large a 
produce of nitre as at nrft. 

In many nitrous foils the acid which they 
contain is combined for the mod part with lime 
inftead of pbtafh, fo that the produce of real 
nitre which they afford by the ufual mode of 
treatment is very fmall: long experience how- 
ever has taught the nitre -makers in every 
country where thefe foils occur, to remedy this 
defe£t by the addition of wood-aflies. The 
rationale of this, though wholly unknown to 
the greater number of thpfe who prafttfe it, is 
fufficiently obvious to the chemift ; the carbo- 
nated alkali of the aflies and the calcareous 
^ Mcju. d« Scivanf IStrang. XI. p. 384. 


nitrat of the foil mutually decompofe each 
other, and carbonated lime and nitrated potafh 
is the refult. Many of the nitrous foils in India 
require this alkaline addition, as well as thofe 
of China and other parts of Alia. Much of the 
nitrous foil in Uie Crimea and Ukraine alfo is 
of this defeription: in appearance it refembles 
common black vegetable mould, exc^t that it 
is more un£^uous to the touch, and is fo light 
and of fuch little coherence as to be converted to- 
a loofe dull by a few days of dry weather. Thofe 
parts of the Crimea that have been long uncul- 
tivated, and efpecially the artificial mounds that 
have ferved for burial places and the (ites of 
towns, are felc£led by the nitre-makers. The 
foil being dug up is mixed with about i by 
meafure of wood-afhes, and lixiviated in perfo- 
rated calks in the ufual way : the liquor thus 
produced, when concentrated by repeated lixivi- 
ations, is mixed with the mother water of a 
preceding cryllallization, and boiled down for 
24 hours, removing from time to time the com* 
mon fait and muriated potalli that feparates 
during the procefs ; it is now transferred while 
hot into (hallow coolers, in order to cryflallize, 
which it docs in 24 hours more. The rough 
cryllals being drained are again diflblved in 
water, and the produdl of the fecond cryllalli- 
zation is a nitre fomewhat impure but yet in a 
fit ftate for the market. Four hundred cubic 
feet of the mixture of earth and wood-alhea 
afford 42 lbs of nitre of the firll cryllallization, 
which by the fubfequent refining is reduced to 
39 ibs. 

Before the general ufe of gunpowder in war, 
the produce of native nitre was abundantly fuffi- 
cient to fupply the European demand for this 
article ; but when in confequence of the uni- 
verfal adoption of fire-arms the confumption of 
this fait was prodigioufly increafed, it became 
an important objeA for every nation, and efpe- 
cially thofe that were the lead commercial, to 
encourage by every method the domellic manu- 
fa^lure of nitre. Every kind of foil that had 
the lead refemblance to the nitre foils of Spain 
and India, was examined by lixiviation, and by 
degrees it was afeertained that the furface foil 
of farm-yards, of cattle-dalls, of cellars, of 
privies, and other places long expofed to the 
vapours of putrefying animal matter, afforded, 
wnen mixed with wood-alhes and lixiviated, a 
confiderable quantity of nitre. It was aflb 
difeovered that the plaider, mortar, and what 
is included under the general term brick-rub- 
bilb of old houfes, was capable of yielding Uiii 

^ Rttckert, Jovra. det Miset, Ns. a, p* xa» 
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fait by a (imilar treatment. In confcquence of 
this difcovery all thefe fubftanccs were claimed 
by the crown in mod of the countries of Europe, 
and granted to focieties of faltpetre- makers, in- 
corporated for the purpofe of fupplying the 
public magazines of the country with this indif- 
penfable commoility. England and Holland 
were foon able to fupply the mfe Ives at an eafy 
rate with nitre, by means of their commercial 
connexions with India and China, and therefore 
attended only a very (liort time to the domedic 
^preparation of this fait. France, Germany, 
and the Northern dates of Europe on the other 
hand, importing but a fmall quantity of nitre 
in proportion to their wants, have always encou- 
raged its manufa£lure by every method in 
their power. In the former of thefe countries., 
efpecially, the privileges of the faltpctrc-makcrs 
were fo extenfive and fo rigoroufly enforced, as 
to occafion much petty tyranny and vexation, 
befides operating as a direct difcouragcment to 
agriculture. Thefe manufa£furing companies 
were allowed to take away without com pen fo- 
tion all the nitrous foils that they could difeover: 
hence when a houfe was pulled down, fuch part 
of the old materials and foundation foil as fuited 
their purpofe was fele 61 ;ed from the red and 
carried off by them ; they had alfo the right of 
digging up once a year the earthen floors of 
every out-houfe, and in fome provinces even of 
the inhabited cottages : the farmer's yards were 
fubjefl to the like troublefome vidtations, by 
which he was deprived of a conflderablc quantity 
of his bed manure ; and every parilh or didrift 
was obliged befides to furnifh a certain amount 
of wood-aflies. Thefe terrible means of annoy- 
ance were placed by the crown in the hands of 
the farmers general, and by them were entruded 
to inferior agents, more difpofed to exercife them 
fo as to obtain from thofe in their power a pecu- 
niary compofition, than to exert their privileges 
for the public advantage; the confcquence of 
which was that notwithdanding the trouble and 
extortion by which individuals were thus fe- 
verely haraffed, the annual produce of nitre at 
the acceflion of Turgot to the miiiidry, fcarcely 
exceeded one half of what it had'amounted to 
half a century before. An important reform 
hbwever was introduced by this able datefman, 
the privilege of digging up the floors and cellars 
of inhabited houfes was abolilhed, the requifi- 
tions of fluel and wood-alhes were redrained, 
and the adminidration of this department was 
taken from the farmers general, and entruded 
to a particular commiflion, of which Lavoifier 
9aA Clouet wete leading ndembers ; a confide- 


Table Aim of money was placed at the difpofal 
of the Royal Academy of Sciences, to be didri- 
buted as prizes by this body to the authors of 
the bed memoirs on the preparation of faltpetre, 
in confequence of which various important 
changes took place in the management and con- 
drudlion of artificial nitre-beds, and the refining 
of their produce. By thefe means the yearly 
amount of nitre made in France was increnfod 
during the period from 1775 to 1785, from 
1,800,000 lbs. to 3,500,000 lbs. Four years 
after this period the Revolution war com- 
menced, for the fupply of which a prodigious 
quantity of gunpowder was demanded, while 
all the requifitc nitre was obliged to be drawn 
from domedic fupplies. To meet this exigency 
the knowledge and perfonal fuperintendance 
of the abled chemids of Paris was direfted to 
this important obje£l, and in the fpace of a very 
few years the produce of nitre was more thaii • 
quadrupled, and a fimplicity and expedition 
introduced into the refineries of this fait, that 
feem to have brought its manufa<Slurc nearly 
to perfe£l:ion. 

In our account of nitric acid we have fhown 
that the component parts of this fubdance are 
azot and oxygen, we have alfo (hown in another 
place that animal matters in general contain a 
large quantity of azot combined in various pro- 
portions with hydrogen, carbon and other liib- 
dances. When the decompofition of animal ■ 
matter by means of the putrefadlive fermenta- 
tion takes place, its elements enter into new 
combinations with each other and for the mod 
part affume the gafeous form. Now although 
azot like feveral other bodies when it has com- 
pleatly acquired the date of eladic fluidity is • 
but little difpofed to combine with oxygen at 
the ufual atmofpheric temperature, yet when in 
its nafeent date and particularly when mixed 
at the fame time with cafily combudible fub- 
danccs it unites with oxygen without much • 
difficulty. Hence it is obvious how nitrous acid 
or more probably nitrous vapour is produced by 
the icontadl: of atmofpheric air and putrid gas. 
But the acid is produced flowly, and in proper- - 
tion as it forms will fly ofl* together with the 
other Volatile ingredients, except it meets with • 
an alkaline bafe to combine with into a neutral 
fait. It might feem, a priori^ a matter of perfeft 
indifference, as far as the mere formation and 
detenfion of nitrous acid is concerned, whether 
one alkaline fubdance or another was employed 
for this purpofe, hut experiment has (hown, as . 
we lhall detail more at large prefently, tliat the 
proper fixed alkalies, whether in a . mild or 
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caudic date ar^ by no means fo efficacious as 
carbonat of lime. Thus it appears that three 
conditions are requifite for the prodiiflion of 
nitrated lime (from which by the fublcquont 
addition of carbonated potafli common nitre is 
readily obtained) viz. animal matter in a fVatc 
of dccompodtion, atmofphcric air, or rather 
the oxygenous part of it, and carbonated lime. 

Tlic fidl propofal for the conftruftion of 
artificial nitre beds came from Glauber. This 
able chemift reflerting on the circumftance 
that earth which had been long expofed to 
exhalations from the dung and urine of (heep 
and other animals, or in which animal bodies 
liad been buried was capable of affording nitre 
by lixiviation, concluded that this fait was 
contained in animal matter: but finding that 
various animal fluids fuch as urine and blood, 
aiForded no nitre when recent, he was induced 
to try the cfFeft of putrcfa£l:ion on them: for 
this purpofo he filled an open veflel with blood, 
and expofed it to fpontaneous decompofition 
till nothing remained of it but a Igofe earth: 
from this by lixiviation he obtained a portion of 
nitre, hence he concludes that the falts con- 
tained in recent animal matter are ip an inert 
or as he calls it a dead ftatc, till by long expo- 
fore to the air and fermentation they acquire 
from it a vital fpirit.™ From the nitrous efflo- 
refccnces on the plaifter of collar walls he 
inferred that the laline bafe of nitre Was alfo 
contained in certain eartlis; and bccaufe that 
part of the plaifter in immediate cohtaA with 
the bricks, and therefore excluded from the air, 
alTorded no nitre by lixiviation, he drew the* 
fame conclufion as in the former cafe refpefting 
the vkfijyirig influence of the air in the forma- 
tion of nitre. It being a matter of common 
notoriety that earth when long impregnated 
with the lees of wine became rich in nitre, this 
circumftance together with other collateral ar- 
guments induced him to infer the prefence of 
nitre in vegetables alfo. In purfuance of this 
theory he propofes the following plan for the 
formation of nitre." Let a large fquare wooden 
vat be made open at top, and with a perforated 
falfe bottom placed a few inches above the real 
bottom; and between the two bottoms let a 
pipe with a ftop cock be inferted fo as 'to dif- 
charge any liquor into a (hallow open refervolr 
funk into the ground juft in the front of the vat: 
on the oppofite fide of the refervoir let another 
vat fimilar to that already deferibed be placed, 
and, to compleat the apparatus, let a pump be 
in the refervoir by which its contents may 
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be transferred to either of the vats that the 
workman choofes. Every thing beingromplcat 
let the vats be filled with horfes% cows*, or 
(beeps* dung mixed with leaves or any dry 
vegetables: then draw a weak alkaline ley from 
quicklime and woodaftics and pour it into one 
of the vats till it ftands a finger's breadth above 
the other ingredients. In about 12 hours time 
turn the cobk and let the liquor drain into the 
refervoir, whence it is to be pumped again into 
tile other vat, and after 1 2 hours more return- 
ed into the refervoir. In the fpace of a fewo 
days the contents of the vats will heat and 
ferment ftrongly: no further care is required 
till the decline of the fermentation, which may 
be known by the ceffiition of the fteam: the 
materials are then to be again drenched with 
the liquor in the refervoir for 1 2 hours, and when 
this is again difeharged the fermenation will 
recommence. This method being purfued for 
ten or twelve months, (taking care to keep the 
vats filled with fre(h portions of leaves and dung 
as the mafs fubfides) both the liquor and the 
contents of the vats will be found to be very 
rich in nitre. 

The above method of Glauber's deferves 
notice as the (irft attempt at the artificial 
manufaflure of nitre, akhough there is little 
doubt that its foccefs is greatly exaggerated, as 
is but too much the. cuftom of this author. 
Another method propofed by the fame chemift 
and the foccefs of which is better authenticated 
is the following. Conftru6% a vault of frame 
work of any dimenfions and line it to the 
thicknefs of three or four inches with plaifter 
compofed of tlie following materials, viz. one 
part of quicklime, one of woodalhcs, and two 
of cow's or horfe' dung with a fuificient quantity 
of urine to work it up to a proper confiftence. 
This plaifter being carefully applied is to be 
dried by a gentle fire to be made under the 
vault, a fecond coating of the fame materials is 
then to be put on, and thus by alternate drying 
and plaiftering the vault is to be made two or 
three feet thick. Being now fofficiently ftrong 
the wooden framing may be removed. Tlie 
plaifter in proportion as it dries is to be reftored 
to a proper (late of moifture bv the application 
of urine, and in the fpace or a few months, 
more or lefs according to the warmth of the air 
and other circumftances, the whole infide of 
the vault will be covered with nitrous efflore& 
cences: by degrees the plaifter will be impreg- 
nated witn nitre through its whole fobftance, 
at wUch time the vault being broken down uif 
• Ditto, psrt nx. p. n 
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Its materials beine duly lixiviated, a large quan- 
tity of nitre will be obtained. This method 
was adopted in many parts of Germany with 
reafonable fuccefs, but requiring much manual 
labour was at length abandoned for more eco- 
nomical procelTes. 

In direfi oppbfltion to the inftru^ions on 
this fubjeft by Glauber who had clearly fliown 
the abfolute neceflity of the prefence of air to the 
formation of nitre, feveral very large experiments 
were made, chiefly in Sweden and Germany to 
prepare this fait by filling large trenches with 
animal and vegetable refufe of various kinds 
mixed with quicklime and wood afhes and duly 
watered with urine. But though all other 
circumflances, were tolerably favourable the 
exclufion of air from the greater part of the 
ihafs fo delayed the produaioii of nitre, that 
after the expiration of 20 years a fmaller quan- 
tity of this fait was thus obtained than is yielded 
by the fame materials in two or three years when 
the air is freely admitted to them. Attempts 
were made to remedy thefe defers bv the infer- 
tion of pipes and air iliafts, but witn little fuc- 
cefs compared to the trouble and expence; fo that 
at length, inflrufted by experience, the Swedes 
adopted that mode, which with a few modifi- 
cations they ftill retain, and the advantages of 
which are daily more and more apparent. 
Upon a fquare floor of brick or (lone, is laid a 
bed a few inches thick compofed of woodafhes, 
lime, and mellow vegetable earth moiftened with 
urine, and the mother water obtained in the 
refining of nitre: upon this is placed a layer of 
llraw or old thatch, then another of the com- 
pofition, and fo on alternately till a pyramid 8 
or 9 feet high is conflrufted. In order to pre- 
ferve thefe piles from the rain and fnow which 
would wafh out the fait as faft as it formed, a 
number of flout poles are ftuck in the ground 
all round the floor, the tops of wliich arc tied 
together, and their interiliccs carefully clofed ' 
with intertwifted twigs, thus excluding the 
rain, but admitting the air. Thefe pyramids 
are watered from time to time with putrid 
urine, and in about a year faline efflorefcences 
begin to appear on their furface: fliortly after, 
the nitre thus generated is fwept off, and the- 
piles then yield regular crops of this fubftance 
every week or ten days, except during frofty, 
weather, for about nine years. At the expira- 
tion of this period the emorefcence ceafes, and 
tlie nitre yet remaining in the pile is obtained 
by lixivjation : the infoluble refidue is an excel*- 
lent enbnure tnd much in requefl for flax and 
bAhp. In Prulfia, nitre is obtainedTrom m.u4 


walls compofed of loamy earth, night foil, mud 
from ponds, flable litter, and any other vege- 
table or animal fubllances: thefe being mixed 
together and tempered to the confiflencc of 
ftiff mortar by urine and dunghill drainings, 
arc raifed into avails four feet high and about 
two feet thick, anil topped with a flight coping 
of thatch in order to Ihoot ofF the rain: in 
procefs of time the draw and other vegetables 
which the walls contain decay, by which it is 
rendered more porous and the air gets admiflion 
more or lefs to its interior fubftance. Many 
however are the objc£lions to this method of 
preparing nitre. In the firft place the lalxjur 
required for the conftru£lion of thefe walls is 
very confidcrable: fecondly, the clayey foam’ 
which is necellary to give the mafs a due con- 
fiftence for the formation of walls, prevents it 
from being fuflicicntly porous even after the 
ftraw, &c. has decayed: thirdly, there is fcldom 
a proper quantity ot calcareous matter, fo that 
much of the nitrous acid flies ofl' for want of a 
fit bafe to detain it: and fourthly, the very 
imperfefl: proteftion from the weather which 
thefe walls receive from their thatch coping, 
fubjedls a conflderable quantity of the fait when 
formed to be waflied out by the rain and thus 
loft. For thefe reafons it is feldom worth 
while to lixiviate this earth oftener than once in 
about fix or eight years, and even then the 
produce is very fcanty. 

In France the nitre-beds arc compofed of 
nitrous earth from farm-yards, ftables, ^c. of 
ftreet fwcepings, of mild calcareous earth, fuch 
as old mortar or plaifter, chalk, tufa, or the 
fweepings of roads paved with linieftone; of 
animal matter, fuch as night- foil, blood, refufe 
from the fk inners and tanners, bones and other ^ 
offal; of vegetable matter, fuch as ftraw and 
liable litter, l/'aves, faw'duft, fpimt tanner’s 
bark, &c. Thefe are all mixed in fomewhat 
cafual proportions, care being only taken that a 
fulficient quantity of calcareous matter is pre- 
fent; they arc laid as lightly as po/libic in long 
beds of pyramids under covered roofs to proterf 
them from the weather, and are kept diily^- 
moiftened with putrid water or urine: by this 
manageruent they yield every other year by 
Hxiviation a conflderable quantity of nitrated 
lime, which by the addition of woodafties or* 
potaih is converted into true nitre. The cir- 
cimriftance in which the French nitre beds 
diflFer principally from thofe of Sweden and 
Germany is that they Icarfcely ever contain, 
woodalhes, the requifite portion of alkali being 
added in a fubfequent part of tlic manufa£luve.. 
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The proportion of nitre afFordccI by tliefe 
nrtiiiclal beds it is not eafy to afcertam. In 
France, where the cii(lon>is to lixiviate once in 
two years, the produce may be ellimated at 
from 7 to 12 ounces of nitre from too lbs. of 
materials: of this about half is nitrat of potafli, 
and the reft niirat of lime, requiring therefore 
the addition of potafli to convert it into true 
nitre. 

Concerning the theory of nitrification much 
has been written, but with the exception of an 
admirable memoir by M. Thouvenel, to little 
urpofe. The chemifls of the modern fchool 
aving difeovered that nitric acid is compofed 
of oxygen and axot, and that animal matters 
abound in condenfed azot, content themfelvcs 
with faying that the azot as it is evolved by the 
progrefs of putrefa£lion combines with the 
oxygenous part of the air, and thus forms nitric 
acid, which is prevented from efcaping by the 
lime and other alkaline bafes with which it is in 
conta£b. This however from the little hitherto 
known on the fubjeft appears to be a very 
imperfedi reprefentation of the matter; we fhall 
therefore proceed to detail the principal refults 
of M. Thouveners experiments, which, imper- 
fea as they are, throw more light on this 
curious and important fubje£l; than any others 
with which we are acquainted. ^ 

Several open veflels containing each three lbs. 
of pure and well waflied chalk moiilened with 
.diflilled water, were for the fpace of feven or 
*eight months expofed to the putrid vapours of 
privies, cellars and prifons, being then lixiviated 
they, afforded from 50 to 90 grs. of nitre each, 
,of which the principal part was nitrat of lime 
.but mixed .in general with a little nitrat of 
potafh. From other fimilar experiments M. 
'rhouvcncl afeertained that in clofe confined 
iituations where there was hardly any circula<> 
tion of air, and on the other hand that in places 
where the external air paffed in a free current, 
the produfrion of nitre was by no means fo 
copious as where the putrid fumes remained for 
a long time in contafb with' the chalk, and 
were only occafionally diluted with atmofpheric 
.air. In thofe places mod favourable to the 
generation of nitre were expofed together with 
the veffels containing chalk, others with a like 
quantity of quicklime, witli magnefia both mild 
and cauflic, with earth of alum and with the 
fixed alkalies both mild and cauflic. 

•were all examined after the expiration of 8 
.months: the fallne contents of .the chalk we 
jiave }ufl' mentioned; the quicklime, the cauflic 
.end mild magnefia afforded from 6 to 7 grs. of 


earthy nitrat mixed with a little ammpniacat 
nitrat; the earth of alum yielded a dill fmaller 
proportion of nitrat, and the fixed alkalies none, 
at all. The refults qf thefe experiments being 
afeertained, another ferics was undertaken and 
coiidufled in the following manner. An earth- 
en cucurbit was fitted to a very large receiver 
of the fame materials pierced with a few fmall. 
holes fo as to allow of a partial communication 
between its contents and the outer air: in the 
cucurbit was piit fome putrid blood, and in the 
receiver were placed open veffels containing 
few ounces of lime, magnefia, earth of alum, 
and the fixed alkalies both mild and calcined: 
2 1 other receivers furnifhed in the fame manner 
were connefted with cucurbits charged with 
various putrefeent mixtures. The gas as it was 
difengaged from tlie materials in the cucurbit 
paffed into the receiver mixing with the atmo- 
fpherical air, and furrounding the inclofed 
earth and alkalies: After this procefs had 
been continued for a year or more the contents 
of the receivers were examined; in all of them 
the chalk was found to contain nitrat of lime 
but varying in proportion from one to 5 grains 
per oz. The quicklime, the magnefia and 
earth of alum in mo(l of the experiments had 
acquired no nitric acid, but in fome a little 
earthy nitrat was formed. The fixed alkalies, 
as in the former experiments, had acquired no 
nitric acid whatever. It was further obferved 
that although the chalk in mod of the experi- 
ments Ihowed figns of nitrification in about a 
month*s time and proceeded rapidly for the 
fird three months, yet after this period the 
progrefs was very flow, no doubt becaufe the 
oxygen of the atmofpheric air originally con- 
tained in the receivers having been cenuimed, 
the gradual pouring in of putrid gas from the 
cucurbit almod entirely preventing the external 
air from entering through the fmall holes that 
had been drilled for this purpofe. 

It appearing from the above experiments that 
the fixed alkalies and the alkaline earths them- 
felves when caudic are very little capable of 
abforbing nitric acid from a mixture of putrid 
gas and atmofpheric air, M. Thouvenel was 
induced to try whether this was owing to ai^ 
change produced on the putrid gas by thele 
bodies. For this purpofe having charged a 
retort with putrefying materials, he conneded 
with it three receivers in the manner of Woulfe 
bottles, the lad of which terminated in a tube 
communicating with a, pneumatic apparatus. 
Four different fets of this apparatus were em« 
ployed at the fame time. In the fird of thefej^ 
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ihe two receivers nearefl; the Retort were charged 
. with four ouncjss of chalk diffufed in diftified 
waters white the thiifd receiver contained a 
foiution of cauftic potafh* In the fccond fet 
the two iirft reoeivers contained diftilled waters 
and the laft was charged witli the waflied chalk. 
In the third fet the two firft receivers contained 
limewater^ and in the fourth fet a foiution of 
cauftic potaflis the third receiver in both cafes 
holding the chalk. They were all equally expofed 
to the fame temperatures namelys from 74^ to 
• 80^ Fahr. for fix monthSs and tlie changes which 
their contents had undergone were men exa* 
mined. 

The chalk in the iirft apparatus afforded 26 
grs. of nitrat of lime mixed with a little nitrat 
of ammonia; the potaih in the third receiver 
had become faturated with carbonic acid and 
had partly cryftallized on the fide of the receivers 
but contained no nitre. 

In the fecond apparatus the water of the two 
firft receivers had acquired a very putrid fmell 
from the gas which had pafied through it, and 
contained a little ammonia but afrorded no 
nitrous fait on evaporation: the chalk in the 
third receiver afforded by lixiviation no more 
than 4 grains of nitrated lime. 

In the third apparatus the lime water had 
deppfited its earth in the (late of carbonats and 
the fupernatant fluid had a ftrong odour refem- 
bling ammonia and putrid garlic: by evaporation 
it yielded 5 or 6 grains of nitrated ammonia. 
The chalk in the third receiver gave only a 
flight trace of nitrat of lime. 

In the fourth apparatus the potaih was cryf- 
tallized but contained no nitre: with fulphuric 
acid it effervefeed ftrpnglys giving out a very 
pungent and highly fetid gas: the chalk in the 
third receiver gave no indications whatever of 
the prefence of ah]^ nitrous fait. 

The gas remaining in the receivers and col- 
leAed ip the pneumatic apparatus was in all 
the four experiments found ^to be flightly in- 
flammables although when rifing irom the 
putrefying materials it extin^iihed a taper 
immerfed in it. This putrid uiflammable gas 
was incapable bv itfelf of nitrifying chalks but 
when, mixed witn waihed atmo^heric airs car- 
bonic acid foon made its appearances and then 
the gas became capable of impregnating chalk . 
with nitrous acid as at firft. 

The above experiments were undertaken 
when pneumatic chemiftry had as yet made but 
little progrefss and therefore the dedufriona 
from them are by no means equivalent to the 

• Msm. String, de Td 


labour apd time employed in carryiing them on : 
it appears hoM^eyer that we may legitimatelj 
draw the following -conclufions. In the firft 
place the formation of nitric acid from animal 
matter in putrefa£lion, is not owing to atmof- 
pheric air being prefented to the azot when in 
a nafeent ftates for this change takes place after 
the azot and other gaZefiable fubftances have 
a£^uaily aflhmcd the claftic form. Secondlys 
the elements of the putrid gas are carbonic 
acids azots hydrogen and carbons not mixed 
but combined together though weakly: this 
combination is in part deftroyed by mere wafli- 
ing in water, but more compleatly by the a£iion 
of thofe alkaline bafes that are not compleatly 
faturated with carbonic acid ; when the car- 
bonic acid is abftra£ted, the further decom- 
pofition of this gas by atmofpherlc air tends 
more to the production of ammonia and cai- 
bonic acid than of nitric acid. Waflied chalk 
after being thus nitrified often contains a little 
nitrat of potaih as well as nitrated lime : it docs 
not however hence neccflarily follow that pot- 
afli is alfo a produf): of putrefaction ; for it 
may poflibly pre-exift in the chalk in a ftate 
infoluble in water, as it does in leucite, in the 
alum ore of La Tolfa, and other minerals. The 
important pra£i:ical conclufion to be deduced 
from thefe experiments is that the only alkaline 
fubftance* to be admitted in the compofition of 
nitre beds is mild calcareous earth. 

Chalk however is not only capable of being 
nitrified bv expofure to the combined action 
of atmofpneric air and putrid gas, but allb 
by means of the atmofpneric air alone. On 
this fubjefb there are fome experiments by 
Lavoifier and Clouet, much to the purpofe.*^ 
The village of Roche Guyon on the Seine, 
is fituated on a ridge of chalk, which having 
the character of nitrifying fpontaneoufly by cx- 
pofurc to the air, was on tliis account vifited 
and particularly examined by the able chemifts 
juft mentioned. In order to afeertain whether 
this chalk before the aflion of the air con- 
tained any nitrous fait, felection was made of 
a part of the rock which had recently been laid 
bare by the falling down of a large mafs. In 
this newly-expofed face of rock, a gallery had 
been dViven, of which the further extremity 
had been excavated only two or tliree days 
before. In order’ to render the experiment as 
unexceptionable as poflible, about a foot more 
of chalk was removed from the extremity of 
the ^gallery, after which a fpecimen of the 
weight of 1 2} lbs. was dug out, and fubjeded 
Cftd.det Sci. zi. p. 5#3. 
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aldumgh it <Ud not detmiate in the finalleft 
degree whh charcoalt jet bj fulphoric acid^ 
it gave out acid funiee» m which the odour oC' 
nitto-muriatic acid was juft perceptible. 

Hence loo French lbs. ox uis chalk afibrd . 


to lixiviadon : bj evaporadon of the fluid diexe 
were depofited 4 grains of muriated foda 1 and 
the linall refidoe of modier water aflbrd^ by 
the addition of carbonated potalh 5^ gruns more 
of falti which appeared to be munat of potalh, 
with perhaps a flight admixtuie of nitre, for 

gros. grains. 

- . - 3 » 

^Muriat of Potalh and a little nitre - - - 5 — 64 

6 >— 24 


A fimilar fpecimen was taken with the fame precautions from an adjoining {^lery and lixiviated,, 
the faline contents of which calculated on too lbs. amounted to 


without \ Selenite in linall quantity 

Potalh j Mother water, which gave gros. grains, 

with iimpure nitre - o— • 68^ 

Potalh j Muxiat of potafli x — 38 


a — 34 f 


Another Qiecimen of chalk, taken from near the fummit of a rock after having removed' the 
furface to the depth of about two feet, aflbrded by lixlviation from too lbs. 
without! A little felenite 

Potalh / Mother water, which gave oz. gros. grains, 

with \Nitre i — a — 24 

Potalh / Muriated potalh - -- -- - o — X*— 

> ~ 3 — 34i 

A fpecimen of chalk taken from the middle of a.rock,. after having removed the furface to the 
depth of two feetj afforded from loo lbs. 


without! A little felenite 

Potalh J Mother waterp which gave oz* grosw graiim 

with i Nitre ----- - .j — igj 

Potalh / Muriat of potalh e i — 70 


5 — ■ 7 — *7t 


A fliallow cave that had been diig out of the chalk rock a eonfiderable time before, was- 
obfened to be lined with faline efflorefcences : after die outer liirface had been removed tw 
tile depth of three inches, a fpecimen was te^en, which afforded from loo IBsi 

Ibsi oz. gr6s. grains.. 

without! Nitre ------ 5 ®i 

Potalh /Mother water, which gave 

pSh}Ni*« o — to — I — St»* 




NIT • ( 163 ) NIT' 

- The eflkvefced Auface to the depth of three inchea, of the fame' care, afforded 
. lbs. oz. . gros. grains. 

widioutVNitre ^ ^ 

- Potaffi ^Mpther water, which gave 

with 1 Nitre - -- -- -- * — 3 — 24. 

Potafli J Muriat of Potalh - -- o — iz — 5 — 66 


5 — 4 — * — 49 


A fpecimen from another (hallow cave, after the outer furface to the depth of between three 
lind four inches had been removed, afforded from too lbs. 


without 1 

1 Nitre-- 

lbs. 

0 — 

ozs gros. grains. 

8 — 0 — 0 

Potafh j 

f Mother watery which eave 



with 1 

1 Nitre ------- 

I — 

9 4 _ 8 

Potalh J 

(Muriat of potalh - - - 

0 — 

^ ^ 

5 — 4 — 


1 

7 . 

7 — 0 — S 9 \ 


Hence it appears th^ the chalk compofing atom of nitrat of lime was generated ; while ia 
thefe rocks, mough ^rhaps not abfolutely and a (imilar experiment in which waflied chalk 
entirely^ deftitute of nitric acid even at their was' expofed to tmvia/bei air, a very fenffble 
centre, is much more abundant in this (iibAance quantity of nitrated lime was produced. Now 
in proportion as it is fituated near thmr furface, the waffling could not feparate the azot or 
and that the perfed; nitre or nitrat of potalh is oxygen, though it might and no doubt would 
only found near the furface of the chalk: a take away any nitric acid ready formed, or 
circumftance which feems to (how that both any nitrous fait that might be contained in the 
the acid and alkali have been either depofited atmofphere. It is obferved of thefe chalk rocks 
from the air, or formed by the contad of this that thofe parts that are adjacent to inhabited 
latter with the chalk. In confirmation of this biiildines yield a greater proportion of nitrat of 
deduflion may be mentioned an experiment by p^q/b Aan tliofe which are at a dillance from 
the Due de la Rochefoucault, who lixiviated a noufes j a circumffance that feems to point out 
confiderable quantity of chalk, fo as to diffolve a probable fource of the alkali without fuppofing 
out its (aline contents, and then expofed it to it to be generated either in the air or chalk, 
the a£fion of the air for fourteen months. It is well known that the common fuel in France 
during which period it had acquired not only is wood, tlierefore the air in the vicinity of 
nitric acid but potalh, fince the liquor of the houfes muft be more or lefs impregnated witli 
lecond lixiviation depofited by evaporation a pyroligneous acid contained in the wood fmokc i 
little nitre, and afterwards a confiderable but the acid v^our that (lies off in the com- 

*ity uaore on the addition of potalh. Thefe mon method of preparing charcoal (and which 
fatls having never been called in quellion,^ the is no other than pyroligneous acid) when col- 
next inquiry that occurs is whether, the atmol^ leAed in a proper apparatus condenfes into a 
pherg fumilhes the entire nitric acid or only four liquid from which by gentle evaporation 
one of the conftituent parts of it ? That this a black refidue is procured that yields by incin- 
latter is the Cafe might be inferred from the eration a large proportion of potalh, as we have 
frequent occurrence of organic remains and (hewn in, our account of that fubftance, in the 
imprelfions in chalk, whence this mineral may article Carbonat of Potash. 
be fuppofed to be by no means deffitute of It only remains to give an account of the 
animal matter. Againft this. however there may extraflion of nitre from the earths in which it 
be alleged a dired experiment by M^Thouvenef, is contained, and of the purification of this 
who on expofing fome walhed chalk for fix or fait. 

feven monl^ to a portion of atmofpheric air The firft thing is to affay the earth. This 
confined in a lar«. receiver, and previoufly well is done by lixiviating a few pounds of it and 
in diftilTcd water, found that not an adding to. the liquor thus obtained as much 

•' X2 
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ef a folutlon of common potafh of a known 
ftrength, as is fufficient to decompofe all the 
earthy falts. From this afTay the quantity of 
alkali required is eafily calculated. 

The next procefs is the lixiviation ; which is 
performed in the following manner* Several 
oart-loads of nitrous earth are mixed as accu- 
rately as poflible with the requifite quantity of 
alkali, either in the form of wood-aflies or pul- 
verized potafli. Several large calks with perfo- 
rated falfe bottoms are then filled with the 
prepared earth laid on very lightly ; after which 
as much river water is poured in as the veflels 
will hold. In two or three hours time the cock 
nt the bottom of each calk is turned, and the 
liquor is allowed to drain out during the re- 
mainder of the day. The calks of a fecond 
feries charged with earth as before are now 
filled up with the firft Iixivium,and after Handing 
for a few hours the liquor thus concentrated 
is drawn off in the manner juft deferibed. By 
a fimilar procefs on the third day a lixivium 
thrice as Itrong as the firft is obtained, which 
is i\ow fuflicicntly concentrated to be boiled 
down. The contents of each feries of calks 
are lixiviated twice more, and the weak folu- 
tions thus obtained are employed iiiftead of 
water in the firft and fecond lixiviations of frelh 
parcels of earth. 

The boiling down and evaporation next fuc- 
rceds. The lixivium, containing nitrat of pot- 
afti, the muriats of potalh and foda, with pro- 
bably a few other falts, and various earthy 
and other impurities, is put into a large boiled 
like a falt-pan, and heated nearly to ebullition ; 
it is then clarified by the addition of bullock’s 
blood, or a folution of glue, the impurities as 
they appear on the furface being careiully Ikim- 
med off : when no more froth rifes of itfelf a 
little lime-water is added, which coagulates the 
remainder of the blood and glue, and thus com- 
pleats the clarification. It is now boiled for 
fcveral hours, and the muriats of potafh and 
foda as they depofit are withdrawn by a perfo- 
rated ladle. When tlie liquor is fo concentrated 
that a few drops cryftallize readily on being 
dropped on a cold iron, it is laded out into a 
vat, where it remains half an hour to depofit 
the common fait and impurities ftill floating in 
it : hence it is transferred to large wooden or 
metallic cryftallizing bafons, where it remains 
clofc covered up during from three to fix days, 
according to the temperature of the air at the 
expiration of this period the fluid mother water 
is poured out and returned to the nitre be^,. 
and the fait depofited in a confufed cryftallme 


mafs of an opake dirty white, is broken to 
pieces and fet to drain, after which , it ns brought 
to market or delivered in to the government 
ftores, as rough nitre or nitre of the firft 
boiling. 

In order to refine the rojugh nitre, the ancient 
radlice was to fubje6k it to two more fucceffive 
oilings and cryftallizations ; by this method 
however a very confiderable proportion of the 
nitre was left in the mother waters, no incon* 
fiderable (hare was volatilized by the heat re- 
quired for evaporating the folution when it had 
nearly acquired the due degree of concentra- 
tion, ^and befides a great expence both of time 
and fuel was incurred. Tne modern method 
of refining this fait was invented in France ^ 
few years ago, and is now confidered as brought 
nearly to pcrfe£lion. It is thus effefled : 

The rough nitre is broken to fmall fragments 
by wooden mallets, and is then put into a 
wooden tub with 2o per cent, by weight of cold 
water ; in this Hate it remains* for fix or feven 
hours, being occafionally well ftirred up, that 
the water may have free accefs to every part- 
The water is now let out by a hole at the bot- 
tom of the veflel, and carries with it in folution 
all the deliquefcent falts, and tlie greateft part 
of the muriats of foda and potafli, together with 
fome nitre. When the whole of the liquor is 
drained off lo per cent, more of water is added,, 
and well mixed with the nitre for an hour’s 
time, when it is difeharged in the fame manner 
as the firft. Laftly, 5 per cent, of water is 
poured in and run off again almoft immediately 
after. The nitre thus wafhed, after being well 
drained, is put into a boiler with half its weight 
of water, and boiled till a pellicle forms on its^ 
furface ; the liquor is then difeharged into 
large leaden cooler, and ftirred about with rakes, 
till it is quite cold, by which manipulation the 
fait is depofited in fmall cryftallinc needles.- 
It is now taken out of the liquor with a perfo- 
rated ladle and well drained : after which it is 
wafhed with 5 per cent, of cold water, and again 
drained : being then fpread out on a large table 
it dries in a few hours, and is laftly heated over 
a fire in large bafons for two or three hours, at 
a temperature not exceeding 120* Fahr. taking 
care to ftir it all the while by this treatments 
it is perfedHy purified and brought to the con— 
fiftence of fine fand, and is now ready to be 
manufa£iured into gunpowder. 

Nitrat of Soda; Cubic or Rhomboidal- 
Nitre. 

This (alt cryftallizes in rhomboids or oblique^ 
quadrilateral prifms.. Its flavour is fimilar u 
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that of common nitrcj except that it is lome- 
what more bitter. It does not appear to occur 
native^ but may readily be prepared by fatu- 
rating nitric acid witli carbonated foda and then 
cvapomting the folution to a pellicle : the cryf- 
tals are depofited as the liquor cools. 

. When placed on a hot coal it firft (lightly 
decrepitates and is then decompofed like com- 
mon nitre, only with not fo vigorous a deto- 
nation. By expofure to the air it becomes foft 
and moift, without however abfolutely delU 
> quiating. 

It is foluble by thrice its weight of cold 
water, and in lefs . than its weight of boiling 
water. It is decompofed by the fulphuric and 
other acids with the fame phenomena as com- 
mon nitre ; it is alfo decompofed by potalh and 
barytes, cauftic foda being liberated. 

It is compofed according to Kirwan of 
^3.21 Nitric acid 
40.58 Soda 
6.21 Water 



Mitrat of foda is not applied to any ufe. 

Nitrat of Ammonia. Nitrum Flammans 
•f the older chemifts. 

This fait is feldom if ever found native, and, 
is produced in the laboratory by faturating dilute 
nitric acid by carbonat of ammonia, and evapo- 
rating. If the evaporating heat docs not ex- 
ceed 100^, the liquor on cooling (hoots into 
tranfparcnt cryllals in the (hape of (ix-(idcd 
prifnis, terminated by long (ix-fidcd pyramids. 
But if evaporated at the heat of boiling water, 
it yields on cooling thin (ibrous cryftals, or if 
the evaporation be carried nearly to drynefs, the 
whole concretes into a compa£t (hapeiefs mafs. 

Mr. Davy infers thefe three varieties of 
nitrat of ammonia to be compofed as follows : 
200 grains of folution of pure ammonia con- 
taining 50.5 grains of alkali falurated 3^5*5 
grains of nitric acid of 1306 fp. gr. containing 
X90 grains of real acid, edimated in the way 
mentioned under that article. This mixture 
evaporated at 212® gave 254 grains of (ibrous 
nitrat of ammonia. But from comparing the 
Ipeciiic gravity of the mixture before evapora- 
tion with that of a folution of another equ^ 
portion of the fibrous fait, it was found that 
S grains of the fait were diffipat^d during the 
evaporation. The quantity of water in the 
s 54-1-8 grains of the fait, was 21-5 grains, and 
lienee leo parts of the fibrous fait are compofed 


of about 72.5 nitric acid,. 19.3 ammonia, and 8.a 
water. 

The prifmatic fait (or that produced by gentle 
evaporation at a heat not exceeding 100®) is 
compofed of about 69.5 per cetit. of acid, 18.4 
of ammonia, and I2.i of water. 

The other variety, the compn£k fait made 
by evaporation to drynefs at a heat not ex- 
ceeding 300^ contains according to this able 
chemid 74.5 of acid, 19.8 of alkali, and 5^7 of 
water. Some of the fklt is diflipated during 
evaporation. 

In thefe three varieties tlie quantity of alkali 
bears nearly the fame proportion to the acid, 
and the difference is chiefly in the w’^ater of cryf- 
tallization. During evaporation of the folution 
at a heat below 100® fcarcely any lofs of fait is* 
dete&cd ; at 2 1 2* the lofs is about 3 or 4 grains 
per cent, and at the boiling point of the faturated 
folution (which is many degrees higher) th& 
lofs is about 4 to 6 grains per cent* 

This fait may alfo be made by the decompo- 
fition of fulphat of ammonia by nitre. Nitrat 
of ammonia and fulphat of potafh are formed, 
and if no more nitre be added than is fufficient 
for tlie dccompofition, a judicious evaporation 
and crydallization, two or three times repeated, 
will feparate thefe two falts almod entirely. 
Mr. Davy edimates that 100 grains of fulphat 
of ammonia require about 134 grains of nitre, 
and yield 91 grains of compa£); nitrat. of am- 
monia. 

This fait is deliquefcent in all its forms, and is 
extremely foluble in water. Its tade is peculiar, 
and very pungent. 

When the dry fait is heated fuddenly and’: 
drongly (as when a fmall quantity is dropped 
on a red-hot earthen crucible) it inllantly melts,« 
takes (ire and burns with great ebullition and- 
hilling, and a red-blue flame, but without cxplo- 
(lon, with nearly the fame appearance as 
a lump of nitre is thrown on hot coals. Nitrat 
of ammonia is the only nitrat that deflagrates- 
without the contail of any carbonaceous or in- 
flammable matter, wliencc the immediate decom- 
pofition of the ammonia may be inferred, the 
hydrogen of the alkali furnilbing inflammable 
mattes for the oxygen of the nitric acid. This 
fclf-inflaming property makes it ncceffary to 
ufe caution in heating any dry mixture of nitric 
acid and ammonia in clofc veiTels. It has'how- 
ever been examined in this way by Mr. Davy, 
and the dry didiliation of this (alt is now parti- 
cularly intcreding, as it furniihea that curious 
gas the nitrous oxyd* 


Eefcarchei. 
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The compaA dty nitrat of ammonia, heated 
without addition in a fmall glafs retort, with 
the bulb of a thermometer inclofed, was found 
to undergo little or no change at a heat below 
260°. From 275* to 300® it (lowly fublimes 
without decompofition or without becoming 
fluid. At 320 it becomes fluid, flowly fublimes, 
but alfo now begins to be decompofed and to 
ive out gafleous nitrous oxyd. From this the 
eat may be fafely raifed.to about 440% at 
which it is totally refolved into the gas, and is 
^iflipated without leaving any refidue. The 
prifmatic and fibrous varieties of this fait as 
they contain more water of cryftallization, be- 
come fluid below 300% and if not heated above 
430®, they part with this water before they are 
decomjiofea into nitrous oxyd. The further pro- 
perties of this gas will be deferibed under that 
artkde. 

Nitrat of Barytes. 

This fait is prepared artificially by diflblving 
in dilute nitric acid the native or artificial carbo* 
nat of barytes^ the methods of procuring which 
are deferibed under that article. 

On evaporating the folution and cooling, the 
nitrat of barytes feparates generally in regular 
o£lohedrons. This fait is of an opake-white, 
hard, and not deliquefeent. It is one of the 
lead foluble of all the nitrats, requiring twelve 
times its weight of water at 60®, and about four 
parts of boiling water. Hence nitric acid poured 
into a concentrated folution of muriat of bary- 
tes, will caufe an immediate white precipitate, 
which however is refoluble in more water, aitd 
is nitrat of barytes. 

This nitrat is compleatly decompofed by heat, 
jthe acid is driven off, and the barytes remains 
pure and cauftic, as already mentioned under 
the article BaryUs. 

Nitrat of Lime. 

The production of this fait in calcareous 
buildings, &c. that have been ufed by animals, 
and its intimate connexion with the manufadure 
of nitre, has been fully deferibed under the 
article Nitrat of Potajh. 

Nitrat- of lime may be made artificially in 
great purity hy faturating nitric acid with white 
marble or calcareous fpar. This folution when 
evaporated to a very thick fyrupy confidence, 
crydallizes in a cool air into long prifms re- 
fembling bundles of needles diverging from a 
common centre. If further evaporated, the 
folution when cold concretes into a fibrous and 
ihapelefs mafs. 

This fait is bitter and* pungent. It diflTolves 
in its own weight of boiling water, and twice its 


weight of cold water. It is very del!q|ie(ceht. 
When heated per fe^ all the water and acid are 
driven oflF, and only pure lime remains, but if 
the heat be too drone it vitrifies with the cru« 
cU>ie employed, if of earth. Lime has been 
faid to be crydallizablc in this way, but the ex- 
periment has not fuccceded with many accurate 
chemids. 

Nitrat of Strontiak. 

This fait is readily prepared by faturating 
dilute nitric acid with the native or artificial 
carbonat of drontian (either of which it readily - 
diflblves) and evaporating the folution, which 
forms oAohedral crydals much refembling the 
nitrat of barytes in appearance, but much more 
foluble, requiring only five parts of cold water 
for their folution. 

This fait is alfo compleatly decompofable by 
heat, ami the drontian is left pure, fo that it 
may readily be made to crydallize, as will be 
further mentioned under the article Strontian. 

Nitrat of drontian like many other falts with 
this balls give a red flame to burning alcohol. 

Nitrat of Magnesia. 

This fait when crydallized aflumes the form 
of rhomboidal prifihs with obliquely truncated 
fummits or of needles for the mod part ad- 
hering to each other. Its fp. gr. is =: 1.7^. 
Its tade is pungent and bitter like that of ni- 
trated lime. It is faid by Fourcroy to occur 
native and in nitre beds, and to be contained 
in the mother water of nitre, which is by no 
means improbable. When wanted however for 
chemical examination it is prepared by fatu- 
rating nitrous acid with magnefla either pure 
or carbonated, and then evaporating the folution 
to an oily confidence and fubfequent crydal- 
lization. 

Nitrat of magnelia when expofed to the air 
attrafls moidure, and at length, though flowly, 
is refolved into a fluid. If heated in a crucible 
it fird melts in its water of crydallization, and 
after this has evaporates! it becomes dry. On 
incrcafing the temperature it gives out a little 
oxygen gas, which is prefently fucceeded by 
nitrous vapour and nitrous acid, nothing re- 
maining behind except the earth in a date of 
purity. 

This fait is foluble in its own weight of water 
at 50® Fahr. and in a confiderably fmaller pro- 
portion of boiling water ^ hence it depofits cryf-^ 
tals by cooling. It is alfo foluble in nine times 
its weight of alcohol. 

When heated with combudible fubdahees it 

J rives out a few fparks, but cannot, properly 
peaking, be faid to detonate* 
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Nitrat of magnefia is decompofable widi ab« 
ftraflion of its acid by tlie fixed alkalies $ by 
bames, ffrontlany and fiine> the magnefia in all 
thefe cafes being precipitated. Ammonia only 
in part decompofes this faltf forming with the 
reft a triple compound^ the ammoniaco-mag- 
nefian liitrat. The fulphuric^ phofphoricj and 
fluoric acidSf with many of their neutral falts^ 
decompofe nitrat of magnefiaj the earth com- 
bining with the added acid. If to a ftfong 
folution of this fait, nitrat of lime alfo in denfe 
* folution be added, a precipitation of the mag- 
nefian nitrat takes place, being deprived of its 
water of folution by the nitrat of lime. 

Its component parts according to Kirwan are 
46 Nitric acid 
22 Magnefia 
32 Water 

leo 

It is not made any ufe of. 

Ammoniaco-magnesian Nitrat. 

This fait appears in the form of (lender acicu- 
lar prifms : to the tafle it is bitter, acrid, and 
ammoniacal. It is prepared by a partial de- 
compofition of nitrat of ammonia by magnefia, 
or of nitrated magnefia by ammonia, or, ftill 
DCtter, by the direA union of the folutions of 
nitrat of ammonia and nitrat of magnefia. 

By long expofure to the air k attra£{s a cer- 
tain quantity of moifture, though it docs not 
deliquiate. It requires eleven times its weight 
of water at the ordinary temperature for its 
folution, but a confiderabl]^ fmaller proportion 
of boiling water ; hence this latter folution de- 
pofits cryftals as it cools. 

It is not decompofable by ammonia, but fs 
fo by the fixed alkalies and by all the alkaline 
earths, even magnefia y the ammonia being dif- 
engaged. When dropped uito a red hot cru- 
cible it undergoes a (light inflammation. By 
expofure to a more gradual heat in a retort it 
gives out oxygen gas, nitrous vapour, nimc 
acid, azot and water, the ammonia being, en- 
tirely decompofed ; pure magnefia remains be- 
hind. 

It is compofed according to Fburcroy of 
78 Nitrat of magnefia 
22 Nitrat of ammonia 

ICO 

It is not made any ufe of. 

Nitrat OF Alumine. 

This fait is ufually of a gelatinous confiftence. 


fometimes though rarely it is obtained in the 
form of foft thin pliable cryftalline plates. To 
the tafte it is four and adringent, it reddens 
blue vegetable colours and therefore contains 
an excels of acid. It has not been found native 
but may be prepared by digefiing pure alumine, 
or the precipitated earth of alum in nitric acid. 
In the latter cafe the earth is diflblved with 
efFervefcence on account of a portion of carbon- 
ated alkali remaining in it, and this folution' 
for the fame reafon is more readily crydallizable 
than when pure alumine is employed. By 
expofure to the air it foon deliquiates. It is 
very foluble in water either hot or cold, and by 
evaporation and cooling generally takes the 
confiftence of jelly. It produces neither flame 
nor detonation by bein^ heated with combuf- 
tible bodies. When difiilled per fe the acid 
flies olT at a moderate temperature, leaving the 
earth behind in a (late of purity. It is decom- 
pofable by fulphuric and muriatic acids and bv 
all the alkaline bales. It is not made any ule 
of. 

{ Glycine. See Glycine. 
Yttria. See Gadolinitb. 
Zircon. See Zircon. 
Nitrite of Potash, or Phlogtfticated Nit re. > 
We have already mentioned that nitrous acid 
is compofed of nitric acid and nitrous vapouf. 
Now if nitrous acid and potafii be mixed to- 
gether the former is decompofed its nitric 
acid combines with the alkali forming nitre, 
while the nitrous vapour alTiimes a galTeous 
(late and flies o(F. Hence it appears that no 
filch fait as nitrite of potalh can be made by the 
dire£l addition of its ingredients. We are 
indebted however to the fagacity of Bergman 
and Scheele for the interefting fad that if com- 
mon nitre be melted per fe and kept in this (late 
till part of its oxygen is driven off, the refidual 
fait is a proper nitrite of potalh. In this (late 
it deliquiates by expofure to the air and is de- 
compo&ble by the addition of vinegar and any 
of the (Ironger acids, red nitrous vapour being, 
given out. Dr. Thomfon is of opinion that 
nitrite of potalh dilFers from the nitrae only in 
being faturated with nitrous gas : if this be the 
cafe tl}e common nitrite ought to contain an 
excefs of alkali. 

It is made no ufe of . 

Of the other nitrites* nothing is known with, 
any certainty. 

NITROXJ« gas; or Nitrous Air. 

This fubllance has already been mentioned' 
under the articles Nitric acid and Eudiometrj^ 
(to which we (hall refer our readers) and many 
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of its properties deferibed. It has been there 
ftated to be an oxyd of azot^ or to confift of azot 
united with a certain portion of oxygen but not 
fufEcient to conllitute nitric acid. On the 
other hand there is another fubftance the nitrous 
oxydf or gaffeous oxyd of azot alfo compofed of 
azot and oxygen« but in which the latter is in 
iinaller proportion than in nitrous gasj fo that 
nitrous gas is intermediate between the two, 
and being readily decompofable by a variety of 
•chemical agents (both, thofe that give and tnofe 
that take away oxygen) the prod u£t ion of 
nitrous oxyd or of azot on the one hand, and 
of nitric acid on the other, is always to be fought 
for in all experiments on nitrous gas. 

The nature of this gas was firfl; explained by 
Dr. Prieftlcy who (hewed it to be a conftituent 
of nitric acid, and (hewed honjo it was converted 
into this acid, that is, by union with oxygen, 
and hence he ingenioufly applied it to the 
analyfis of air containing oxygen, as has been 
already deferibed under the article Eudiometry. 
Since his time this gas with all its varieties has 
been the fubjc£k of a great number of able 
refearches, and its properties have been very 
fully explained. 

Nitrous gas is obtained mdft conveniently 
during the folution of fome of the metals in 
nitric acid. Moll of the metals are a£ted on 
by this acid and decompofe it, but in the 
procefs fome of them produce nitrous gas nearly 
pure; others, a mixture of nitrous gas and 
nitrous oxyd, and others nitrous oxyd nearly 
pure. The degree of concentration of the acid 
alfo and the temperature have a great elTefl on 
the gaileous produ£l, for, when thefe are fuch 
as to produce a very violent a£lion, red nitrous 
vapour is alfo given out, and the produfls are 
different from thofe that occur with a flower 
a£lion. 

Copper and mercury are the metals that 
. produce the pureft nitrous gas. Shreds of 
copper^ or a fmall quantity of mercury, (liould 
be put into a bottle with a curved tube and the 
bottle nearly filled with an acid of fuch (Irength 
as to a£k moderately fall at a heat tolerable to 
the hand, which will be made by diluting the 
concentrated acid with about three parts of 
water. As the metal diflblves, the nitrous gas 
is given out, and after a fmall quantity has run 
to wade to difplace the air of the veflel, the gas 
may be colle£led in jars over water. During 
the procefs a gentle heat may be ufed to haden 
the produdion of gas* By this method nitrous 
^as may be procured fo pure as not to contain 


more than rV to yV of impurity, which is 
azotic gas. According to Mr. Davy loo cubic 
inches of tliis gas at 56*^ therm, and 30.9 bar. 
weigh 34.3 grains, which at 55° therm, and 
30 bar. would weigh 34.26 grains. 

Nitrous gas therefore is heavier than common 
air, according to Davy in tlie proportion of 
1101.6 to 1000. 100 inches of common air 
weighing 31. i in the fame circumdances in 
which nitrous gas weighs 34.26. / 

Nitrous gas is to a certain degree ablbrbable 
by water. 100 cubic inches of the pureft « 
water deprived of the air it naturally contains 
by long boiling, and cooling over mercury, (that 
it may not again abforb air from the atmofphere) 
will abforb about it. 8 of nitrous gas or fome- 
what more than ^ of its bulk. Common fpring 
w'ater abforbs a (mailer quantity, but the ab- 
forption however appears Icfs tnan it really is, 
as the gas .is partly decompofed by the atmo-* 
fphcrxal air contained in all natural waters, and 
the azot of this air is given out, whild its 
oxygen forms nitric acid with the abforbed 
nitrous gas. Water faturated with nitrous gas 
has no didinguilhing tade, and if the water be 
previouily boiled and cooled over mercury, it 
(hews no acidity by the mod delicate teds. 
Mr. Davy finds (contrary to the ojilnion of 
Humboldt,) that nitrous gas is not in the lead 
altered or decompofed by folution in pure water, 
and that it is again totally expelled by a boiling 
heat unaltered. 

Nitrous ^as is immediately fatal to animals 
enclofed in it. Mr. Davy had the ra(hnefs to 
infpire a fmall quantity of it which gave a very 
burning adringent tade to the mouth and throat 
(owing no doubt to the formation of nitrous 
vapour by union with the common air in thefe 
organs) and the confequence was fevere inflam* 
mation which laded fome hours. 

This gas diflblves readily in many of the 
acids. With the fulphuric it gives a purple 
brown colour, and when in the form of nitrous 
vapour it caufes this acid to crydallize. The 
change produced in the conditu'tion of nitric 
acid by the abforption of this gas has been fully 
detailed under this article. 

The habitudes of nitrous gas with combudible 
bodies arc peculiar. A taper dipped in this gas 
is immediately extingui(hed, but pyrophorus 
burns with increafed flame, as Dr. Priedley 
difeovered. Charcoal is flowly confumed in it 
if kept at a red heat. The particulars of fome 
of thefe experiments require a further notice, as 
they lead to determine the compofition of the gas. 
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* Dr. Prieftley inclofed a piece of charcoal 
{recentlj heated ftrongly in fs^nd) in nitrous gas 
and threiv on it the rays from a lens for a con« 
fiderable time. The bulk of air was not much 
diminiflied^ and when examined it was found 
to contain little or no fixed air, and extinguifh* 
ed a candle. 

The fame experiment was rested by Mr. 
Davy. The volume of the gas after the heating 
of the charcoal for half an hour was increafed 
by about Vv* On adding a folution of pale 
g^een fulphat of iron (which totally abforbs 
nitrous gas) a diminution of only ^ of the 
whole took place, but on throwing up cauftic 
alkali a rapid abforption enfucd and the gas 
was reduced to half its original bulk. Part of 
the relldue was mixed with its own bulk of 
oxygen and the ele£tric fpark palTed through, 
but no effeCk took place, and hence it was 
proved to be pure azot. The quantity of the 
latter therefore was eftimated to be the whole 
of the azot contained in the nitrous gas em- 
ployed, and the proportion of oxygen was 
inferred from the carbonic acid produced, and 
which was abforbed by the alkali, and hence 
Mr. Davy infers that loo grains of nitrous gas 
are coxnpofed of 56.5 oxygen and 43.5 azot. 

But it was pofTible that fome nitric acid 
might have been generated by the combuftion of 
char^r«ul in the gas which would efcape de- 
tedlion^ in the smove mode of analyfing, to 
determine which the experiment was repeated 
as before, and fome pale green fulphat of iron 
thrown up to the relidual gas, after which a 
few drops of prufliat of pota(h were added. 
Now if any nitric acid had been generated it 
would have been abforbed by the fulphat of 
iron and reduced a part of it to that Hate of oxy- 
dation in which it gives a Uue precipitate with the 

J ruiliat ; but the precipitate was ftill white, and 
ence it is inferred that no nitric acid was pro- • 
duced. 

^ Pyrophorus was found to burn with eafe in 
nitrous gas, and the reGdue was pure azot. 
From an experiment made with this fubftance 
and an eftimation of the reGduary azot, the 
compoGtion pf 100 grains of nitrous gas would 
53*4 of oxygen and 46.6 azot. But the 
decompoGtion by charcoal appears the moft 
correA, fo that on the whole it may be efti- 
mated that 100 grains of this fubftance contain 
56 of oxygen and 44 of azot. 

Some combuftible fubftances bum in. nitrous 
gas If actually in vivid combuftion when they 
are introduced, but cannot be brought to this 

■ gvperimeatf ea Air, Vol. If. j 


ftate when heated in the gas. Phofphorus is an 
example of this, as it may be fufed and even fub- 
limed in nitrous gas without change, but when 
already inflamed it continues to burn in the gas 
with nearly as much vividiiefs as in oxygen. 

Burning fulphur however is inftantly extin- 
guifhed in nitrous gas. 

The eleflric fpark when taken repeatedly ii| 
nitrous gas over water, diminifhes it to one 
fourth of its original quantity,^ at the fame 
time that nitric acid is produced, litmus ‘ta- 
clofed in it being ftrongly reddened. If the 
eleflrization be carried on in contaft with 
mercury the diminution is only one half; and a 
white powder is obtained which is the nitrat of 
this metal. The air remaining after the utmoft 
efFe£t of the eledlric fpark appears to be pure 
azot. This decompoGtion is much more rapid 
than the formation of nitric acid by the ele£tri- 
zation of common air or any mixture of GmpleT 
oxygen and azot. 

. In this procefs Berthollet conjeAures that 
nothing is added or taken away by the furround- 
ing bodies, but that the whole change takee 
place in the nitrous gas itfelf by the condenfation 
of its oxygen into one portion of the azot to 
form the nitric acid, and its confequent defertion 
of the otlier portion. Neither inflammation nor 
detonation is produced by palfing a ftrong (hock 
through a mixture of hydrogen and nitrous gas. 

Mere heat does not produce any fenGble 
change on this gas. 

Much has already been mentioned under the 
article Eudiometry concerning die abforption of 
nitrous gas by a folution of fulphat of iron, 
(Grft noticed by Dr. Prieftley) and the very 
elaborate inveftigation of this difficult fulnefl by 
Humboldt and Vauquelin, together with fome 
of the oIrie£rions brought by Berthollet on the 
fource of^the ammonia formed in this procefs. 
Others of equal force have been urged by Mr. 

, Davy, to whofe experiments on this fubjeA we , 
mull refer the reader. From them he concludes 
that die red or fully oxygenated fulphat of iron 
has little or no affinity with nitrous gas, and 
that the common green vitriol abforbs nitrous 
gas only in proportion to the quantity of fub- 
oxygenated or green fulphat which it contains, 
(for an^ count of the difference between thefe 
(wo (he article Irm) sind that at a 

common temperature the xiitrous gas is Amply 
diflblved therein without being decompofed. 

A highly concentrated folution of green ful- 
phat will diflblve about la times its bulk of 
nitrous gas. 


▼(ML. II. 
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The fame difference as exifls between the red 
and green ful^hat of iron is found in the red 
and pale munat of iron and fimilar habitudes 
with nitrous gasj for the red muriat has very 
little a£lion on this gasy but the pale muriat 
abforbs it with ftiU more eagernefs than the 
pale fulphat. This muriat is formed by dif- 
folving iron filings in muriatic acid> taking care 
to keep a quantity of undiffolved metal in the 
folution, and preferving it in a clofely corked 
bottle. This lolution is of a pale green colour^ 
and gives a white precipitate with prufliat of 
potaih. One cubic inch of the folution highly 
concentrated will abforb nearly 24 inches of 
pure nitrous gas, which changes the colour to a 
very dark brown but produces no precipitate. 
The folution of the green muriat or lulphat 
before it is employed to abforb nitrous gas for 
eudiometrical purpofes, ihould be boiled for a 
few minutes to expel the fulphuretted hydrogen 
which it may contain. 

The other fa£ts known relating to its de-» 
compofition will be mentioned in the following 
article of nitrous oxyd^ which as it contains lefs ox* 
ygen than nitrous gas, is produced by the a£i:ion 
ot deoxygenating lubftances on nitrous gas. 

NITROUS GAS Etherized is a peculiar 
inflammable gas formed by the mutual a£rion 
of nitric acid and alcohol* See Ether nitrous* 

NITROUS OXYD, or G^eous oxyd of azoU 
JDephlogtjlicated nitrous air of Ur. Prieftley. 

This gas was firft difeovered by Dr. Prieftley 
by expoung iron to nitrous gas ; he has alfo given 
a number of curious experiments on the mode of 
its formation and has detailed a great number 
of its phylical and chemical properties. From 
the circumftance of its fupporting combuftion 
in an eminent degree (in many inftances almoft 
equal to oxygen gas in this refpeA) and being 

E roduced by the decompofition of nitrous gas, 
>r. Prieftlev gave it the name of dephleri/Iicated 
nitrous air^ out as this term is founded on the 
doubtful theory of phlogifton, and as it might 
lead to the miftake of fuppofing that this gas 
really^ contained more oxygen than nitrous gas, 
Mr. Davy’s appellation of nitrous oxyd is much 
to be preferred. 

, Since the experiments of Dr. Prieftley this 
fubftance has been the fulyeffc of veu^areful 
refearch by the Dutch cnemifts, aVpfother 
philofophers, and in particular by Mr. Davy 
whofe excellent memoir on nitrous oxyd has 
almoft fupplied every thing that the great dif- 
coverer had left to his fucceffors. 

Nitrous oxyd is a fubftance compofed, like 
nitrous gas, of azot and oxygen, but in wMch 


the oxygen is in a (mailer proportion, fo diat 
in this refpeA it holds an intermediate place 
between nitrous gas and atmofpheric air, which 
laft is the leaft oxygenated of all the fimple 
natural combinations of thefe two elements. 
However, though nitrous oxyd contains lefs 
oxygen than nitrous* gas, the mode of combina- 
tion appears to differ confiderably and nluch to 
influence its power of containing combuftion 
and other chemical properties. 

The diftinguilhing properties of nitrous oxvd 
are the following: it is readily abforbed 07 
water to about half the bulk of this fluid, and 
the folution has a fweetifti tafte, but it is not in 
the leaft degree acid: a candle burns in it with 
an enlarged flame and crackling noife: phof* 
phorus adiually ignited burns in it with nearly 
as much brilliance as in oxygen gas: fulphur 
when burning in the common way with a 
feeble blue flame is immediately extinguiftied in 
the gas, but when burning vehemently before 
introduction, the combuftion continues with 
increafed rapidity: ignited charcoal burns in it 
nearly as in oxygen gas: neither oxygen nor 
nitrous gas have any fenlible effeCt on it at a 
common temperature : animals inclofcd in the 
gas foon die, but it may be breathed when 
mixed with common air. Other properties of 
this gas will prefently be mentioned, but the 
a£lion of water, of combuftible bodies, and the 
ina^ion of oxygen and nitrous gas, will fuffi* 
ciently diftinguilh it. 

Therefore in the decompofitions of nitrous 

.s the quantity of nitrous oxyd produced may 
»e found by agitating the refidual gas in water. 
But if any unaltered nitrous gas remain (which 
is very commonly the cafe, and is (hewn by the 
diminution and red fumes with oxygen gas) it 
muft be previoully abforbed by fulphat or muriat 
of iron, which has no effef); on nitrous oxyd, 
after which the nitrous oxyd may be abforbed 
by water, and the remaining gas is pure azot. 

Nitrous oxyd has never been found native nor 
has it been deteCled in any of the procefles of 
nature. It is produced artificially in feveral 
ways, namely: 

ift. From the decompofition of nitrous gas 
by thofe fubftances which abforb its oxygen. 

2dly. From the aC^ion of nitric acid on many 
of the metals under particular circumftances. 

3dly. From the decompofition of nitrat of 
ammonia by fimple diftillation. 

Each of thefe methods (hall be diftinCIly 
noticed. 

The fubftances that abforb oxygen from* 
nitrous gas are many of them thofe that abforb 
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#xygen feoih common air^ fo that the fame 
experiments which fucceed in common eudio- 
'metric procefles will often convert nitrous gas 
into nitrous oxyd. 

The fulphite of potafh effeds this change 
with neater rapidity than any other fubftance. 
Mr. fiavv found that at temperature 46^^ 16 
cubic incncs of nitrous gas were converted in 
lefs than an hour into 7.8 inches of nitrous 
oxyd by about leo grains of pulverized fulphite 
of potafh, retaining its water of cryftallization. 
This appears to aA by the fimpleft pofEble 
affinity, namely that of the fulphite (or that 
art of the oxygen which makes the difference 
etween nitrous gas and nitrous oxyd. The 
azot with which nitrous gas is always mixed 
remains unaltered. 

Nitrous gas expofed to dry muriat of tin is 
llowly converted into nitrous oxyd, apparently 
by the fame Gmple affinity as by the fulphites. 

All the dry fulphurets produce the fame 
change on nitrous gas in aoout the fame time 
that they would require to deoxygenate common 
air. 

Iron filings and fulphur mingled together 
and moiftened produce the fame effe^ on 
nitrous air, and the change is eSeGied in about 
twelve hours. 

Iron filing alone produce the fame change, 
which was jDr. Prieft ley's firft experiment by 
which he difeovered this gas. 

The prefence of moiflure has been fuppofed 
neceffary to the fuccefs of the experiment, but 
this does not feem to have been the cafe. Dr. 
Prieftley filled a half pint phial with nails and 
then with quickfilver, after which the latter 
was difplaced by nitrous gas, and the phial was 
left with its mouth (landing over mercury. 

No moiflure was intentionally introduced 
here, but in the courfe of two months the gas 
was converted into nitrous oxyd. Dr. Prieftley 
however adds that when the procefs is carried on 
over water the change is .effefled in a few days. 

When dry nitrous gas and dry fulphuretted 
hydrogen are mixed together over mercui^ a 
mutual deebmpofition llowly takes place.^ The 
gafles are diminifhed, fulphur is depofited, 
nitrous oxyd is formed, and figns of the pro- 
duflion of ammonia and water are perceivra. 

As the fulphur is depofited in this experi- 
and no fulphuric acid produced, the 
hydrogen mull be the foie deoxygenating agent, 
but as fome ammonia is produced, a portion of 
the azot of the nitrous gas muft alfo be feparated 
to contribute to the formation of the alkali. A 

« Psvy. ^ Prieftley. 


part of the hydrogen therefore appears to unite 
with the excefs of oxygen of the nitrous gas 
and forms water, and another part of it with a 
portion of the azot of the nitrous gas forms the 
ammonia. But tlie removal of this azot from 
the nitrous gas would have a direfl eSeGt in 
preventing its converfioii into nitrous oxyd, and 
therefore the abftra£lion of its oxygen muft be 
greater in this than in the fimple decompofitions 
of nitrous gas, and the entire quantity of nitrous 
oxyd produced fhould be lefs. There is too 
much variation however in the difterent experi- 
ments to allow of much accuracy of refults 
with thefe complicated agents. 

Zinc filings convert nitrous gas into nitrous 
oxyd with as much cafe as iron filings, but 
only when in conta£l with water. Ammonia 
is produced and the zinc is changed to a white 
oxyd, which can only be explained by the 
fuppofition of a double decompofition of the 
water and the nitrous gas, the latter yielding 
part of its azot to part of the l^drogen of the 
water for the ammonia; part of its oxygen to 
the remainder of the hydrogen in order to*^ 
produce the change from nitrous gas to nitrous 
oxyd; and the oxygen arifing from the decoin- 
pofed water uniting with the zinc. 

Another metliod of producing nitrous oxyd 
has been Hated to be during the folution of 
feveral of tlie metals in nitric acid under parti- 
cular circumftances of concentration, heat, &c. 
The gas in this cafe is always mixed widi 
nitrous gas, and often with azot. The metals 
from which it is produced with the greateft eafe 
are iron, zinc, and tin. Iron produces a 
variable mixture of nitrous gas and nitrous 
oxyd. If a cold faturated folution of nitrat of 
iron is heated, much nitrous oxyd is produced.^ 
A great quantity of it is alfo given out by 
adding iron filings to nitrat of iron, and the 
filings pafs to nie (late of black oxyd, as 
Berthollet has obferved. When tin is diflblved 
in concentrated acid of about 1.4 fp. gr. (which 
is nearly as flrong as is\able to a£l on this 
metal) tne gas is a mixture of about one part of 
nitrous oxyd witli two of nitrous gas, and a very 
fmall quantity of azot. With an acid of 1.24 
the proportion of nitrous oxyd is greater, and 
increafes to about I of the whole Cowards the 
end of the procefs.^ 

Zinc alfo yields this gas during the a£lipn of 
nitrous acid of any fpccific gravity, and hi moil 
abundance when the acid is dilute, and towards 
the middle and end of the procefs. The nitrat 
of zinc whilft diftilling to drynefs gives much 

• Pcieftley aad Davy. 
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of the nitrous oxyd. From loo grains of zinc Dr. Frieftley found that water readily abforb- 
during their folution in 300^ grains of nitric ed about half its bulk of this gas, which is 
acid of 1.43 diluted with 14 times its weight of again expelled unaltered. Mr. Davv found 
water, Mr. Davy obtained 26 cubic inches of nearly the fame; the utmoft abforption oy water 
gas, of which Vr were nitrous gas, if' nitrous thoroughly purged of air by boiling, and cooling 
oxyd, and the remainder azot. under mercury being 54 cubic indies of gas to 

It is to be obferved that ammonia is known lao of water. Confequently 25900 grs. (the 
to be produced in very fenfible quantities during • weight of lao cubic inches of water) will 
the folution of thefe three metals in nitric acid, abforb 27 grains of the gas. The aqueous folu- 
and the produdion of this alkali feems to be tion is lenfibly fweet to the tafte, but (hews 
intimately conneded with the evolution of no marks of acidity. The gas is again expelled 
nitrous oxyd, as has been already explained. from the water by heat unutered. When the 
The third method of producing nitrous oxyd faturated water is (haken with carbpnic acid 
has been dated to be by the didillation of and fulphuretted hydrogen thefe are abforbed, 
Mirat of ammonia. This has been already men- and the nitrous oxyd expelled unchanged: but 
tioned generally under that article, but as this on the other hand, the oxyd expels mod of the 
is the mod economical,' and altogether the bed other gaffes from water and takes t^6ir place iit 
method of preparing the gas for chemical pur- the folution. 

E >fe8 and that which is aftually ufed in the Ether and alcohol and the effential oils abforb 
boratory, the following diredlions of a very this gas in larger quantity than water, but ap- 
able and pra£tical chemid may be ufeful.^ parently produce no change in hs chemical 
Introduce into a glafs retort fome pure nitrat conditution. 

of ammonia, and apply the heat of an The concentrated fulphuric and nitric acids 
Argand*s lamp; the fait will foon liquefy, neither abforb nor alter it: the weaker acids 
^<«and when it begins to boil gas will be evol- fimply abforb it. 
ved. Increafe the heat gradually till the Neither the green muriat nor green fulphat 
body and neck of the retort become filled of iron, nor muriat of tin, nor any of the com- 
with a tranfparent milky white vapour. In mon deoxygenating liquid fubdances appear to 
<< this date the temperature of the fufed nitrat have any e&fl; on this gas at common tempe- 
is between 340* and 480'’. After the decom- ratures. The fame may be obferved of gafleous 
** pofition has proceeded for a few minutes, fo bodies, fuch as nitrous gas and fulphuretted 
that the gas evolved quickly enlarges the hydrogen. Neither is there any alteration pro- 
flame of a taper held near the orifice of the duced on nitrous oxyd by the fubdances which 
retort, it may be coIle£led over water, care impart oxygen. Even oxymuriatic gas ^e mod 
bdng taken during the whole procefs never powerful oxygenating agent mingles with ni- 
to fmer tihe temperature of the fufed nitrat trous oxyd unaltered. 

to rife above 500^, which may eafily be None of the alkalies either pure or carbonated^ 
** judged of from the denfity of the vapours in folid or in folution, have any cfllefl on this gas 
** the retort, and from the quiet ebullition of when prefented to them ready formed^ but if the 
the fufed nitrat, for if the heat be increafed alkalies are brought in contact with nitrous 
beyond this point the vapours acquire a red- oxyd in its najj^nt a Angular combination 
difli and more tranfparent appearance, and b formed.* The method of making this fpe- 
^ the fufed nitrat begins to rim and occupy eies of neutral fait with potafh, is to mix 
twice the bulk it. did before. The nitrous fulphke of potalh with a little caudic potafli 
^ oxyd after its generation is- allowed to dand (retainihg the water of / crydallization} and 
over water for at leafl^ fix hours, and is then inclofe it in an atmofphere of nitrous gas. The 
^ fit for refpiratioii and other experiments.” fulphite fird a£ts on the nitrous gas, converting 
It may be added riiat as there is always (bme it to nitrous oxyd, as already deferibed, (itfeU 
lofs of the gas. from abforption by the water changing thereby to fulphat of potafh) and the 
over which it dands,,the lame water may be nitrous oxyd in the moment of formation is 
ufed repeatedly. abforbed by the free alkali, and forms thist 

Having thus given the general methods of fingular combination.. When the procefs ia 
jMTOCuring this gas, we proceed to deferibe its finifhed the faline mafs confids of lulphat of 
uhemical properties more particularly. potalh, probably with fome undecompofed ful-. 

^ Accvm'i Syftem of Ckcmiflr j. * 
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'phite, of the combination of nitrous oxyd with 
potalb| and generaUy of fome unfaturated potafli 
and carbonat of pouih. By folution in water 
and cryftallization, . the fulphat and fulphite of 
potaih may be feparated, thefe being much lefs 
foluble in water than the other fait, but there is 
no means of feparating entirely the carbonat of 
potafh. 

The fait of nitrous oxyd and potaih is readily 
foluble in water, has a caullic pungent tafte, 
and does not part with the nitrous oxyd by 
iioiling. But if any acid is added, a brilk 
eiFervefcence takes place, and the oxyd is given 
off pure unlefs the. fait contained alfo an alka- 
line carbonat, in which cafe the gas is mixed 
with carbonic acid. Carbonic acid gas thrown 
into a folution of the fait expells the nitroirs 
oxyd, fo that the affinity of the latter for 
alkalies is weaker than that of the weakeft acid. 
From a rough eftimate Mr. Davy conje£lures 
that this fait conlifls of about a parts of alkali 
and I of nitrous oxyd by weight. 

A Similar fait may be formed with foda by 
the fame methods^ employing the fulphite of 
foda and caullic f<^a, but the ready folubility 
of fulphat of foda would render it more difficult 
to procure the nitrous oxyd fait feparate. 

The phenomena that attend the combulllon 
of dillerent bodies in this gas arehighly intereft- 
ing as they afford the only means of decompo- 
ling this fubllance, ana of determining the 
nature and proportion of its conllituent parts. 

Dr. Priellley firll obferved that when a light- 
ed taper was let down into a jar of this gas it 
burned with an increafed flame, and a crackling 
iloife limilar to the combuftion in oxygen gas, 
but there is this elTential difference between the 
two gaffes (as far as relates to their power of 
fupporting combuftion) which is, that when a 
fuDitance previoufly ignited in any degree in the 
open .air is introduced into* oxygen gas, the 
combuftion inllantly increafes and fs raifed to 
nltenfe vehemence^ whereas^ in nitrous oxyd 
bodies previoufly ignited only to a low degree 
are immediately extinguilhed, and it is only 
when already in Jtrong ignition or by the ajmli- 
eation of a Iwong heat to them after inclolurc 
in this gas, that the combuftion goes on at all; 
and then rifes to a greater intenfity than in 
common air. Thus if phofphorus is mclofed 
in nitrous oxyd and touched with an iron heat- 
ed to a low rednefs, the phofphorus melts, and 
may even be fublimed unaltered, but if touched 
witn an iron heated white hot, a violent deto- 
nation, takes place. Much caution is required 


in performing this experiment. If the phofpho- 
rus be previoufly warmed or fublimed in the gas, 
a violent detonation cannot be avoided when 
the heat is afterwards raifed to ignition, on 
account of the veflel being already full of 
phofphoric vapour, but to make this fubllance 
bum quietly and vividly in nitrous oxyd as it 
does in oxygen, it Ihould be previoufly fet fire 
to and fuddenly introduced into the nitrous 
oxyd. 

Fhofphorized hydrogen gas and nitrous oxyd 
mixed together may be fired with the elcflric 
fpark. 

Sulphur when introduced cold into the gas 
cannot be fired by applying an iron wire even 
white hot, and it may be fuied and fublime^ in 
the gas without alteration. Even when it is 
previoufly kir.dled, if only burning weakly widi 
a faint blue flame, it is immediately exlinguilli- 
ed in the gas. But if it i» in llroiig ignition 
and then introduced in the gas it burns vividly, 
with a rofe-coloiired flame. In this experiment 
and that with phofphorus, Mr. Davy fuccceded 
by introducing into the jar containing the 
nitrous oxyd, the phofphorus or fulphur in a 
fmalLtube containing oi^gen, balanced fo as to 
fwim on the Ibrface of the mercury without 
communicating with nitrous oxyd. The phof- 
phorus or fulphur was fired in the oxygen by 
an ignited iron wire, by which at the moment 
of combuftion the tube containing it was raifed 
into the nhrout oxyd, and thus the inflamma- 
tion continued. The combuftion with fulphur 
however will fucceed in the following manner:** 
Dip a flip of copper into melted fulphur; when 
cold fet fire to it, and when in ftrong combuf- 
tion introduce it into a jar containing the gas, 
when it will continue to burn with a beautiful 
rofe-coloured flame. 

Iron wire, charcoal, pyrophorus, and many 
other combullvble fnbll'ances, may be burned in 
the nitrous oxyd by iimilar means. 

In all thefe combuftions the oxygen neceffary 
to this procefs mufl be furniflied by the nitrous 
oxyd, confequently this gas mull cither be 
totally decompofed, or converted into a com- 
pound in which the oxygen is ii>a lefs proportion 
than before; in the former cafe the refiduc' 
after combuftion will be mere azotic gas, (that, 
is, in cafe no new gas is generated by the a£l of- 
combuftion) and in the latter it will be a 
compound ‘confiderably refembling atmofpheric 
air in conftitution. Hence too it appears pro- 
bable^ that the Hate of oxygenation of azot 
which conftitutet atmofpheric air, is a pjrecife' 
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point or mode of combination of aaot at wliich 
the deoxygenation of nitrous oxyd would have 
a tendency to ftop, as nitrous oxyd itfelf is 
with regard to nitrous gas; and nitrous gas 
with regard to nitric acid. 

*Two more dccompolitions of nitrous oxyd 
require to be noticed, that by the eledtric fpark 
Amply, and that by hydrogen aflifted by the 
cletlric fpark. 

Dr. Prieflley found that on taking the elc£lric 
fpark frequently in nitrous oxyd, no perceptible 
change was produced in its quantity, but it was 
become immifcible with water. 

The fame experiment was repeated by Mr. 
Davy with accuracy, and by pafling 150 ftrong 
flrokes through 7 ten-grain meafures of ppre 
nitrous oxyd, after which it was reduced to 6 
meafures. This relidue mixed with 6 meafures 
of nitrous gas and a little water, gave red fumesj 
and a diminution of bulk took place nearly equal 
to that which common air would produce with 
nitrous gas. In another experiment the fame 
quantity of nitrous oxyd was reduced to 
meafures, and red cabbage juice faturated with 
nitrous oxyd, and renderra green by alkali, had 
its red colour reftored in the procefs, thus 
fhewing the produ£lion of an acid, which 
could be no other than the nitric. The effe^ 
of ele£lrization therefore is entirely to decom- 
pofe the nitrous oxyd, to condenfe a larger 
proportion of the oxygen into one portion of 
the azot an(l convert it into nitrous acid, and 
confequently to leave a fmaller proportion of 
oxygen in the remainder, and thus produce the 
gas refembline atmofpheric air. 

^ *A fimilar change is produced by tranfmifting 
nitrous oxyd through a red hot gla2:ed por« 
oelain tube. 

When hydrogen and nitrous oxyd are mixed 
^nd the ele£tric fpark palled through, they 
explode with confiderable violence, and with a 
bright red light. The bulk of the reiidue is 
always much lefs than die united bulk of the 
£afies before the explofion, but the exa£t; quan«- 
tity (the gaffes beme pure) depends on the 
proportion in which the two are mixed. The 
natuie of the reiidue alfo varies according to 


the proportion of the gailes: where the hydrogen 
is to the nitrous gas as 50 to 40, the decompo-^ 
fition is perfed, the refidue is entirely azot, 
about a fourth more in bulk than the nitrous 
oxyd, and confequently is not changed by 
nitrous gas nor ablorbed by water. As all the 
hydrogen difappears, it muft unite with the 
oxygen of the nitrous oxyd to form water, and 
no traces of nitric acid can be perceived. Where 
the hydrogen is lefs in quantity than the nitrous 
oxyd, the efTeft feems to be tnat of the former 
inltance combined with that produced by the 
Ample ele£krization of the nitrous oxyd, fo that 
the produ£bs are, water, azot, nitric acid, and 
a mixture of azot and oxygen. 

The decompoAtion of nitrous oxyd by char^ 
coal, hydrogen, and phofphuretted hydrogen, 
were all found by Mr. Davy’s experiments to 
offer a^ery fatisfaAory agreement in the refults, 
conAdering the difficulty of analyAs. The 
fmalleft quantity of oxygen found in the gas 
was 35 in 100, by weight, and the largeft 39. 
If the mean between the two is taken, it may 
be concluded that 1 00 grains of it are compofed 
of about 6^ of azot and 37 oxygen; and that 
xoo cubic inches weigh 50 grs* at 55^ tempera^ 
ture, and 30 inches of atmofpheric prefTure. 

We may conclude this article with the table 
of the combinations of azot given by Mr. Davy, 
which may be conAdered on the whole as the 
nearefl approximations to . accuracy which we 
poflefs. 

zoo cubic inches at 55® Therm, and 30 Bar. 

grains 

Of azot ----- weigh 30.04 

Oxygen - - - 35 06 

Atmofphenc air - - - 31.10 

Nitrous oxyd - - • - 50.20 

Nitrous gas - ^ - - - 34.26 

Gafleous nitric acid - - 76:00 

CoihppAtion of 100 grains of the above 
fubftances. 

Azot Oxygen 

Atmofpheric air - - 73 *00 27.00 

Nitrous oxyd - - - 63.30 36.70 

Nitrous gas - - - 44.05 S5*9S 

Nitric acid - - - - 29.50 7^*5® 
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OBSIDIAN. IcEtAMD Agatb. 

Its ufual colour is pure blacky whence it 
pafles into greenilh and greyilh-black, black- 
1&I9 bluiihf and greeni{h-grey« and fmoke- 
grey . It occurs in mafs^ and in rough, roundifh, 
detached |^eces. Internally its luftre is more 
or lefa ihming and vitreous. Its fradure is 
peifedfc and large conchoidal. Its fragments 
ase indeterminately angular and very fharp- 
edged. It is more or lefs tranfparent on tne 
edges. It is hard, but ealily frangible. Sp. gr. 
2.34. Before the blow-pipe it melts without 
addition into a greyilh-wnite opake fomewhat 
orous enamel. The Obfidian of Iceland has 
een decompofed by Bergman, and more re- 
cently by Abildgaard, with the following refults: 

Berg.. Abild. 

69 — 74 Silex 

22 — 2 Alumine 

9 — 14 Oxyd of iron 



The hardnefs and opake blacknefs of this 
mineral added to the high polilh of which it is 
capable, have caufed it to be employed for 
various kinds of ornaments. In Peru at the 
time of its con quell by the Spaniards, it was 
ufed for mirrors, and has been falhioned in 
Europe into reile^ors for telefcopes. 

It occurs in large beds in the Lipari iflands, 
near Sicily, where it evidently pafles into pu- 
mice : it is met with near Tokay in Hungary, 
in fmoke-coloured nodules in decompofing 
granite and porphyry (thefe nodules fometimes 
go by the name of Lux fapphtre). It abounds 
in Iceland, not only in the vicinity of Hecla 
but elfewere $ alfo in the ifland Melos in the 
Archipelago ; near Grantola in the north of 
Italy : in the ifland of Madagafcar, in Peru and 
Siberia. 

It is one of the minerals whofe origin is 
warmly contelled by the Neptunians and Vol- 
canills, many of tlie latter denominating it 
vitreous lava. 

OIL. Huile. Fr. Oehlc. Gerrm 

Various fubllances are included under the 
general appellation oil, which however differ fo 
eflentially in many particulars from each other, , 
as to render it impoflible to comprehend them 
under any proper fpecilic deBnition : we have 
therefore divided this clafs of bodies among , the 
four following articles. 


Oils Vegdalle XJnBuous. 

lTn£luous or fixed vegetable oil occurs prin^ 
cipally in the cotyledons of certain feeds, and 
fometimes though rarely in the pulp or flefh of 
fruits. In the former it is always mixed with 
a greater or fmaller proportion of fecula and 
mucilage, on which .account thefe feeds when 
rubbed in a mortar with cold water, form with 
it a white opake milk-like fluid called an emuU 
fmt s from which by long (landing (or more 
fpeedily by the addition of an acid) the oil fepa- 
rates, riling to the furface in the form of a 
thick cream. 

There are two ways of extra£ling oil ; tlic‘ 
Bril and moll ufual is by means of preflurc;. 
the fecond is by immerfion in hot water ; in ^ 
this latter cafe the oil feparates from the other 
ingredients with which it is naturally mixed,, 
and rifes by the force of gravity to the 
furface of the water, from which it is Ikimmcd 
olF. 

Recently drawn oil however is more or lefs 
impure on account of its containing a variable 
proportion of mucilage, fecula, and perhaps 
other fubllances: of thefe a part is always 
depolited by reft, efpecially if the contalfl of 
the air is not entirely excluded; but another 
portion remains in permanent folution, and to 
this that partial fpontaneous decompofuion in 
oils called rancidity is principally owing. 

Fixed oil at the common atmofpherical tem- 
perature is ufually in the Hate of a moderately 
thick, but not, properly fpeaking, vifeid fluid ; . 
to the touch it is remaikably fmooth and un£lu- 
ous; it has a mild fub-naufeous tallc, and a 
peculiar flavour, according to the vegetable from • 
which it is procured. Its colour when recent 
has more or lefs of a greenilh tinge, which by 
keeping becomes yellow, and in fome inllances • 
orange-coloured, verging on red. Its fpecific 
gravity is ufually between that of alcohol and 
of water, hence it finks in the former and floats 
on the furface of the latter of ilu^fe fluids. 
There is nothing in which oils difler from cadi* 
other fo much, as in the temperature at which 
they congeal ; fome continue lolid at the higheft 
atmofpherical temperature, as palm oil, and the * 
reft of. the vcgetaole (as they are called 

from this very circumllance) others require 
being cooled down to the freezing ptiiiit of 
watery and others again are capable of cn— 
during a much greater cold without folidifyirg. 

Water feems to be incapable of combining 
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with fixed oil in any proportion: if the two 
fluids arc ftrongly ftiaken together in a half-filled 
vial, the oil is broken into very minute globules, 
and thus gives the water the appearance of Ain 
milk or whey, but after (landing for a few 
fcconds the whole of the oil rifes to the furface, 
and the two liquors remain as clear and diftind^ 
as at firft. 'I'hat a confiderable attra£lion fub- 
iiils between water and oil is however manifeft 
from the well-known fa£l, that if a drop of 
oil be let fall into a bafon of water, it does not 
retain its globular form, but immediately fpreads 
itlelf into a thin iridefeent film with which the 
whole furface of the w* ;:cr is covered. 

The fixed oils are lb called becaufe they are 
incapable of being volatilized by heat without 
dccompofition : when therefore any of them, 
olive oil for example, is heated in a clofe diitil- 
latoty apparatus, as foon as die fluid has arrived 
at its boiling point a white vapour is difengaged, 
confiding of oil, carburetted hydrogen, and 
carbonic acid ; of thefe the firft is for the moft 
part condenfed in the receiver, while the other 
two, holding a jportion of oil in folution, efcape 
in the form of permanent gas % when every 
thing volatile has been driven oW, nothing re- 
mains in the retort but a little charcoal. The 
oil which is found in the receiver is lighter, 
more limpid and volatile Aan that from which 
it was procured, and thefe ^[ualities are ob- 
ferved to increafe by each fucceffive dlftillation, 
carbon and carburetted hydrogen beiiQg dilen-* 
gaged as at firft. By treating in this manner 
the producl of each dlftillation the oil at length 
entirely difappears, being partly decompofed 
and partly carried off in folution by Ac carbu- 
rutted hydrogen gas. 

If oil inftead of being diftilled is heated in an 
open kettle, its colour by degrees becomes 
deeper, a highly inflammable and fetid vapour 
efcapes, and the remaining oil is found to be 
thick, vifeid, and when fpread over wood or 
any other fubftance and expofed to the air, con- 

f ;eals into a folid, tough, tranfparent varniA. 
n this (late it is called boiled or drying oil. 
It has not been very fatisfa£lorily Aewn what 
takes place on this occafion, but it is prpbable 
that the mucilage and fecula are for the moft 
part charred and decompofed, Aat the water 
with which they were combined is volatilized, 
Aat a fmall portion of the oil itfelf is driven 
off, and that Ae refidue has abfoAed fome 
oxygen from the air. When oil is expofed 
to a high heat and at the Cime time to Ae free 
99nta£t of Ac atmolphere it takes fire, and 


bums wiA a copious flame, accompanied by a 
Aick black fmoke ; the combuftion of oil how- 
ever does not readily take place except by 
means of a wick ; if an Arjgand lamp is ufed 
for this purpofe the flame is of a pure white 
colour, and no fmoke is produced, the whole 
of the oil undergoing eijtire combuftion. In 
this procefs the oil, according to Lavoifier, is 
converted into water and carbonic acid, in fuch 
proportions, that its conftituent parts may be 
ftafed at 21 of hydrogen, and 79 of carbon. 
In this however no allowance is made for tkj 
oxygen which oil no doubt contains, fo that at 
bell the given proportions can be looked upon 
only as a loofe approximation to the truth. 

It is known that fome of the fixed oils (and 
probably all of them) abforb oxygen, either 
from Ae air or from oxygen gas, at the common 
temperature. Berthollet dimovered that oil of 
almonds in a jar half filled with oxygen gas 
ftanding over water, had in Ae courfe of a 
month abforbed nearly the whole of the oxygen, 
and at the fame time depofited a number of 
white concretions forming a thin ftratum be- 
tween the water and the oil. In another experi- 
ment this able chemift expofed a very thin ftra- 
tum of joil on the furface of water to the contaA 
of atmofpheric air for three months : at the end 
of this period the oil was found converted into 
a white concrete fubftance, friable at a low 
temperature, but fufible at a lefs heat than that 
required for the melting of wax. • By long 
expofure to the air fome oils, as olive oil, be- 
come rancid, in which (late they exhibit the 
following chara£Iers: the colour is deepened, 
the odour becomes ftrong and difagreeable, the 
con(iftenee is vifeous or ropy, and vegetable 
blues are changed to red, Aewing the develope- 
ment of an acid. OAer oils on Ae contrary 
in (imilar eircumftances only dry to a tougn 
vamiA. The former are often called fat eils^ 
and the other fpontaneoully drying oils* 

Of Ae fimple combuftioles, hydrogen in the 
ftate of gas is (lowly and fparingly taken up by 
oil, but the eSeCt of this combination has not 
been examined. Charcoal appears to be wholly 
infoluble in oil, but vAen newly burnt it has 
the property of bleaching and purifying it to 
a confiderable degree. 

Phofphorus by the alfiftance of heat is foluble 
in oih though fparingly, and the compound 
has the property or oecoming luminous if 
fmeared thin over any dry fubftance and 
expofed to a warm air. A few drops of the 
phofphorizcd oil if rubbed on the hands or 


* Meia. de PAcad. 179^. p. 319. 
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tacCp caufe them to (hine in the dark Tvithout 
any. riik of injury from the flow combuftion of 
highly inflammable fubftance. If the oil 
has been charged with phofphorus at a boiluig 
heat, a portion of this latter depoflts by cooling 
in oAonedral cryftals* Phofphorizcd oil when 
diitiiled affords phofphuretted hydrogen gas. 

Sulphur is eaflly and largely foluble in boiling 
oil : the compound has a thick foinewhat vifcid 
confidence, and a deep red colour, hence it was 
formerly, named ruby of fulphur. When highly 
charged with fulphur at a boiling heat, it 
depoiits a part by cooling : if this takes place 
rapidly the fulphur is in the form of needles, 
if more flowly it forms odohedral crydals. 

Sulphurized oil has a drong fetid odour, 
and when didilled gives out a large quantity of 
fulphuretted hydrogen. 

Mod metallic oxyds are decompofed by the 
fixed oils at a boiling heat : thofe however that 
are commonly employed for this purpofe are 
minium and litharge. If cither of thefc fub- 
ftances ground to a very fine powder, be put in 
a kettle with a little water and fome fat oil, and 
the whole be well mingled by condant dirring, 
it will be found thaUthe oil when nearly at the, 
temperature of boiling water, fird abdraAs part 
of the oxygen from the oxyd, and then diflblves 
pretty, rapidly the oxyd itfelf. In confequence of 
this the oil becomes thick and coloured, acquires 
a peculiar odour, and when cooled becomes 
opake, and of a foft pady confidence. By con- 
tinuing the heat after the folution of the oxyd, 
till the water is compleatly driven off, the refi- 
due on cooling acquires nearly the confidence 
of wax, and is known in pharmacy by the appel- 
lation of plafer. If indead of fat oil, drying oil 
be made ule of, the mixture cannot be made 
harder than diff pade. Deyeux^ has flicwn 
that the fat oils when previoufly mixed with 
mucilage, are exadlly fimilar in this refpe£t to 
the drying oils. Plader Is not foluble either 
in alcohol or water, in which refpefl: it differs 
materially from the proper foaps, to which it 
has been compared by fome chemids. If after 
the oil and litharge have combined together the 
water is poured off, indead of being diflipated 
by a further continuation of the heat, and then 
.evaporated confiderably In a feparate veflel, it 
will be found to have acquired a thick fyrupy 
confidence and a faccharme tade. The diu 
covery of this peculiar fweet matter is due to 
Scheele, from whofe experiments on the fubje£l 
the following particulars are extracted. ^ 

It is neither crydallizable nor fufceptible of 

* Ano. de Chem. xxxiii. p. 59. « Eff. 


fermentation : if prepared with, perfeftly frefh 
oil it appears to contain no lead, but if rancid 
oil has been made u4b of, it yields a precipitate 
of fulphated lead with fulphuric acid. If after 
being infpiflated it is drongly heated, the va- 
pours that arife will take fire on the application 
of a candle. By dedruttive didillation re- 
peated two or three times at a temperature 
equal to tliat required for the volatilization of 
fulphuric acid, it is decompofed into brown 
empyreumatic oil, and a light fpungy coal, car- 
buretted hydrogen being probably given off at 
the fame time. By repeated abi]:ra£lion with 
nitric acid it is at lengtli converted into oxalic 
acid. 

If the naturally drying oils are boiled upon 
a fmall quantity of litharge without the inter- 
vention of water, they become thick and gluti- 
nous, and more drying than before. Not only 
the oxyds, but alio aqueous folutions of the 
acetite of lead, as well as the fulphat.of zinc, 
are employed for this purpofe. 

The alkalies, both fixed and volatile, and the 
alkaline earths when perfe£Ily caudic, a£k with 
energy upon all the fixed oils, but more efpeci- 
ally on the fat ones, forming with them Soaps 
of various qualities ; for an account of which 
the reader is referred to that article. 

The a£fion of the drongcr acids upon oils is 
very remarkable, on which account we (hail 
treat of it with fome minutenefs. 

The compound produced by the mutual a£lion 
of fixed oil and fulphuric acid, improperly called 
an acid foap, has been examined by Achanl ^ 
with the following refults. To prepare this 
compound, put 7 parts of concentrated fulphuric 
acid into a porcelain mortar, and add drop, by 
drop 8 parts of oil heated nearly to ebullition, 
taking care to dir the whole condantly during 
the procefs : if the oil is added too quickly 
an effervefcence takes place accompanied by 
the fuflTocating odour of fulphureous acid, but 
this mud be carefully avoided. The com- 
pound when recently prepared is of' a black 
colour, and nearly of the confidence of thick tar, 
but by wafhing thoroughly in 6 parts of didilled 
water the oil aflumes nearly the appearance of 
brown wax : if it is dill acidulous to the tade, 
rraea^t the wafhing in fucceflive fmall quantities 
of water, till the lad no longer exhibits any 
flgns of uncombined acid. The oil becomes 
conflderably heavier by this treatment, not un - 
frequently (inking in W'atcr : it is folid an d 
brittle, has a peculiar odour, is perfeflly foluble 
in alcohol, and with water makes an opalefccnC 

* Journ. de Phyr. xvi. p. 4x1. 
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mixture^ wHich lathers Hlbe an infufion of com* None of the neutral falts are capabfe of cohU 
moil foap« The watery folutipn exhibits the blning with oib nor of decbmppfing it at the 
following phenomena. With fcmi-cauftic potaih common temperature, except the oxymuriat 
it yields an opakc coagulum, and being then of potafh : this mixed up in a metal mortar 
moderately heated the oil melts into one mafs, witn a few drops of oil, and then {truck fmartlj 
which on cooling concretes into a brown waxy with the peltle, immediately detonates and 
matter, entirely feparatc from the aqueous takes fire. 

fiuid, from which cryilals of fulphated potafh Oil unites pretty eafily with fugar or fimple 

are depofited by evaporation. Cauftic ammo- mucilage, and in this Hate is mifcible with 

nia produces no vifible change at firft, but in water into a white, emulfive liquor. 

a fliort time caufes the reparation of a coagulum The drying oils when mixed with lamp-blacky 

that is rcfoluble in an excefs of alkali, but if or with almoil any ve^ dry vegetable fibre, and 

waflied and melted, exa£Hy refembles the pre- put into a box or clofe room, are very fubjefk 

cipitatc by potafli. Both magnefia and chalk to undergo a rapid decompofition attended by 

produce a fimilar coagulation of the oily part great heat, which on the admiflion of frefh air, 

of the folution. A like decompofition takes burfls into acbual Inflammation. 

place by digeflion with cerufle, with filings of We (hall terminate this article by fome fhort 

iron or of zinc, with the acetites of lead and notices concerning the qualities and method of 

copper, with nitric, muriatic, and ftrong acetous preparation of the principal fixed oils. 

acids, with nitrat of potafh and muriat of amr 

monia, but not with nitrat of fod'a, or muriat of O/rW 0/7. 

foda. The coagulum in all thefe cafes afiumes The fruit of the olive tree (Olea Europea 
the appearance of yellow wax. When the acid when ripe, is of a dark purple colour, and both- 
foap is fubjecled to gradual diflillation there firft in fize and fliape refembles a long plum : it 
comes over a nearly infipid phlegm, and then confifts of a nut or ftone covered by a flefliy 
an oil more or lefs coloured and rancid, in pro- pulp, in the latter of which are the cells that 
portibn to the deepnefs of its colour, which contain the oil : the interior nut alfo contains 
congeals on cooling ; there remains in the retort an oil, but of a bitter difagreeable tafte. The 
a little carbonaceous matter. fruit as foon as gathered is broken in a mill. 

Nitric acid when cold and colourlefs a£ls but care being taken to fet the mill-ftones at fuch a 
flowly on fixed oils, and the chief vifible effect diftance as to avoid crufhing the nut of the 
produced is that of rendering them thicker than olive. The pulp thus prepared is put into bags 
before. But if ruddy nitrous acid is made ufe made of ruflies, and fiibjeftcd to a moderate- 
of, a much greater and more rapid alteration preflure, by which a confidcrablc quantity of a 
takes place, a violent effervefcence comes on, grecnilh femi-tranfparent oil is obtained, which 
attended by a copious difeharge of nitrous gas. from its fuperior excellence is called virgin oil. 
If a mixture of concentrated fulphuric and very The marc remaining after this firft operation is 
high coloured nitrous acid be luddcnly added, broken to pieces, moiftened with a little warm 
immediate combuftion is fqr the moft part the water, and again returncii to the prefs ; a mix- 
confequcnce, particularly if the oil is either ture of oil and water flows out, which foon 
naturally drying or made fo by either of the feparates fpontancoufly by reft. This oil though 
methods already deferibed. Nitric acid ab- inferior to the former, is Hill of a very good 
ftra£led upon oil is decompofed, and oxalic quality and fit for the table. The marc being 
acid is the refult. If nitrous vapour or nitrous again oroken to pieces, drenched with water, and 
gas are thrown up into an inverted jar contain- fermented in large cillerns, is for the third and 
ing oil, they are rapidly abforbed, and the laft time fubmitted to the full force of the prefs, 
colpur of the oil is changed to blue or green; by which a confiderablc quantity of oil is obtained, 
after being put for a few hours in a cold place, very valuable to the foap-boiler and other manu- 
the oil folidifics, and its colour becomes yellow fafturers. In fome countries, particularly in 
or orange, a confidcrable difexigagement of azot Spain, the olives inftcad of being gathered by 
takes place, and in the courfe of a few weeks hand, are beaten down, by which the ripe and 
it becomes nearly white and very ftiff. ® unripe are mixed together, to thefe alfo are added 

Muriatic acid produces little change * in fuch as have fallen of themfelves, aiwl are there* 
any of the fixed oils, but oxymuriatic acid fore more or lefs decayed. Of this indifcrimkiate 
thickens and bleaches them, and caufes them colledlion a large heap is made, which foon 
to pafs nearly into the ftate of wax. begins to ferment ; in this ftate the olives aro 

• FrieflUy OB Air. Method lii. p. IZS, IjS, 
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gioundf and ftronglv preiTed in the ulual man- 
ner, by vrhich mode of proceeding a larger 
quantity of oil is indeed obtained, and with lefs 
trouble, but of a rank difagreeablo flavour, 
intolerable to any but thofe who have from 
^ obildhood been accuftomcd to it. 

Recently drawn virgin oil has a bland almoft 
mucilaginous tafte, with a flight but agreeable 
flavour : if expofcd to the ^ir in an open bottle 
or calk, a white fibrous and probably albumi- 
nous matter is depoflted, the fupernatant oil 
• becoming clear, and of a dilute yellow colour ; 
the oil being poured ofF into a frefli veflel, a 
fecond depofition takes place, after which the 
oil if put in dean glafs vials, may be kept for a 
conflderable time without alteration. If the oil 
is allowed to Hand on the white matter, it 
becomes in a few weeks very .rancid ; and the 
common oil even when properly managed, 
cannot be preferved in calks longer than a year 
and a half, or two years at the fartheft. The 
fp. gr. of olive oil is 0.9 153; it boils at 
aoout 500® Fahr. and congeals at 36* Fahr. 
The readinefs witli which it freezes renders it 
improper for lamps, efpecially in cold countries i 
but by previoufly expoflng the oil in an open 
clear glafs viai to the funiliine, it may be fo far 
amended in this refped, as to continue fluid at 
ai** Fahr. * Olive oil is often fophifticated by 
poppy-feed oil, and thus is rendered fomewhat 
drying, a property which the genuine produce 
of the olive never exhibits. In thofe countries 
where it is produced it Is employed in food, as 
butter is with us : the inferior lorts are burnt 
in lamps, or made into foaps, for the mofl part 
of a finer quality than thofe that are compofed 
of animal oils. It is ufed in medicine fometimes 
internally, but generally externally, combined 
with wax, litharge, &c. into cerates and 
plafters. 

Cornet OIL 

The only oil refembling that from the olive, in 
being contained not in the feed but in the pulpy 
fruit of a vegetable, is cornel oil. The berries 
of this ihirub (Cornus fanguinca, Linn,) being 
colieded when quite ripe, and then laid in 
heaps for a few days in order to mellow, arc to 
be reduced to a pulp, and preiled without heat 
in the ufual manner. By this treatment, from 
22 lbs. avoir, may be obtained fomewhat more 
than four wine pints of a fat fomewhat vifeid 
oil, of a bright green colour, and equally defti- 
tute of any unpleafant flavour as the befl olive 
oil. When heated with nitric acid it is con- 
verted to a lemon-yellow butter or wax. By 
, ^ Ssaaebler, Aaa. de Cbeau xi. p. 93. s 


boiling With litharge it becomes drying ; when 
fpread thin on water and expofed to the air for 
a month, it is converted into a white wax. It 
does not freeze fo readily as olive oil, and lads 
rather longer than this w'hen ufed in a lamp, s 

Almond Oil, 

This is procured either from the fweet or 
bitter almond. The almonds are firft put into 
a coarfc hempen or hair fack, and fliaken vio- 
lently, ill order to detach, by rubbing againll 
each other and the fides of the fack, the outer 
brown (kin, which if retained is apt to give a 
bitter tadc to the oil : they are then bruifed and 
made into a padc, and prefled in the ufual man-, 
iier. 100 lbs. of almonds aflbrd by the lird 
expreflipn, 25 lbs. of oil, and from the marc 
when impregnated with the dcam of hot water, 
may be procured 15 lbs. more of an inferior 
kind. Almond oil when frelh, is of a light 
greeiiifli yellow colour, and is fomewhat turbid, 
but by time it becomes clear and colourlefs : it 
is fligntly fweetifli to the tade,*and has little or 
no odour. Its fp. gr. is =0.917. The de- 
gree at which it congeals is varioufly dated at 
19* Fahr. and 8® Fahr. ; the former probably 
relates to the frefli-drawn oil. The only diiFer- 
ence between the oil from fweet and that from 
bitter almonds is, that the latter may be kept 
the longed without growing rancid. On 
account of its high price, at lead in mod of tho 
countries of Europe, it is almoft entirely re* 
ftrifded to medical ufes. 

Poppy^feed Oil^ or Pink Oil, 

This oil is extrafted by cold drawing from 
the feeds of the large white poppy (Papaver 
fomniferum. Linn,) which is largely cultivated 
for this purpofe in France, the Netherlands, 
and various parts of Germany. It is tranfpa- 
rent and nearly colourlefs, and when well pre- 
pared has no other tafte or flavour than a flight 
one of nut-kernels. Its fp. gr. is = 0.9288 : 
it is one of the naturally drying oils, and like 
all of that clafs is frozen with difficulty \ it may 
be cooled down to o* of Fahr. without congeal- 
ing. When employed in food it is fcarcely to 
be didinguidied from olive oil, and indeed this 
latter is very commonly adulterated with it. 
As to' the quantity of oil yielded by a given 
weight of the feeds, authors are by no means 
agre^, and much no doubt depends not only 
on the mode of extra^ing it, but alfo on the 
feafon and country in which the feeds are pro- 
duced: from 100 lbs. of frefli feeds, fome ftate 
the produce of oil at 25 lbs. and others at 58 lbs, 

Margucron, in Ann. dc Chem xxxviii. p. xy^, 
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It IS ufed both for food and in the compofition 
of varnifhes^ but is very unfit to bum in a lamp. 

l^hifeed Oil. 

The feeds of the common flax, from vi'hich 
this oil is produced, confift of a white kernel 
CQvercd by a thin brownifli Ihell. As it is 
impollible to feparate the fhell from the kernel, 
the entire feed muft be fubmitted to the prefs> 
but if thus treated without any previous prepa- 
ration, the quantity of oil obtained is compara- 
tively fmall on account of a ftrong mucilage 
that refides in the fhell, and abforbs a large 
proportion of the oil as it is force<l out of the 
kernel. For this reafon, and becaufe the cold 
drawn oil is not fo fit for the purpofes to which 
linfeed oil is generally applied as that which is 
hot draw'n, the following method is. generally 
taken to deflroy the mucilage before the appli- 
cation of the prefs. An iron veflel like a fand- 
bath, and capable of containing fonie bufliels, 
is fixed in a furnace: it is then filled with 
linfeed and heated by a moderate fire, care 
being taken to ftir up its contents from time to 
time, that every part may be equally roalled; 
at firft there arifes an abundance of aqueous 
vapour, which as the heat is increafed is 
followed by denfe blackiOi fumes of a very 
iiaufeous odour. The torrefaftion being com- 
pleated, the pafte is prefled in the mill in the 
ufual way. 

The proportion of oil yielded by this feed is 
about 20 per cent: its fp. gr. is =0.9403. 
It is not congealed except by a cold below 
o'* Fahr. its point of ebullition is about 600” of 
the fame thermometer. The cold drawn oil 
has a high yellow colour, is very unftuous and 
unpleafant both to the tafte and fraell; by ex- 
pofure to the air and light it becomes drying. 
The hot drawn oil is of a high yellowifli red or 
deep wine colour, it is (fill more naufeous than 
the former; it is of a thicker confillence, and 
dries without much difficulty in the air, more 
efpccially if it has been boiled with a little 
litharge. Linfeed oil is employed a little in 
medicine, but the great demand for it is in the 
coarfer kinds of paintings particularly fuch as 
is not much expofed to the weather, as floor 
cloths, &c. 

Hempfied OiL 

This oil is of a green colour and is flrongly 
impregnated with the peculiar odour of the 
plant. The proportion of oil that hempfeed 
affords is from 20 to 25 per cent. In its 
general properties, ufes, and mode of prepara- 
tion it ciofely refembles tlie preceeding. 


Oils $f Mufldrd^feedy Cole-feed^ Rape^Jeedf mnd' 
SunJlower^Seed. 

Thefe oils are lefs coloured and lefs highly 
flavoured than the two preceeding, they are 
very little liable to dry by expofure to the air, 
wdiich, together with tneir moderate price, 
induces a large confumption of them by the 
wool dreflers in order to preferve the wool froin 
the attacks of moths and other infefls; and by 
the leather dreflers. 

Nui^Oil. - 

This is obtained cbiefly by cold drawing front 
the kernels either of the walnut or of the hazle 
nut. In the warm climate of the South of 
Europe thefe fruits come to their full perfection, ' 
and will yield by proper management full half 
their weight of oil. Recent cold drawn nut 
oil is by many preferred to olive oil, on account 
of the cxquifite nut flavour which it retains: the 
hot drawn has an empyrcumatic tafle, and is no 
longer fit for the table; it is however in' high 
requeft by tlie painter, as being eminently 
drying, much lefs coloured than linfeed oil, 
and capable of bearing the injuries of the 
weather better than any other oil. 

Beech^fitit OiL 

Several inefleClual attempts have been made 
to manufacture this oil with profit from Englifh 
Beech mall. Various caules have probably 
concurred to occafion the failure, particularly 
the inexpertnefs in the method of extraction,' 
and in all probability a real defeCt of oil compa-‘ 
red to that contained in the beech nuts of 
France and the South of Germany. The fol- 
lowing is the method adopted by fomc manu- 
facturers, and appears upon the whole to be 
the belt. The nuts when feparated from the* 
outer prrekly receptacle are pafTed through a' 
mill, the Hones of which are fet fufficiently 
wide to break ofF the outer fliell without mate- 
rially bruifing the kernel, after which by means 
of the common winnowing machine the fhells 
are got rid of. The decorticated nuts are then' 
thrown into fcalding water, and all thofe that 
fwim are rcjeCteil as being mouldy and worm 
eaten, and therefore communicating a bad tafte 
to the oil: the reft are reduced to a pulp, and 
then cold drawn, when they will be found to 
yield 15 per cent, of a clear light coloured 
nearly inflpid oil, to the full as good as common 
olive oil. The marc being now flightly torrefied 
and again prefled, will afford 12 per cent, more 
of an inferior oil, and the dry refidue is an 
excellent food for cattle, much better than 
common oil cake. 
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0/7 of Ben. Oleum Balani o£ the ancients. 

This oil is procured by exprcflion from, the 
decorticated feeds of the Guilandia Moringa, 
a tree that ^ows in Ceylon, Ethiopia, ^ypt 
and Arabia. loo lbs. of the feeds yield 23 lbs. 

« of a yellowifh limpid oil, inodorous^ infipid, 
and which does not become rancid by expofure 
to the air. On this account it is much ufed by 
the Italians as the bails of their perfumed oils, 
which are commonly prepared by iilling a cover- 
ed dilli with alternate layers of cotton foaked in 
Tiien oil, and flowers of jafmine, violet, orange, 
&c. after the diih has been fet in hot watery or 
in the funfliine for a- few days, its contents are 
unpacked and the oil fqupezed out of the cotton, 
which by this Ample procefs is found to be 
highly impregnated with the aromatic qualities 
of the flowers. 

The» are feveral other kinds of exprefled 
oils employed in various countries as food, or 
in lamps, &c. but of which we ihall only par- 
ticularize the two following, as being fpecimens 
of the vegetable butters. 

Butter of Cacao. 

'rhis oil is procured from the chocolate nut, 
the fruit of the Theobroma Cacao. The nuts 
arc Aril gently roafted till the thin outer hulk 
iliclls oflF, and are then beaten up into a fmootli 
thin pafte by the addition of eight times their 
weight of warm water. This mixture being 
then kept at a gentle boiling heat for fome 
hours, a liquid oil rifes to the furface, which 
when the fire is withdrawn concretes into a 
fcbaceous matter of a grey colour, and amount- 
ing to about 45 per cent, of the entire nuts. 
This oil may be rendered nearly white by re- 
peated waftiuig in fcalding water. It has little 
or no tafte, but retains for a long time the 
delicate flavour of chocolate, and appears to be 
the lead difpofed of any of the oils to become 
rancid. It is employed in America as an 
article of food, and in the compoAtion of un- 
guents and medicated foaps. 

Palm Oil. 

Many of the palms produce a hard nut like a . 
date done, but abounding in oil. Of thefe the 
two principal are the Cocos butyracea and 
Ele^eis guineenAs. The fruit when ripe is heap- 
ed up and (lightly fermented in order in fome 
meafure to foften it; being then coarfely pound- 
ed it is macerated in hot water, and thus by 
degrees parts with its oil*, which coUefts on the 
furface of the water, and by cooling concretes 
into a folid cake: it is puriAed by walhing in 
hot water and is then At for ufe. It has a light 
lesion yellow colour^ little or no tade> but a 


high odour and flavour like diat of die Tlorensir' 
tine iris: by long keeping it becomes rancid,^ 
and then is nearly white and almod without 
odour. It is largely ufed by the negroes in 
Africa and the Welt Indies as food, and in 
Europe is employed in medicine, and in the 
compoAtion of the beft yellow foap. 

Oils Vegetable, Essential, or Volatile. * 

Thefe oils are fo called becaufe they are 
evaporable at a moderate heat without deconv- 
poAtion, and becaufe in them the odour or 
fragrance, or as it was called by the old chemilla>. 
the cjfence of vegetables refldes. They are not 
conAiied to any particular parts of a plant, but . 
exilt in minute cells dillributed through the 
root, the wood, the bark, the leaves, the blof-. 
foms, and feeds. The part in which they occur * 
Icfs frequently than any other is the lobe or . 
cotyledon of the feed, the peculiar feat of the ' 
Axed oil, while* the hulk or cover of the feed iB, 
always more or Icfs impregnated with volatile 
oil, the acrimony of which defends in fome ; 
degree tlie rudiments of the young plant fronv 
the depredation of iiifc£):s. 

The method of cxtra£ling the volatile oil 
differs for the moft part very materially from' 
tliofe which we have already deferibed as prac- 
tifed for the Axed oils. Thofe which are 
procured from the rinds ef . the lemon, the* 
orange, and the bergamottc orange are the 
only ones capable of being obtained by expref- . 
Aon, which is performed in the lol lowing . 
manner. A fmall wheel with its circumference 
fet with Aiort nails is put in motion, and a 
lemon or orange is applied to it till the whole 
of the yellow outer rind is tlius rai'ped away: 
the rafpings fall to the bottom of the cafe in 
which the wheel turns, and when a fulAcient 
quantity is colleftcd, are fqueezed between two 
plates of glafs; by this gentle prcfliirc the 
elfential oil flows from the ruptured cells into 
anylconvenicnt velfcl placed to receive it, and 
undergoes no further preparation except that of 
being allowed to reft till the water and other 
impurities have fubfided. 

A -method analogous to that by which the 
vegetable butters are obtained is fometimes 
pra£lifed in India for procuring that delicious 
and coftly perfume the oil or attar of rofes. 
For this purpofe a clean calk or large glazed 
earthen jar is Ailed with Yofe leaves carefully 
feparated from the calyxes, and fpring w’ater 
poured on jull fulAcient to cover them : the •• 
veifel with its contents is then fet in the fun 
for two or three days, and taken under cover 
during.the night. At the end of the third or 
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fourth dajr fmaH particles of yellow oil will he 
feen floating on tne furface ox the water, which 
in the courle of a week will have increafed to a 
thin feum: this is taken up by a little cotton 
tied to the end of a Hick, and fqueczed into a 
fmall vial. 

The oil contained in the fragrant bloflbms of 
thofe plants which have none in their other 
parts, as the violet, the mignonette, the jaf- 
mine, the tuberofe, the hyacinth, and all the 
feented liliaceous plants, &c. although exceed- 
ingly odorous, is fo minute in quantity and fo 
eafily deftroyed by heat as to be incapable of 
being extracted in any other way than by means 
of the oil of ben, as deferibed in the lail article. 
The fragrant oil may afterwards be feparated 
from the oil of ben in the following manner. 
Let a vial be half filled with a mixture of 
alcohol and perfumed oil in equal proportions, 
and fhaken lor a few minutes that every particle 
of each may come in contadl with the other: 
then pour off the alcohol from the oil, * which 
will be found to be nearly inodorous, having 
yielded its efTcntial oil to the alcohol. Let this 
perfumed fpirit be (haken again with fuccellive 
portions of oil, till the richnefs of its fragrance 
IS not fenfibly increafed, and then pour it into 
a bafon containing two or three times its bulk 
of pure water : the water and alcohol will 
combine together, and the greater part of the 
eflcntial oil will be liberated and will float at 
the top of the liquor, from which it may be 
feumme^ off by means of a little cotton, 'rhe 
liquor being afterwards fubmitted to very gentle 
diilillation, the firft portion of Ipirit that comes 
over will be found to be ft ill vciy fragrant, and 
may be employed, mixed with frefh alcohol, in 
treating other portions of feented oil. 

By ftr the greater number however of eflen- 
tial oils arc obtained by diredl diilillation. If 
the fubftance to be treated is a frefti herbaceous 
plant it requires no previous treatment, but if it 
is a dried plant, a few hours maceration in 
water is advifablc; if a brfrk or wood is to be 
diftilled it muft he rafped or cut into fhaviiigs 
and macerated for fcveral days. This being 
done, a tinned copper ftill or alembic is to 
be charged with the folid materials clofely 
rammed down, on which is to be poured juft 
water enough to cover them, the head being 
then luted -on and the refrigeratory filled with 
cold water, the fire muft be lighted and fo 
regulated as to keep the contents of the ftill 
conilantJy fimmering, but fcarcely boiling, '^i’he 
(learn being condenlcd in the worm will form 
^ iinajii Jitream of water^ and is to. be colle£led 


in proper reflels till it comes'^oflT nearly infipid 
and inodorous, when the diftillation is to be 
ftopped. The firft part of the produce being 
turbid from fuperfaturation with eflential oil is 
to be kept for fome hours in a cold place, during 
which time the excefa of oil will leparate from 
the w'ater, and either float on its furface or fink 
to the bottom, according to its fpecific gravity. 
The compleat reparation of the oil from the 
diftilled water is eflTedled by a very fimple in- 
ftrument called the Italian recipient, (deferibed 
in the appendix) and the whole of the water 
drawn oft in the firft diilillation is to be em- 
ployed as far as it will go in the next, inilead 
of plain water, by which it is manifeft that the 
produce of oil in the fecond diilillation will 
exceed that of the firft, (other circumftanccs 
being equal) by all the quantity held in perma-^ 
nent folution by the water of the former prjcefs. 
Hence it is manifeft that by this mode of 
proceeding, the amount of oil yielded by equal 
quantities of the fame fubftance will form a 
conilantly incrcafing feries, till the whole of the 
water drawn olFby each diftillation is compleat- 
ly faturated with oil. This accounts in fome 
degree for the ^eat difference in the prtmor- 
tions of oil obtained by diflFerent chemifts from 
the fame plants; for as Bindhcim has fatisfac- 
torily fliown, it is not till the feventh, or even 
in fame cafes the tenth diftillation that the 
produce of oil attains its tnmMmutn. 

It is not only from the odorous vegetables 
themfeives that eflential oil may be procured, 
but alfo from fuch of the immediate produfls 
of vegetation as poflefs any odour ; fuch are the 
balfanis and many of the refins and gum refins. 
The procefs to be followed is diftillation with 
water and precifely the fame fubfequent treat- 
ment as w e have already deferibed. 

The peculiar odour of veg^^tables. when not 
in a ftate of dccompofition, depending on the 
volatile oil that they contain, it will be obvious 
that the odours of the oils themfeives muft be 
equally various and therefore incapable of being 
deferibed. The tafte of all of them is exceed- 
ingly hot and pungent, but in fome, particularly 
the oil of peppermint, is followed by a remark- 
able fenfation of coldnefs : this however is 
merely a nervous fenfation, the thermometricaP 
temperature undergoing no change. The acri- 
mony of fome of the oils, as the oil of cloves, 
is fo great as a£luallv to deilroy the outer (kin 
of the tongue and or other feniibie parts. The 
confidence of the eiTential oils is very various; 
fome being as limpid as wrater, while others are 
thick and glutinous like tlxe expreflTed oils* A 
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flight degree of tolA is fuflici^nt f&r their con- 
gelation^ at which time they alTume the appear- 
ance of^crydalltne plates, which however mud 
not be confounded with the prifniatic cryftals 
that mod of them depofit by long expofure to 
the air. The colours of elTential oils are various; 
feme are blue, others green, but the ufual colour 
is light ycll6w verging more or lefs by long 
keeping to reddifli brown. 

Eileiitial oil is compleatly volatile without 
decoippofition at a heat lefs than that of boiling 
• water ; (hence if a few drops are fpread on a 
piece of paper and then held for a minute or 
two before the fire,- any fophiftication with ex- 
prefled oil may be detected by the greafe fpot 
that will remain after the volatile oil has been 
entirely exhaled). It may however be detained 
in a higher heat by mechanical mixture with 
'dry ehty or fand, and then it undergoes a partial 
decompofition, carburetted hydrogen being given 
out and a little charcoal remaining in the re- 
ceiver: the undecompofed refidue if fubjeded 
three or four times fucceflively to fimilar treat- 
ment will be entirely deftroyed. 

Eflential oils are highly combuftible; they 
take fire on the application of an ignited body 
or by the eleftric fpark, and burn with a large 
white flame a denfe black fmoak ; a larger 
proportion of oxygen is required for their com- 
builion than of the other oils, and a greater 
quantity of water is produced. 

The efiential oils, efpecially the more volatile 
of them, deoxygenate atmofpheric air very com- 
pleatly, as was firll afeertained by Prieftley, 
which in part at leaft accounts for the unealy 
(enfations experienced by moft perfons when in 
a clofe newly painted room. In proportion to 
the oxygen abforbed the oil becomes thick and 
coloured, mure efpecially if it is at the fame 
time expofed to the fun, and at length nearly 
lofcs its peculiar odour and approaches in con- 
liftence to a foft refin-. In thofe oils diat are 
naturally thick a change of another kind takes 
place : a weakly acidulous water is produced 
and prifmatic cryftals are depofited, the refidue 
of the oil becoming in the mean time concrete. 
Thefe cryftals, which have been occafionally 
miftaken for camphor, are flight I y foluble in 
hot water, and more fo in alcohol, to which 
they communicate the property of reddening 
vegetable blues : when gently heated they melt 
and cryftallize in needles by cooling; when 
treated by the blowpipe they evaporate, but do 
not inflame : from thefe cnarafters they have 
been conlidered as an acid very analogous to 

^Aa. Chim. xxL 174. * 


the benzoic* It appears from the ezperimehta 
of Margueron ^ that fome oils when expofed to 
a freezing mixture undergo the fame change:, 
at the moment of congelation a portion of highly 
odorant gas is difengaged, a watery acid is pro« 
duced and cryftals are depofited. Some eflen- 
tial oils however afford real camphor by evapo- 
ration, as Prouft has fliown, and as the reader' 
will find fully detailed under the article Cam- 
phor. 

Oil that by long keeping in a half-clofed 
bottle has become thick and nearly fccntlefs, 
may be redlified by rediftilling it with water 
and fome of the frelh vegetable from which it 
was originally extrafled, and this was often 
cited as a proof that the fubftances called eflen- 
tial oils were in reality compounds of refm and 
the J^iritus reSior^ or aromatic principle. But 
precifeiy the fame, eftedi may be produced by 
means of alcohol or (till more readily by ether. 
This curious and important faft was firtt ftated 
by De Roover *, from whofe experiments it 
appears that if thick fpoiled oil be mixed with 
yV of fulphuric ether for a few days and then 
diftilled 'wnth pure water, more th-an half the 
oil will come over perfedily limpid and poflefled 
of its peculiar odour, while the remainder will 
be left behind in the ftill in the ftate of a dark/ 
coloured refin. The united weights of the dif- 
tilled oil and refill exceed that of the original 
oil, whence it is probable that the ether affually 
combines with part of the oil, and probably by 
fupplying it with hydrogen, reftores to it the 
liquidity and odour which it pofleffed at firft. 
It is to be regretted that M. Dc R. did not fol- 
low up his experiments by treating the refinous 
portion with frcfli quantities of ether, fo as to 
afeertain whether it was poflible to convert it 
in part or entirely into volatile oil as at firft. 

Eflential oil is fparingly foluble in water, 
from which it may be feparated by diftillation, 
but is taken up much more abundantly by alco- 
hol ; this folution however is decompofablc by 
water, the greateft part of the oil being fepa- 
rated. 

Both fulphur and phofphorus are foluble Im 
elTential oils equally well as in the fixed and 
with nearly the fame phenomena ; phofphorized- 
oil is luminous in the dark, has a fetid odour^, 
and gives ouf phofphuretted hydrogen by diftiU- 
lation : fulphurized oil is of a yellow or brown* 
colour, and gives out on diftillation fulphurettcd: 
hydrogen ; it is often called halfam fulphur. 

The ftrongcr acids a£l: more vigoroufly on* 
the eflential oils than they do even on the fixed* 

Kick. Jeum. 8vo. vii. p. 
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Sulphuric acid caufes a fitong eficmfcence an^ 
^evolution of heat, the oil is xendered thick and 
brown, and water is produced. Highly con- 
centrated and fuming nitrous acid if poured 
luddenly on thefe qils occalionsan inftantaneous 
inflammation; but if fomewhat diluted and 
added drop by drop a confiderable efferrefcence 
takes place, accompginied by the difengagement 
of nitrous gas ; the oil becomes thick and yel- 
low and at length alTumes the appearance of a 
foft relin : by waihing in repeated portions of 
water all the acid is got rid of. The reflnous 
shatter tlius procured is infoluble in water, but 
very foluble in alcohol, to which it gives a 
bright wine colour and a bitter fub-aromatic 
flavour ; it is inflammable and exhibits mod of 
the other properties of true refiu. 

The adlion of muriatic acid upon the volatile 


oils has bem but little examined. When thrown^ 
in a gafleous form into oil of turpentine it black- 
ens it and caufes a precipitation of a feeci^ bx 
Camphor on fubfe^uent wafliine wim water. 
Oxymuriatic acid thickens the volatile oils and 
brings them nearly to the date of refins with., 
little or no colour/ 

The alkalies combine though imperfe£tly and 
not without difficulty with the eflential oils, 
forming a clafs of Soaps, of which we fliall 
fpeak more at large hereafter. 

We fliall cloiie this article bv the following 
lid of the princmal vegetables tnat aflbrd efien- 
tial oil, and of the pre^ortions obtained from a 
given weight of the materials, premifing that 
confiderable allowances are to be made for dif- 
ference of climate, of dryned in the plants, and 
other caufes of uncertainty* 


Name and Jlate of the Vegetable. I Quantity. 


Anife, feeds - - - - 


• 

m 

16 lbs« 

■ ditto - - - 

jm 

• 

mm 

I Jb. 

Cajeput, feeds - - 

- 

• 

m 

I lb. 

Camomile, flowers 

.. 

- 

• 

82 lbs. 


• 

- 

- 

30 lbs. 

Capivt, halfam • • 

m 

- 

m 

I lb. 

Carraway, feed. 

- 

m 

m 

4 $ lbs. 

ditto 

m 

m 

m 

I cwt* 

Cedar, wood - • - 


m 

0* 

I lb. 

Cinnamon, bark 


- 

.■ 

12^ lbs. 

ditto 

m 

- 

- 

I lb. 

— ditto 


- 

- 

4 lbs. 


m 

- 

- 

v3 lbs. 

Cloves - 

• 


m' 

I lb. 

Ditto 

- 

m 

- . 

2 lbs. 

Coriander, feeds 

- 

- 


164 lbs. 

Cubeb, feeds - - 

- 

- 

- 

I2i lbs. 

Cummin, feeds - - 

- 

- 

- 

20 lbs. 

■ —ditto - - 



• 

I bufhel 

Dill, the frelh plant 

- 

- 


60 lbs* 

— feeds F- ^ 

m 


- 

4 Ibse 

ditto - - 


- 

- 

4 lbs. 

Elecampane, frelh root 

- 

- 

12 lbs. 

.■ ditto 

- 

- 

- 

1 2 lbs. 

Feiineh feeds - - 

- 

- 

- 

75 jb* 





I lb. 





Feverfew, in flower 

- 

- 

- 

56 lbs. 

Ginger, root - - - 

- 


- 

I lb. 

Hyflbp, flowers - - 


- 


20 lbs. 

leaves - 

- 

- 

- 

.2 cwt. 

Juniper, berries • 

f- - 


- 

JO lbs. 

ditto - - 

m 

- 

- 

48 lbs. 

— ditto • > 

m 

- 


8 lbs. 

Lavender, flowers 

- 

- 


8o'lbs. 

, ditto - - 

- 

- 

- 

48 lbs. 

»■.. I - ^alks and flower. 

m 

i^i cwt. 


Amount of Oil. 


4-gros. 
X gros 


7 02 . 

2 drachms 
IS grs. 
i8 gros. 
i|oz. 

6 02 . 

4 ioz. 

83 02. 

2 drachms 

1 gros. 
2 -|lcruples 
6 drachms 

4 drachms 
2Joz. 

5 02 . 

5 oz. 

2 oz. 

12 oz. 

2 X oz. 

i^oz. 

2 oz. 

2 oz. 
igros. 

3|drachms 
30 oz. 1- 

8 fcruplcs 

l^OZ. F- 

I drachm 

6 gros. «- 
6 oz. 

4 gros. ^ 

6 oz. ' - 

3 02. 

1 lb. 

12 02 . 

60 OZ. 


9 OZ.* 


Authority^ 


- Beaume 

- Neumann 

- Dehne 

- Beaume 

- Dehne 

- Hoffmann . 

- Beaume 

- Lewis 

- MargrafF 

- Beaume 

- Neumann 

- Lemeri 

- Cartheufet 

- Cartheufer 

• . Hofimann 

. ^Beaumd 

- Lewis ' 


^Beaume 

Lewis 

Beaume 

Dehne 

Beaum^ 

Neumamt 

Beaume 

Lewis 

Beaume 

Lewis 


Beaum^ 

Dehne 

Hofimann, Carthtufer 
Beaume 


^ Lewis 
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]^aitu and ftate tf the Vegetable. 

Quamitya 

Anf^mt efOU. 

Authority^ 

Marioraniy wholeplant & inflowet 

150 Ibsr 

XS oz. . - - ■ 

BcaumA 

'Ditto 

85 lbs. - 

3 ^ 02 . - - 

Lewis 

Myrtlcj leaves ----- 

xo lbs. 

I gros. - -' 

Beaume 

Pepper Black, feeds - - - - 

1 lb. 

2|drachms 

Neumann ' 

— ditto - - . - 

2 lbs. 

6 drachms 

Lewis 

Peppermint, whole plant - - 

4 lb. 

3 drachms 

Lewis 

■ in flower - - - 

I cwt. 

2 -f to 60Z. 

Original communication' 

Rhodium, wood - - • . 

80 lbs. 

2 oz. - - 

Beaum 4 


1 Ib. 

3 drachms 

Neumann 

Rofes, entire flowers - - - 

80 lbs. 

I {drachm 

Poller 

petals ----- 

1 cwt. 

4 drachms 

Tacheniui 

:-*ditt6 

1 cwt. 

1 oz. — - 

Homberg 

Rofemary, leaves - - - - 

24 lbs. 

X oz. - - 

Bcaum6 

■ - ■ in flower - • - 

1 cwt. 

‘ 8 oz. - - 

Lewis 

Rue, whole plant between *7 
flower and feed * * j 

21 lbs. 

I gros. - - 

Beaumd 

"Ditto - -- -- -- - 

72 lbs. 

3 oz. -- - 

Lewis 

Ditto feeds - - - - » » 

xo lbs. 

1 2 oz. - w 

Beaume 

Saffron ------- 

I lb. 

5 fcruples 

Cartheufer 

Sase, in flower ----- 

48 lbs. 

from 2{ to 3 oz. 

Beaume 

— ditto - 

27 lbs. 

6 drachms 

Lewis 

Sanders Yellow, wood - - 

I lb. 

2 drachms 

Cartheufer 

Saflafras, wood ----- 

60 lbs. 

from 1 20Z. to i3|oz. 

Beaume 

ditto ----- 

6 lbs. 

2 oz. -> - 

Neumann 

Savine, whole plant - - - 

23 lbs. 

4{oz. - - 

Beaum£ 

——bark ------ 

29 lbs. 

9 oz. - - 

Dehne 

Spearmint, whole plant - - 

q 6 lbs. 

I oz. - - 

Beaume 

in flower - - - 

61 b. 

4|drachms 

Lewis 

Tanfy, in flower - - - - 

72 lbs. 

i|oz. - - 

Beaum€ 

Thyme, in flower - - - - 

2 cwt. 

S{oz. - - 

1 


98 lbs. 

2 { 0 Z. - - 

VLewis 

dry ------ 

3 i 

1 {drachm 

/ 

Wormwood, the frefh plant - 

712 lbs. 

20 OZ. - - 

Beaumd 

— the dry leaves 

18 lbs. 

1 i{oz. - - 

Lewis 


The cflentlal oils are employed in medicine^ comes over nearly colourlefs, and more volatile 
in perfumery, and in the compofition of var- than before, though ftill poflefled of much of 
nilhes and or oil paints | to which latter purpofe its empyreumatic flavour. Two of thefc oils 
tlie oil of Turpentine is almoft entirely ap- namely, tar' and birch oil, are of conflderable 
propriated. imix>rtance ; for an account of the iirll we (hall 

Oils Vegetable Empyreumatic. refer the reader to the a^cle Turpentine. 

Almoft every vegetable matter when fub^ The latter is prepared in Ruffia, by charring 
je£ked to dry diftillation afibrds a quantity of birch wood in a clofe oven, the watery acid aria 
oil, varying according to the nature of the fub- oil are colledod in a lar^e receiver, and the 
. Ranee, and die circumftances of the experiment. latter produ£l beii^ the ligheft is (kimmed off 
The oU thus'produced has not been fubiefbed from the furface ot the water. This oil has a 
to very accurate exiunination, yet may be de- peculiar feent, and is faid to drive away worms 
feribed as pofleflinpr the following charaAers* and other infefts, on which account it is uied 
Its colour is yelIowi(h-red 'palling mto blackilli- in the^ drefling of Rullia leather, to which it 
red, it has a ftrong odour, and an acrid empv- communicates thofe properties that render it fo 
leumatic tafte; it is more volatile than tne much efteemed by the binders of books: 
fixed oils,^ but lels fo than the proper ellential Oils Animal, 

#aes: by ro-diftitiatioa with a little trater it AU animals except, thofe ipcluded in the 
'T0L« If* 9 A 
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clafs of infeftsj ccHitain oil ; the quantity houf- 
ever of which» as well as the fituation which.it 
principally occupies in the body, is fubje£b to 
confiderable variety. In all cafes it is contained 
in peculiar receptacles of cellular membrane ; 
but thefe receptacles in quadrupeds are for the 
mod part but fparingly difperfod among the 
mufcular fibre, arc more abundant in the bones, 
and mod fo of all in the cavity of the abdomen, 
and efpecially attached to the kidneys. The 
hog however is an exception to this, the prin- 
cipal part of his fat being depofited between the 
ikin an<l the mufcles. In birds the chief feat 
of the oil is immediately belaw the fkin, and 
ill water-fowl it is particularly fecreted by a 
collcdlion of glands in the rump. In the warm 
blooded' lifii, the whale, the oil is chiefly 
contained in the head and jaw-bones, and is iii- 
terpofed in vad abundance betweea the fkin 
and the mufcular flefh. In the cold blooded 
iiih it is contained in the liver, as in the (hark, 
the cod, and the ling ; or is difperfed through 
the whole body, as in the fprat, the herring,, 
and pilchard. 

While the fitt remains in the living body it is 
always in a fluid or fenii-fluid date, but alter it 
has been extracted and is expofed to the conii- 
mon temperature, a remarkable dilTerence in its 
confidence is obferve<l. Tlie oil or fat inveding 
the kidneys of quadrupeds is called fuet or 
tallow, and is the mod folid.and harded of any; 
the next in hardnefs is the fat of the bones, 
and that in which the mufcles. are imbedded is 
the next in degree ; the fat of the hog (called 
lard) is the load folid. The. fat of birds is 
fcldom fo folid as hog’s lard, and. in many 
fpecies is a£lually fluid. The fat or oil of filh 
is almod always fluid at the common tempera- 
ture. Befides the above varieties of animal 
oil, there is yet another contained in the yolk 
of eggs, and which may be cxtradled by fiinplc 
preflure after the yolk has been coagulated by 
heat. 

Animal oil in its pured date is obtained by 
cutting frefli fuet into flireds and liquefying it 
'in boiling water, and then pafling it through a 
piece of thin gauze, in order to feparate the 
cellular membrane. When tlius purified it is 
of a yellowifh-white colour, moderately hard, 
of a mild tadc, and nearly deditute of odour or 
flavour : it is combudible, like the fixed vege- 
^ table oils, and agrees alio with thefe in the 
changes produced upon it by the alkalies and 
Other chemical re-agents. All the animal oils 
however belong to Uie clafs of unfloous fat 


oils, none of them being either drying in itfelf 
or capable of becoming fo by means of litharge 
or other fubdances. 

When fat is expofed to dry didillation, as 
foon as it acquires the temperature of about 
4oo« it emits a white acrid and difagrceable 
vapour; as the heat increafes fome oi the oil 
comes over into tlie receiver, ami what remains 
in the retort acquires a blackifli tinge ;. empy- 
rcumatic, acetous, and Skbacic acids, then 
make their appearance, together with carbu- 
retted hydrogen and carbonic acid of a mod ' 
remarkably ofFenfive odour. This circumdancc 
iliews that there is. a real difference betw'ccri 
animal and vegetable oils, though it has not yet 
been pointed out bjr chemical analyfis. The- 
coarfer kinds of animal oil being extraflcd by 
means of putcefiuSbion and a drong heat, poflefs 
a much more difagrceable . odour than«^ai'i)r of 
die vegetable oils, and when rancid difengage 
ammonia by die adlion of the fixed caudic alka- 
lies, in which alfo they difler from die latter. 

The fifli oils W!heii rancid, and from the mode 
of their extra£lion they never are otherwifev 
are for the mod part thick and glutinous, which 
in fome meafure dilqualifics them for burning 
and for fome other ufes to which they arc ap- 
plied. Many attempts, for the mod part with- 
out fuccefs, have been made to bring them to. 
a better date, but as appears from the experi- 
ments of Mr. DolFie^ ^ they may be confiderably 
Improved by means, of fixed alkali and chalk,, 
by wliich the albumen and gluten are dirowiv 
down, aiul die fupernatant oil after due red 
may be poured off' in a fluid date, and very 
fenfibly amended both in confidence, in odour, 
and in fitnefs for burning. 

Animal oils are fubdances of great economi- 
cal importance. They, are ufed as food, and. ki 
medicine as the bafe of various unguents : they 
largely employed in the manufaAure of foap, 
and for burning either in lamps or in the form 
of candles. 

Awimal Oil VoLATiLR>or Dippel’s Oil. 

As in the vegetable kingdom oil is produced 
'by the dedruSive didillatiom of various fub- 
dances that contain none in their natural date ; 
fo it is with refpc^l to the animal kingdom. 
If albumen, or gluten be diddled at a dry heat, 
there- arifes together with the ammonia, and 
carburetted hydrogen, a quantity of fetid black 
oil t this was macte the fubje£% of various expo- 
rimentsi firil bv Dippel,, a chemift of Berlin, 
and afterwards oy Rouelle. From the concun^ 
rent labours, of thefe enquirers it appears that 
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of tilts oil is.re£tiiied by thred fucceflive diftilla- 
tions from the furface of watcr^ or by a greater 
number without water, it becomes at leiigth 
quite colourlefs and tranfparent ; it has a power- 
ful but fomewhat aromatic odour, and is nearly 
as light and volatile as ether. It contains a 
little ammonia, and hence changes the colour 
of fyrup of violets green, it is fpariiigly foluble 
in water, and largely fo in oils, ether, and alco- 
hol. It combines both with acids and alkalies 
into imperfeft foaps j it is very inflammable, 
• and like the vegetable eflential oils, may be fet 
on fire by ftrong nitrous acid. If cxpoled even 
to the light it is partly decompofed, loiing its 
tranfparency, and becoming of a brown colour. 
It was formerly employed in medicine, but is 
now wholly diliifed. 

Oil Mineral, or Petroleum, See Bitumfn. 
Wine. See Ether. 

Oil OF Vitriol. See Sulphuric Acid. 

Oil of Tartar, per deliquium. See Car- 
BONAT OF Potash. 

Oisanite. Sec Anatase. 

Olefiant Gas. See Cakburetted Hy- 
drogen. 

Olive Oil. See Oils Vegetable Fixed. 

OLIVIN. Volcanic Chr^oliie. Peridot granu^ 
liforme, Hauy. 

Its colour is between afparagus and olive- 
green, but by expofure to the weather it be- 
comes yellowifh-brown. It occurs imbedded 
or difleminated in bafalt, and fometimes in 
rounded pieces, alfo, though rarely, in fmall 
rectangular prifms. Internally its luftre varies 
between glimmering and fliining, and is vitreous . 
palling into refinous. Its fraAure is more or 
lefs imperfe£lly conchoidal, palling into fplintery 
and uneven. Its fragments are indeterminately 
(harp-edged. When in large pieces it exhibits 
granular diftln£I concretions. It varies from 
femi-tranfparent to tranflucenL It is hard, 
but lefs fo than quartz ^ it is brittle and ealily 
frangible. Sp. gr. 3.22 to 3.26. It is nearly 
infulible before the blow-pipe without addition ; 
and lofes its colour by digeilion in nitric acid. 
It has been analyfed by Klaproth with the fol- 
lowing refult : 

48. to 52 Silex 

37. — 38.5 Magnelia 

0.25 — 6.20 Lime 

12.5 — 12. Oxydofiron 

V r 97 - 7 S 

Lofs 2.2{ 

10Q« 


It occurs only in proper bafalt, and not in. 
any other rock of trap formation. It is very 
eafy of decompofltion, to which circumllance 
many bafalts owe their porous texture. It is 
found very abundantly in Bohemia and other 
parts of Germany, alfo in France, Britain, 
Norway, and fcj weden. 

OOLITE. See Limestone. 

ONYX. See Chalcedony. 

OPAL. 

Of this mineral there arc the four following 
fubfpecics. 

I. Subf. Noble Opal. Edler Opal^ Wern. 
UOpale noble. Broch. 

Its colour is milk-white, or pcarl-grey, and . 
when held between the eye and the light is pale 
rofe-red and wine-yellow : by rcllcdled light it 
exhibits, as its pofition is flightly varied, the . 
clearclt and moll beautiful irideicent colours, 
particularly verdegris and emerald-green, gold- 
yellow, lirc-rcd, bright-blue, and pearl-grey ; all 
thefe tints are often exhibited in the fame fpeci- 
men, but when only one colour is prefent the 
green is the moll clleemed. It occurs in mafs, 
dilTeminated and in fmall veins. Its internal luftre 
is vitreous and brightly lliining. Its fra£);ure ^ 
is conchoidal. Its fragments are indeterminate* 
(harp-edged. It is moderately tranllucent paf- 
ling to femi-tranfparent, and even tranfparent. 
It is moderately hard and very brittle. Sp. gr. 
2.114. 

Before the blow-pipe it crackles and flies, 
and becomes of an opake white, but does not 
melt. It is compofed, according to Klaproth, 
of 

90 Silcx 
10 Water 

100 

■ •. 

It occurs difleminated in clav porphyiy. It 
was formerly found near Freyoerg in Saxony,' 
but is at prefent met with only at Cfcherwen- 
itza, near Kafehau, in Upper Hungary. 

It is the moll beautiful of the gems, and. 
among the Eaftern nations is in particularly 
high eftimation. In Europe its value thougn 
conliderable, is inferior to that of the oth^ gems, 
from its* foftnefs and liability to fpiit on a fuddeii' 
change of temperature. It is chiefly employed 
necklaces, and ear-rings, and finger-rings. 

The mod beautiful varieties arc called oriental 
opal, but there is no fatisfaAory evidence to 
(hew that this fubftance has ever really been, 
found in the Eaft. • ^ 

Some varieties of opal, from expofure to the 
"2 A 2 
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weather^ are dull and opalce, probably in conf^^ 
quence of having loft part of their water ; but 
by *immer(ion in this fluid, their minute pores 
become again filled, and they then exhibit the 
ufual play of colours. Such ftones are called 
‘ hydrophanes, and are in high eftimation. 

The moft beautiful opals known are in the 
Imperial cabinet of Vienna : one is a piece about 
five inches long, and two and a half in diameter : 
another is of the fliape and fize of a hen’s egg* 
Both are remarkably rich and fplendid. 

2. Subfp. Common Opal. Gemeiner Opal^ 
\Y ern • X’ Opale commune^ Broch. 

Its colour is greyifli, greenifti, yellowifh or 
milk-white, hence it paffes into apple green, 
honey and wax-yellow, and fometimes, though 
rarely, into tile red, or flefli red. The milk 
white variety appears by tranfmitted light of a 
wine yellow. It occurs maflive, diflTeminated, 
and in angular pieces. Its luftre internally is 
between vitreous and refinous, and is bright 
(hining. Its fra£lure is conchoidal. Its frag- 
ments are indeterminately angular and fiiarp- 
edged. It varies from tranllucent to tranf- 
parent. It is moderately hard, brittle, and 
eafily frangible. Sp. gr« 1.9; to 2.0 1. 

It is inmfible before the blow-pipe without 
addition. Two varieties, one from Kofemutz 
and the other from Telkobanya, have been 
analyfed by Klaproth lyith the following refults. 

Kofem. Telkoban. 

Silex - - 9^*75 — 93-5 
Alumine - o. i — o 

Oxydofiron o.i — i. 

Water - - o. 5. 

pg 95 99-5 

It occurs chiefly in porphyry 5 but alfo in 
granite, gneifs, amygdaloid, and ferpentine. 

The green variety is found at Kofemutz in 
Silefia, where it accompanys chryfoprafe in a 
' bed of ferpentine. In Iceland it alternates with 
chalcedony. It is alio met with in various 
parts pf Saxony and Bohemia, near Florence 
tn Italy, Telkobanya in Hungary, in the North 
<>f Ireland, in Cornwall, in Brittany, and in 
the Faroe iltands. 

Several of the varieties of common opal as 
virell as of the noble opal, are hydrofdianous. 

3. Subfp. Semi-Opal. HalbopaL Wem. 
J^a ’Demi^Opotem Broch. 

Itt ufoal colours are yellowiih^ greenifli,. 
itrid milk-white, alfo aih-grey, and greyilh- 
black, apple-green, olive-green, honey-yfflow» 
JlellowUhorown, and chelautrbrowik Its dCH 


lours are more dull and muddy thad Aofe of 
common opal, and they often occur in fpots, ' 
bands, and clouds. It occurs maflSve, diiTemi- 
nated, tuberous, renifbrm, botryoidal and fta^* 
laAitic. Internally it is gliftening or Aiming. 
Its frafture is imperfeftly flat conchoidal, verg- 
ing on even. Its fragments are indetermi- 
nately angular fliarp-edged. It is more or lefs 
tranllucent, is moderately hard, brittle, and 
eafily frangible. Sp. gr. 2.54. 

It is infufiblc before the blow-pipe without 
addition. Two varieties, the one from Telko- ' 
banya, and the other from Menil Montant, 
have been analyfed by Klaproth, with the 
following refults. 

Telfcob. Menil. 

Silex - - 43*50 — 85.5 

Alumine - o. •— i. 

Oxyd of iron 47. ~ 0.5 

Lime - o — o.^ 

Water - 7.5 — ii.o 

98.0 98.5 

It occurs in veins in porphyry and amygdaloid, 
and in metalliferous veins in granite and gneifs. 

It ufually accompanies common opal, and is 
found in the fame places with it. Foffil teeth 
alfo are occalionaljy found penetrated by this 
mineral. 

4. Subfp. Wood Opal. HolzopaL Wern. 
Opal l^igniforme. Broch. 

Its colours are greyilh and yellowiAvwhitc, 
alfo ochre-yellow, yellowilh-brown, afli-grey, 
and greyilh-black. It occurs in large pieces, 
which have the form and texture of wood. 
Internally it has a gliftening fomewhat refinous 
luftre. Its crofs fra£lure is conchoidal, but 
its longitudinal fraAure is broad fplintery. Its 
fragments are indeterminately angular fliarp- 
edged. It is tranflucent, moderately hard, and 
eafily frangible. Sp. gr. 2.6. 

It appears to be wood penetrated with opal, 
and is found near Schemnitz, and at Telkobanya 
in Hungary^ 

ORPIMENT. See Arsenic. 

ORPIMENT NATIVE. See Arsenic^ 
Ores of. 

ORES. 

An ore is a metal in the ftate in which it exifts 
in the earth. It may be dther native, that is^ 
pure and uncombined with any other fubftancej^ 
or alloyed with another metal, or in the ftate 
of an oxyd, or a fulphuret, or a carburet, or o( 
a metallic (kit. It is alfo mixed in almoft every 
cafe with various earthy mineralsA’ Bor a pap» 
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tietilar defcriptlon of the ores of each metal, 
of their analyfis, and the 'methods purfucd in 
their redudlion, fee the firft, fecond, and third 
fe£kions, in tlie account of each metal* 

OSMIUM. See Flatina. 

OXALIC ACID. Sauerkleesaure. Germ. 

This acid is found frequently but not abun- 
dantly native, in various combinations, and it 
is alio produced by the mutual a£lion of the 
nitric acid upon a vafl: number of vegetable and 
» animal fubftances. It is found native in a few 
acid vegetable juices, and in tolerable abundance 
in the exprefled juice of the sorrel plant (Oxalis 
Acetofella. Linn.) naturally united with a 
quantity of potalh not fuflicicnt for com pleat 
faturation, forming an acidulum which has long 
been prepared for culinary and medicinal pur- 
oo^.jp fome parts of Europe, and fold as the 
jKffeniial Salt of Sorrel^ long before its real nature 
was difcovered. This acid is found in fome 
fpecies of urinary calculi. 

The oxalic acid is artificially prepared by 
boiling a. fufficient quantity of nitric acid with 
a variety of vegetable and animal fubftances, 
fuch as fugar, mucilage, alcohol, (ilk, animal 
jelly, &c. icc. and many of the other vegetable 
acids (the acetous excepted; are convertible 
into the oxalic by the a£);ion of the nitric acid* 

The oxalic acid as artificially prepared, was 
firft difcovered by Bergman, who has given a 
very valuable effay on the fubjeil. This emi- 
nent chemift prepared it by diftilling nitric acid 
from fugar, and hence he termed it the jlcid of 
Sugar. But as the acid of the native fait of 
forrel was foon after difcovered by Scheele to 
identical with the acid of fugar, the term Oxalic 
jfeidhAS been more commonly adopted, and the 
combinations of this acid with the various bafes, 
have been termed Oxalats. 

This acid is prepared from fugar, very (imply 
and eafily by the following procefs : put a fmall 
quantity of white fugar into a tall glafs matrafs, 
with a narrow neck, add thereto fix times its 
weight of concentrated nitrous or nitric acid, 
of moderate ftrength, apply heat, and bring it 
gradually to boil, during wnich the fugar fpeed- 
^ diflblves in the acid, and then decompofes 
it with evolution of abundance of nitrous va- 
pour. Contini!ie the boiling for about ten 
minutes, then fet the liquor by to cool, when 
it will depofit regular cryftals of oxalic acid. 
Evaporate the remaining liquor confiderably, 
and by cooling another crop of cryftals may be 
procuied^ and fometimes a third. Rediflblve 


all the cryftals in as much water as will take 
them up when boiling, and by cooling (lowly 
the cryftals will again feparate in a more regular 
form, and freed from the adhering nitric acicL 
Dry thefe cryftals on blotting paper, and they- 
are the pure oxalic acid. A retort and receiver 
may be ufed for the procefs inftead of a mat- 
trafs, when it is an object to fave the fuperiiu- 
ous nitrous acid. About 58 parts of oxalic 
acid may thus be obtained from 100 of fugar*. 

The oxalic acid when in a regular form,‘ 
cryftallizes in four-fided prifms, the faces of 
which are alternately broad and narrow, and 
terminating in dihedral fummits. Thefe cryf- 
tals do not deliquefee, but by expofure to the 
air they fall into a white powder. 

This acid has a very pungent, and when 
diluted, a very grateful fourneis. The cryftals 
difiblve in their own weight of boiling watery 
and twice their weight of cold water. * The 
fpecific gravity of a cold faturated folution is 
about 1.06. This acid has all the common. « 
properties of acids, of changing vegetable 
colours, and forming neutral falts with the 
alkaline, earthy, and many metallic bafes. It 
alfo forms acidula with all the alkalies, when 
the proportion of acid predominates. 

This acid, like all the other vegetable acids,, 
is decompofed, and its acid properties deftroyecL 
by heat, more or lefs compleatiy in proportion^ 
to the degree of heat. Ii heated in a retort 
with a gentle fire the water of the cryftals firft 
comes over, amounting to about of the* 
whole, and the acid fufes. On encreafing 
the fire, the acid grows brown, and part of it is 
fublimed as a white faline cruil, but the greater, 
part is refolved into carbonic acid, and carbu- 
retted hydrogen, which come over in large* 
quantity, having a pungent empyrelimatic fmell*. 
The refiduc in the retort entirely burns away in^ 
the open air, without leaving any a(h. 

Alcohol when boiling readily diflblves fome- 
what more than half its weight of oxalic acul*. 
On cooling, a fmall portion is depofited in fmalL- 
fcaly cryftals, but the greater part remains in 
folution.' The alcoholic folution when heated 
yields a portion of alcohol holding fome of the 
acid diffolyed, and alfo a very* fmall quantity o£' 
an imperfect ether. 

Sulphuric ether diflblves oxalic acid, though, 
with difficulty. 

Sulphuric acid heated upon the oxalic black- 
ens it, and the two fubftances are* mutually: 
decompofed in part* 

The nitrous or nitric ^id readily diflblven. 


' Bergmaa, ss tbs Acid sf Sotar* 
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the oxalici and if tlie former is in fufficient 
quantity! and the mixture long boiled, much 
nitrous vapour is given out, no oxalic acid is 
found in the liquor, but the whole is converted 
into carbonic acid and water. 

The muriatic and acetous acids (imply diiTolve 
the oxalic, but do not decompofe it. 

The compofition of this acid according to 
Fourcroy and Vauquelin, is 77 per cetit. of oxy- 
gen, 13 of carbon, and 10 of hydrogen, lb 
that it appears to be one the moft oxygenated 
of all the known acids. 

Before we proceed to defcribe the falts which 
it forms with tlie different bafes, feme obferva- 
tiens may be added on the circumllances of its 
formation. 

The oxalic acid is found but rarely native, but 
is readily produced by the a£^ion of nitrous acid 
on almoft every foluble vegetable matter, and 
moft animal matters. During > this a£lion the 
nkric acid is obviouHy decompofed, and much 
nitrous gas given out, and hence the produ6l muft 
contain much of the oxygen which the nitric 
ucid parts with. But it appears that die forma- 
ation of oxalic acid is not in any cafe a flmple 
oxygenation of carbon and hydrogen, but a 
much more complicated operation, in which 
according to well-eftablilhed laws of affinity, 
fpecilic proportions of carbon and hydrogen 
unite with a certain portion of oxygen to 
form oxalic acid, whillt at the fame time other 
portions of the fame bafes form different pro- 
dud^s. Hence it is inaccurate to ftate as is 
fometimes done, that fugar the bafe of the 
oxalic or faccharine acid, iiiice it is a compound 
of hydrogen and carbon derived from the fugar, 
and which the aflion of die nitrous acid caufes 
to be feparated in the proportions neceffary for 
that purpofe. Hence the utmoft a£lion ot the 
nitric acid on oxalic acid differs from that 
which it exerts on fugar, for in the former cafe 
only carbonic acid and water are formed, 
whereas in the latter diere is generated a quan- 
tity of acetous acid. 

The MaVc Acid appears to be produced along 
with the oxalic, in almoil every inilance yet 
examined, and it forms the greater part of the 
mother liquor, or fluid part from which the 
oxalic feparates by cryftallization. The malic 
arid is alfo chiefly (but probably not entirely) 
convertible into oxalic by the further adJiion of 
nitrous acid, and hence it is in fome fenfe an 
intermediate ftate between oxalic acid and the 
hydro-carbonous bafe previous to oxygenation. 
'*riiis is fhewa by many experiments of Scheele. 

Jeiim. de Fbjrf, 


This excellent *chemift diftilled eqifal pbrts 'of 
nitric acid and fu^ar,*’ flopping the procefs 
when the mixture in the retort had acquired a 
brownifli colour, which indicated that all th^ 
acid was decompofed. 'Hie liquor was acid 
and of a fyrupy Confiftcnce: on adding lime- 
water, fome oxalic acid feparated in the form 
of oxalat of lime. The remaining liquor was 
then faturated with lime (which occafioned no 
further precipitation) after which it was coagu- 
lated by alcohol, the coagulum decompofed by 
acetite of lead and fulphuric acid (in the way 
deferibed under the article Malic Acid) and a 
quantity of pure malic acid was produced. On 
the other hand when the proportion of nitric 
acid is much greater, the produdl of oxalic acid 
iiicreafes, and that of malic diminiflies. 

The fame excellent chemift found gum-arabic 
treated with nitric acid, to yield a mixture of 
malic and oxalic acid (fee the article Afucilage). 
Manna, the fame ; fugar of milk the fame, to- 
gether with the facchola£lic acid (fee Milk), 
Salep the fame, together With oxalat of lime ; 
aloe, colocynth, and fome of the refinous gums 
the fame, but in fmaller quantity \ many of the 
vegetable extra£ls the fame, together with fome 
oxalic acidulum, or fuper-oxalat of potafh (the 
potafh being doubtlefs furnilhed from the acetite 
of potafli which V' auquelin has found to cxift 
in extrafls). Of the eflfential oils only that of 
parfley could be made to iurnifh thefe acids, 
which it did in abundance, and was totally 
refolved into them. 

Several animal matters were then treated with 
nitric acid in the fame way. On one part of 
glue were poured two of nitric acid, much, 
nitrous vapour was given out on heating, the 
glue was diflblved, and the next day cryilals of 
oxalic acid appeared in the liqour. The uncry- 
ftallizcd re(idue faturated with chalk, and treated 
with acetite of lead and fulphuric acid, gave 
the malic acid. Kinglafs, the white and yolk 
of egg, and blood, gave the fame produ£ls« 
During thefe procefles with animal matters, as 
this excellent chemift obferves, a quantity of 
thick greafe feparates, little nitrous gas or. 
carbonic acid is given out, but an abundance of 
viiiated air (azot). Another remark equally ^ 
important is that whenever the oxalic acid is 
produced by the a£tion of the nitric on animal 
or vegetable fubftances, a quantity of acetous 
acid is found in the receiver, mixed with the 
diftilled nitrous acid. This latter difeovery 
appears to have been made nearly at the fame 
tifne by Scheele and Weftrumb* 

tom. s8« p. 4 zx« 
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Alcohol treated hf nitrous acid affords a 
large quantity of oxaliq acid, as already noticed 
under the article Ether Nitrous^ hence it is 
always procured from the rcfidue of the diflilla- 
tion of this ether. But the proportions of ni- 
trous acid and alcohol which give the mod 
oxalic acid, are different from thole that pro- 
duce the mod ether. The latter are about 2 
of acid to 3 of alcohol, but the former Ihould 
be about 3 of acid to i of alcohol. M. Sage ^ 
mixed together in a retort i8 oz. of drong 
nitrous acid with 6 of alcohol, in half an hour 
the mixture boiled . fpoiitaneoufly, and fome 
ether mixed with nitrous vapour didilled off*. 
The rcfidue evaporated to about one ounce gave 
^ of an ounce of oxalic acid* 

The produ61ion of oxalic acid from animal 
fubdances, difeovered by Schcele, has been 
’^QKt'iitiiied with great accuracy by Bcrthollet in 
his excellent memoirs on the nature of animal 
matter.^ He fclefled filk for his fird experiment 
on account of its apparent uniformity or compo- 
fition. On didillhig filk with feven or eight times 
its weight of nitrous acid, the whole was refolved 
into a blueifli liquor, which yielded a large 
quantity of oxalic acid, befides which when the 
liquor was cold there was colledled a thick 
feum of ait oily or greafy matter, fimilar no 
doubt to that which had been obferved by 
Scheelc m his experiments. 

M. Bcrthollet on fubjefling. a number of 
animal matters to the fame procefs, obtained 
from all oxalic acid, and this animal greafe, but 
in very varying proportions. He takes no notice 
of the malic acid, which however mud have 
been formed at the fame time and remained in 
the folution. Of all tliefe fubdances wool gave 
the greated quantity of oxalic acid, yielding 
ne4rly half its weight, which is more than is 
procured from fugar or any known vegetable 
matter. Skin and hair gave nearly as much 
as wool. Mufcular ilelli, well walhed, gave 
hardly any oxalic acid, but an unufually 
large proportion of animal greafe. This latter 
when in large proportion, clofely adheres to 
the oxalic acid, renders it yellow, and difficult 
to crydallize. This kind of greafe is very 
different from the animal or vegetable oils, 
aiid gives much ammonia by diltillation. It 
appears to be derived chiefly from the azotic 
part of the animal fubdance, fince it abounds 
mod in thofe parts that yield mod azot, and is 
not produced in a fimilar treatment of vegetable 
matter: whereas the bafis of the oxalic acid is un- 
qtieftionably a mixture of carbon and hydrogen. 

. ' : ^ Mem. ds rJicad* for jySj. ' 


In no indance is oxalic acid produced with* 
out the fenfible difengagement of nitrous 
vapour, and the confequent decompofition of 
the nitrous acid employed. Therefore it gene- 
rally tequires the ailidance of heat for its pro- 
du£l;ion. Thus M. Bcrthollet found that (ilk 
and nitric acid digeded at the heat of 70* gave 
out a large quantity of azotic gas, the filk was 
diffolved, and fome of the animal greafe fepa- 
rated, but no oxalic acid was formed at that 
period, (fince no precipitation was produced. by 
lime-water)^ but on raifing the temperature 
nitrous gas waS evolved, and oxalic acid was 
generated. 

No other agent but the- nitrous acid has been 

J ^et found capable of producing the oxalic acid. 
Dven the oxymuriatic acid, one of the mol): 
powerful of all the oxygenating agents, fails to 
convert fugar into oxalic acid, but in its dead 
generates fiance acetous acid, and probably 
carbonic acid and water.. 

It is very commonly reprefented that there is 
a regular gradation or oxygenation in certain of 
the vegetable acids, that is to fay, that the 
fame hydro^carbonous hafe with a fmall quantity 
of oxygen produces the tartareous acid, with a 
greater quantity the citric^ and fo on, and thqs 
by merely encreafing the dofes of oxygen it 
pafles from the tartareous through the feveral 
dates of citric, malic, oxalic, and acetous acids, 
and lailly is totally convertible into carbonic 
acid and water. This lad pofition is certainly 
true, for as all thefe acids appear to contam 
only carbon, hydrogen, and oxygen in different 
proportions, the ultimate effe£l of oxygenation 
is to convert them into carbonic acid and water, 
but no unexceptionable experiment has yet been 
given in which any given quantity of one of 
thefe acids has been totally converted into ano- 
ther acid by the adlion of nitric acid. 

In all thefe changes therefore there appears 
to be a new arrangement of the proportions of 
the hydro-carbonous bafi^ as wcli as of the 
oxygen, and at lead two, (and often more) 
fubdances. are generated, however, fimple the 
procefs appears to be. It is fcarcely polfiblc to* 
affign a fatisfaflory reafon for many of the 
changes that take place, and to explain why in 
fome circumdances the mucous acid and vinegar 
ihould be formed, in others, the oxalic and 
malic acids, in others vinegar and carbonic acid, 
but from the much more frequent produ£Iion 
of the oxalic than of any other- acid, we may 
infer that he proportions in which its conditu- 
ents exift, are thofe in which the mutual 
• Ditto for Z780 sad 1785. . 
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kfenity M extremely ftrong and fcarcely to be 
broken but by the combined effect of tne moft 
powerful agents. It appears probable too from 
Kcheele's rcfearches, that the malic acid is in 
moil inllanccs a neccilary confequence of the 
produ£lion of the oxalic, but not being cryf- 
tallizable, nor very readily, detefted, it has 
probably been moft commonly overlooked. 

The oxalic acid is a valuable teft in chemical 
experiments to determine the prcfence of lime 
in liquids, in whatever combination this earth 
exifts. The precautions required in its ufe will 
be mentioned under the article Oxslat of lime. 

The affinities of oxalic acid are in the follow-- 
ing order: lime, barytes, ftrontian, magnefla, 
potafli, foda, ammonia^ alumincj and metallic 
oxyds. 

OXALATS. 

Th^ oxalic acid unites with all the alkalies^ 
earths, and moft metallic oxyds, forming falts 
of which a v^ry few only are of importance. 
This acid like the tartareous, combines with the 
alkalies in two different proportions, in each of 
^hich it forms cryftallizable falts. One of 
thefe ftates is with the acid in excefs, forming 
therefore falts known by the general term of 
mcidula^ the other is when the two ingredients 
are in perfefl; faturation. Of thefe the Acidu- 
lous oxalat of petajb^ or according to Dr. 
Hiompfon’s ufeful nomenclature, the Super- 
.oxalat of potajhy has been examined with the 
greateft care. 

All the oxalats are readily decompofed by 
heat, the acid burning off, and leaving the bale 
carbonated. 

Oxalic Acidulum. Super-oxalat of Potajh. 
Salt of Sorrel, 

A fait has long been prepared in feveral parts 
of Europe from the Juice of the forrel plant, 
for medicinal and other purpofes, particularly 
in Swabia, Thuringia, and fome parts of Swit- 
zerland. The memod of making it has been 
deferibed by Savary, Cartheufer, Weigleb, and 
others, and is very fimple. Large quantities of 
the plant are colle£led and expofed to conC- 
derable preffiire in a mill, (or in any other way) 
and the turbid Juice thus expreifed is allowed 
to ftand for fome days till much of the fecu- 
lence has fubfided. The clear liquor is then 
evaporated to one half, and fet by in a cool 
place, and after fome days a quantity of fmall- 
. grained cryftals are depoflted. Thefe are re- 
anoyed, and the liquor further evaporated, by 
which a fecond crop of ci^ftals is colleQed, 
•and fometimes a third or a fourth is got by the 
/ame means. The cryftals are at firft very 


mucilaginous and impurp, but by re-fofution and' 
evaporation they become clean, and then appear 
in the form of fmall white needles, in which 
ftate they are fold at a high price for taking 
out iron-mould fpots from nnen, and for medi- 
cinal ufes. - According to Savary, 50 lbs. of 
the freffi plant yield about 25 lb. of juice, from 
which 2j oz. of the eflential fait may be cx- 
tra£ted. Cartheufer® obtained much more, 
one pound of the plant giving as much as 
1 1 dram, which would be in the proportion 
of nearly oz. from 50 lbs. of the plant, but 
probably this was lefs pure. 

The tafte of this fait is very four, fetting 
the teeth on edge, but has nothing bitter or 
unpleafant. The fait is hard and brittle, and 
decrepitates in the fire. It is very commonly 
adulterated by fulphat of potafh. 

It was Scheele that firft difeovered the tme 
compolition of this fait, and (hewed it to be 
compofed of potafh with excefs of an acid, 
which by every teft was identical with the acid 
of fugar which had been lately difeovered by 
Bergman. The method purfued by Scheele 
was the following: fome warm water was 
faturated with fait of forrel, and a folution of 
acetite of lead was then added as long as any 
precipitate appeared, which laft was edulcorated 
witli warm water. This confided of the oxalic 
acid united to the ox yd of lead, whilft the 
fupernatant liquor contained acetite of potafh 
produced by this double decompofition. This 
precipitate was then deconipofed by digeftion 
with fulphuric acid, by which the oxalat of 
lead was converted into an infoluble fulphat, 
and the clear liquor contained the pure oxalic 
acid, which was obtained in its cryftalline form 
by due evaporation and cooling. The propor- 
tion of fulphuric acid required was determmed 
by dccompoGng by this acid feparately as much 
of acetite of lead as had been ufed, and noting 
the quantity of acid employed. The acid thus 
obtained from the fait of forrel was then exam- 
ined chemically, and found to agree exadlly in 
all its properties with that obtained from fugar 
by the nitric acid. A fait precifely refembling 
the fait of forrel was then reproduced 
adding gradually to a folution of the acid fome 
liquid carbonat of potafh, much lefs than fui^ 
ficient for faturation, and during the effervef- 
cence occafioned by the mixture, a number of ' 
fmall faline fpiculae fell down, which when 
examined were found to be exa£lly die fame 
with the native fait of forrel. 

The oxalic acidulum may alfb be producc;d by 
adding pure oxalic add- to ^nitrej as the fame 
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eminent chemiA alfo difoover^t the affinity of 
'this acid to diat portion of pbtaih neceiTary to 
form the acidulum being greater than that of 
the nitric acid for potafli. In the fame manner 
the oxalic acid will partially decompofe many 
ocher of ^e falts with potalh^ fuch as the 
muriate acetite» fcc. In thefe cafes the fuper- 
ox^at of potaffi being much lefs foluble man 
the other falt^ precipitates in fmall needled 
cryAals. 

This (alt however readilv diilblves in hot 
water^ requiring no more tnan about its own 
weighty but the greater part feparates by cool- 
ing. The folution is not decompofed tponta- 
neoully by lone keeping,*’ in which refpeA it 
differs from me taitareous acidulum. The 
fulphuric^ nitric, and muriatic acids decompofe 
this fait only at a boiling heat. 

^ ^jOicALAT OF Potash. 

‘V^en the oxalic acid is fuper-faturated with 
potafli and flowly evaporated, elegant prifmatlc 
cryAals are formed, m which neither the acid 
nor alkali predominate. This fait may be made 
by adding to the acidulous oxalal fomewhat 
more potafli than is neceffary for faturation. 
This wt is much more foluUe in water than 
the la A mentioned. Alcohol diflblves it wiA 
difiicul^. It is partially decompofed by flie 
fulphuric, nitric, and muriatic acids without 
heat, that is to fay, a portion of the potafli is 
abAra^ied, and the remainder pafles to thq 
Aate of the fuper-oxalat. But with the affiA- 
ance of heat it is entirely decompofed. 

OxALAT OF Soda. 

The oxalic acid united to a fmaller quanrity 
of foda than will faturate it, forms a fpecies of 
acidulum which has been but little examined. 
Saturated with foda, k fait is produced difficult 
of folution, and which feparates in Imall cryfe 
talline grains. 

Oxalat of Ammonia. 

Ammonia alfo unites with oxalic acid in two 
proportions. When as an acidulum, it forms 
felt in fmall cryAals, and of difficult folubiHty, 
but when perfeAly faturated the felt cryAallizes 
in large four-fided.prifms. Thefe lofe about j- 
of their weight by a gentle heat, and are very 
Ibluble in water but not in alcohol. This com- 
bination of oxalic acid is the moA ufeful for 
dete&iBg die pt^cfence of lime, as will be 
prefimtly mentioned. 

Befides thefe fimple felts with the oxalic 
add and dkalicf, fieweral tiiple falu (moA ^ 

~ ^avrerof f/fteme. 


them cryAallizable) may be formed by feturatipf 
the fuper*ozalat of one alkali by a diflerent onef 
Ulus if the fuper-oxalat of potalh is feturatisd 
with foda, a triple neutral fait is obtained, oon- 
fiAing of oxalic acid, potafli and' foda. In like 
manner ammonia readily combines with the 
fuper-oxalat of potafli and foda. In this as in 
other refoe 6 !ts, the habitudes of this acid Arong- 
ly refemble thofe of the tartareous acid. 

Oxalat of Barytes. 

This acid forms with barytes a fait which 
when the acid is in excefs, appears in the form of 
pellucid angular cryAals. Boiling water diffiilfes 
a fmall portion, out converts the remainder 
into a white powder, rendered infolubie by 
loiiM its excels of acid, which the water al>- 
Aradts. On cooling, moA of that portion 
which had been diflolved feparates in fmall 
cryAals. This felt is decompofed by fulphu- 
ric acid. 

Oxalat of Strontian. 

By pouring oxalat of potafli into muriat of 
Arontian, an infolubie white powder is oh^ 
tained, compofed according to Vauquelin^ of 
59| Arontian, and 4o| acid. 

Oxalat of Limb. 

The oxalic acid attrads lime with greater foircq 
than any other acid, and therefore is capable 
of decon^fing compleatly all the known cal* 
careous lUrs. Hence the great utility of this 
acid in detecting lime in every foluble combina- 
tion. Oxalat of lime is infolubie in water, fo 
that when this acid is added to a folution con- 
taining lime, a white precipitate of oxalat of 
lime tails down, from which, when colleAed*, 
waflied, . and dried in a ihoderate heat, the 
a£lual quantity of lime may be readily inferred. 
By vei^ accurate experiments Dr. Marcet^ 
found that loo parts of oxalat of lime dried at 
160* were produced from X17 of felenite, and 
the quantity of lime in the latter, alfo dried a|t 
160% mav M reckoned to be about 41. The 
oxalat or lime however, though, infolubie in 
water, diffolves in many of the acids without 
beiM decompofed, and therefore when any 
conMerable excefs of acid is prefent, lefs oxa- 
lat of lime will be obtained than is really 
formed, and which will lead to error. On thiji 
account it ib neceffary to faturate any excefs of 
acid before the oxalic teA is ufed, and ai 
an additional precaution, the oxalic acid ihbqld 
be faturated with an alkali, which will t|lj|||in 
die leaA diminiflt its power of pi^ipiuni^ 
lime,. . The oxalat of ammouili ig genend^ 
preferred. 

• AMlyfis of Brighioa Water. 
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OxiLAt OF Magnesia. thcfe folutions retain the pota(h belonging to' 

*rhis acid diflblves magnefia, and forms a the acidiilum, And crvftallize vrith it into triple 
white powder which is infolublc in water or falts that defervc furtner examination, 
alcohol unlefs the acid be fuperabundant. lOo OX YD. 

parts of the fait are eftimated by Bergman to This term may be properly applied to any 
contain 35 of magncHa. fubftance chemically combined with oxygen^' 

OxALAT OF Alumine. but it is rcftriAed to thofe that have not ac- 

Oxalic acid digefted on clay, diflblves the quired acid properties by the combination. It* 
alumine, and forms an uncryllallizable mafs of is chiefly ufed to exprefs thofe modifications of 
a fweetifli ailringent talle: 100 parts contain metallic bodies formerly termed calces. 

44 of alumine. OXYGEN GAS. Dephlogifticated air fof 

Metallic OxALATS. Dr. Prieftley.) Vital air. Empyreal air \ot 

A few only of thefe require particular notice. Scheele.) t>er Satterjl^e. Germ. 

Opcalattf Silver. When oxalic acid or an alka- Oxygen is probably the moft abundant of all* 
line oxalat is added to nitrated (ilver in folution, natural bodies, and. its chemical properties are 
a white infoluble oxalat of filver is produced, fo important that a very large lhare of the 
Sulphat of filver is equally precipitated by this (cience of chemifify confilts in a* knowledge of 
acid. Oxalat of filver is fpeedily blackened by the combinations and agency of this body, 
the fun’s rays, and in part decompofed. In There are two immen/e fources whM02- 
this flate if heated to rednefs it difperfes with a oxygen is derived, namely water and air. In 
fudden noife. the former it is condenfed into the liquid form^ 

' Oxalat of Mercury formed by adding this and combined with about a third of its weight 
Acid to any folution of the metal. It is a of hydrogen: in the latter it is united with: 
white infoluble powder, but blackens in the azot, and forms little more than a fifth of the 
fun’s rays. atmofpherc. 

Oiealat of Lead. Lead is corroded by this There are befides other fmaller fources of 
aci(I» End its oxyd is readily diflblved, and oxygen, fuch as many ^arts of the ornnized 
cryftallizcs by evaporation. ^ITie oxalic acid world, vegetable or animal, (independent of 
decompofes the nitrat and acetite of lead, but the water which they contain fo abundantly,) 
not the fulphat, and hence in Scheele’s original mineral acids, and metallic oxyds, &c. but the 
experiments the fulphuric acid was ufed to quantity from thefe latter fources is extremely 
diiengage the oxalic acid from the oxalat of fxhall in comparifon with the former, 
lead formed by adding the fait of forrel to the Oxygen when free from all combinations^ 
acetite of this metal. (that of light and heat excepted) is in the 

Oxalat of Copper. This acid diflblves copper gafleous form, and it was firft obtained by 
both metallic and oxidated. The fait is fcarcely Dr. Prieftley in the year 1774 from the oxyd 
foluble in water. Moft of the other folutions of mercury, and the year following it was dil- 
cf this metal are decompofed by tlie oxalic covered by Scheele, who procured it from the 
acid, and an infoluble oxalat falls down. oxyd of nianganefe. 

Oxalat of Iron^ Iron is readily diflblved by We fliall not purfue the hiftory of the difi 
this acid with copious difengagement of hydro- coveries relating to this important fubftance, 
gen gas. This folution gives by concentration but proceed with its properties as now fully 
greeniih yellow prifmatic cryftals, eafily foluble afeertained, and the modes of procuring it. 
in water. It alfo diflblves many of the falts The pureft poflible oxygen gas it obtained 
and oxyds of. this metal, and hence its original by diftilling perfe the dry oxymuriat of potajb. 
u(c in removing iron-mould fpots in linen. This fait is to be put into » ^all glals retort. 
When added to the red fulphat or muriat of and with the heat of an Argand^’s lamp it 
this metal, a fine red oxalat of iron is precipi- melts, and then is decompofed, giving out an 
rated, foluble in an excefs of the fame acid. abundance of oxygen gas of great purity, which 
Mod of the other metals (gold and platina is to be received over water or mercury in the 
excepted) are foluble in this acid, forming falts ufual way. When the heat is raifed to rednefs, 
geii^lly of little folubility except with ah all the oxygen is expelled, and in this way 
excefs of acid. 100 grains of the faJt will ^ afford about xia 

TThe fuper-oxalat of potafh alfo a£|ts upon ^cubi<^ inches* of oxy^n ol extreme purity, 
iron, copper, and feveral other metals, and This method however is expenfive; butoxyg^ 

^ChcncYia. 
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* 5inire’<‘nWiigh‘ ‘for moft experimtfiits may, begot red nitrous oxyd is ufuaJIy fubilitotaJ. (See 

•■itiuch’' cheaper by other ways. ' the articles Mercury aiul jitmofphcrical ^ir.) 

The 'black oxyd of hiangaftefe contains a Thefc oxyds yield about -y- of their weight ot 
:grcit abunda'nce of oxygen fo Joofely combined oxygen gas. This gas is however at firft a 
as to be expelled by a moderate red heat, and little impregnated with mercurial vapour, which 
this is the method ufually purfued. An earthen is depolited as a white film on the furface of 
or iron retort (the latter of which are made for the water over which the gas fliould ftand for 
this exprefs pufpofe) is to be filled with the a day. 

'*h!aok oxyd of mahganefe in powder, and heated Turbith mineral (the fulpliatcd oxy<i of mer- 
in a brilk fire* The firft produ£f of gas conies cury) yields much oxygen in tliis way, mixed 
'Over when tlie manganefe is faintly red, and with fome fulphureous acid. 

•ronfifts chiefly of carbonic acid, fo that a taper The Rerl oxyd JLcad or Mimutn heated to 
’is immediately extinguifticd. After this if rednefs in an earthen retort gives abundance of 

* fmall famples of the. gas arc examined as ‘it oxygen, but mixed with fomc carbonic acid gas. 
comes over by dipping a bit of kindled wood • All tlie oxyds of iron when heated to f^ull 
'in it, the fire will foon be found to burn with - ^dnefs begin to give out oxygen in confiderablc 
^encreafed flarric and biightnefs, a fign of the purity. 

* jprcfence of oxygen, fcon after which it may Oxygen gas may alfo be obtained very cheap 
* * lie colleAcd for ufe. If the manganefe be and confiderably pure, by the deftrudivc diU- 

' very good, one pound of it (which will lie in tillation of nitre in a moderate red heat. This 
a very fmall retort' will jgive about 1400 cubic procefs which highly illuftrates the decompo- 
' inches of oxygen of great purity, that is, con- fition of nitric acid, has been already noticed 

* taining perhaps no more than a tenth of car- under the article Nitrat of Potnjb. To obtain 
•bonic acid or any other gas. The oxygen oxygen from it, put fome dry nitre in a coated 

* begitfs to come over in quantity when the ‘ glafs or an earthen retort, lute a tube to it to 

* manganefe is red-hot, and a full red heat ihould • convey away the gas to the.prCper veflels,' filled 

be continued as long as any gas comes over, with and inverfed over, water, and apply a heat 
The refidue is a dark grey oxyd. * gradually raifed to rednefs. When red-kbt, 

' Manganefe if molftened with fulphuric acid the acid of the nitre is decompofed, and a very 
' will alfo give oiit much, oxygto on applying no large quantity of oxygen is given out for a 
-greater hear than that of a taper, and hence it ‘ coiifiderable time,' till at laft alt the- acid is 
may be obtained vety expeditioufly with the diftipated in the form of oxygen and azot, and 
'fimpleft ^pafattApofliblc. But a great diffe- cauftic potaih remains in the retort, which lafl: 

' rence is found in. this refpeft in the diflPerent if the operation be puflied to the litmoft, 

■ fpecies of manganefe. • corrodes the retort and renders it unfit for a 

All the oxyds of mercury when heated red ' fecond charge. The oxygen is conflderably 

* hot are decompofed, the metal returns to the pure in this way, but is mixed with- a portion 

■ ftate of running mercury, (which is driven up of azot, particularly towards the laft. It is 
in vapour and foon condenfes) and the oxygen obtained Ampler and cheaper by fubftituting to 
isrhich it contained appears in the gafleous the retort two earthen crucibles, one inverted 

"form, mixed with any acid, if fuch exifted in over the other, and the point .of conta£l; be- 
the oxyd. Hence the caicined mercury or pre- tween the t^o well luted,^.and a tube proceed- 
•' cipi^ate perfe^ which is a fimple combination of * ing from the ujmer crucible to convey away the 
'oxygen and mercury, when heated in a retort gas.^ Nitrat of foda will anfwer as well, at 

* to a low led heat, yields only oxygen gas and will moft of the metallic nitrats, and many 
mercury in vapour, the whole of the oxyd is other fubftartces .moiftened with nitric acid* 
i^tebbrnpofed, the mercurial vapour condenfes Dr. Friellley obtained from 2 ot. of nitre 
ihto extremely pure running mercury, and the "heated in ^ an earthen retort, about Bia oz. 
-oxygen gas mmains. This was tne way in meafures, 'ind the veflbl melted with the alkali 
^ which’ Dr.* Pneftley firft obtained this gas, and before the procefs was finiihed. 

h often. praAifed when a very pure oxygen gas All the nitrats (nitrated ammonia excepted) 
«is wanted, as it may be done in a glafs retort will yield oxygen gas when expofed to a he^t 
^flightty toated, ‘hrid over a^pan of charcoal fo fuflicient to aecompofe the acid, 
as to heat it to lUbderate rednefs. But as the * Moft orthe green parts of vegetables while 
okyd is a very expenfive preparation, the ^Uving, yield 6xygen gas when expofed to the 

^ Aa. Chim. Tom. sj. p. zSr. 
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iun*5 rays. Of thefe the green conferva 
of ponds is a remarkable in&mce, as Dr. 
Ingenhoufz has (hewn by experiment. 

The fpecific gravity ot oxygen gas according 
to Kirwan is o.ooi3<» or 740 times lighter than 
wzUgtf {at 30 inches W. and 60° therm), and it 
is Heavier than common air in the proportion 
of 1 103 to looo. The weight one hundred cubic 
inches of it is equal to 34 grains; but Mr. Davy 
makes it 35.06. The expanfion or contraAion 
which It under^o,es by changes in preflure and 
teltopmture» will be ^ven in the appendix. 

l^is gas is only in a very fmall degree 
abforbed by water. According to Mr. Henry’s 
expcrimentSt 100 cubic inches of well boiled 
water abforb 3.55 of oxygen. This folution 
has no particular feniible qualities. 

The charadlers that peculiarly diftinguiih 
oxygen ga8» are the eminent degree in which it 
fopports combuftion and refpiration; and it is 
proved that neither of thefe can go on without 
oxygeiii and that it is folely owing to its prefence 
that atmofpheric air and the other compound 
gafles are fitted for maintaining thefe grand 
pTfocefles of the material world. The fun£tion 
of refpiration will not be treated of in this 
works it may therefore be merely mentioned in 
this places tW if a fmall animal is immerfed 
in oxygen gaSs it will live much longer than in 
die fame quantity of common airs and if the 
carbonic generatra in the procefs be occa* 
fionally removed by alkaliess the animal will 
remain in the gas uninjured for a much greater 
length of time. In this and in many other 
refped^s the procefles of refpiration and com- 
buftion agree, but ftill there are fome circum- 
llances which render it probable that the diluter 
ftate of oxygens (fuch as it exifts in common 
air) is altogether fitUr for animal refpiration 
than a purer oxygen. 

The burning of the feveral cqmbuftible bodies 
In oxygen gaSs forms a number of moft beauti- 
ful and inftru£Iive experiments^ and has con- 
tributed more than any thing elfe to give 
accurate ideas on the nature of combuftion in 
general. Some of the experiments arc the 
followingt 

Immerfe a lighted taper in the gaSs .and it 
.will burn with a prodigious encreafe of rapiditys 
and a dazzling light. 

Heat the top of a bit of charcoal red-hots 
:(which if merely left in the open air will 
loon be covered with a white albs and be 
extinguilhed) ; introduce it into oxygen gaSs 
and^lhe kjlprJ part will fuddenly glow with 
a bright n^ts and emilEon of briHiadt fparks 


for a certain times after which it will go put. 
Tlie bulk of the remaining gas is not muc^ 
altereds but a large quantity of the oxygem 
will be confumecU and in its (lead much 
carbonic acid gas will be generateds which 
will inftantly render lime-water milky when 
(haken with its and may be removed by lime 
or alkalies. The weight of carbonic acid will 
be found to equal the lofs fuftaitied by the 
charcoal and by the oxygen united. 

Introduce a fmall piece of phofphorus into 
a large jar of oxygen, with an atom of lighted 
tinder in conta£l with it. (The heft apparatus 
for thefe experiments will be mentioned in Ac 
appendix.) The phofphorus will bum with a 
vaft body of bright light, fo brilliant that the 
eyecan nardly fupport it, and with intenfe heat 
and rapid emifiien of white fumes. The heat 
at firft expands the gas, and if the jar is auite-* 
full throws part of it out, but prefently there 
is a rapid aDforption, the water being fucked 
up into the jar, and if the gas were quite pure 
none would be left. The white vapours are 
ph^boric acid^ the produfi of the combuftion^ 
and obvioufly compounded of phofphorus and 
oxygen*, as in the former experiment the car- 
bonic' acid gas was produced by the union of 
charcoal and oxygen. 

Provide a botde with a cork perforated to* 
admit a glafs tube drawn out to a tolerably fine 
point, and bent at right angles in the middle. 
Fill the bottle nearly full with very dilute fuU 
phuric or muriatic acid, aod throw in feveral 
unali bits of zinc. This will produce a copious 
ftream of hydre^en gas, which (when it has run 
to wafte for a Ihort time to ex^l the common 
air of the bottle) kindle at the end of the glafs 
tube, and immediately introduce it into the fide 
opening of a fmall tubulated receiver, full of 
oxygen, through the perforation of a cork cut 
to nt exa£^ly, whilft the neck of the receiver 
is inverted over water. The ftream of hydrogen 
will burn with an enlarged flame, and without 
any fmoke, and all the infide of the receiver 
will be covered with a watery deiy.. The gys 
will gradually difappear and the water riie. 
in this procefs (and others more accurate will 
be mentioned under the article the foie 

E roduA is water, which therefore is produced 
y the union of hydrogen and oxygen at a high 
temperature. ^ 

Make a fpiral coil of iron ,wire, and kindle it* 
and introduce h into oxygc;it gas^ mat), 

.ner of perfoiming th. e3qM|imrat.i»4l4fGnbe4 
under tm surticle Itm, am ^ d^e 4{>pcn(&). 
After a moll btiliiaoit tombolUon th^ irbn will 
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he meked in drops at the bottom of the veiTel^ 
*and converted into an OxyJ of Iron. 

'JThe above s^re only a few of a number of 
beautiful experiments which have been devifed, 
to Ihew the rapidity with which bodies bum in 
oxy^n gaSf and the produAs of fuch com- 
buftion. 

The procefs of combuftion^ which is one of 
the moft ftriking and molt familiar of all the 
natural phenomena^ has long engaged the ut- 
moft attention of philolbphers* It is not our 
intention, in a work like the prefent, which 
chiefly aims at colle£ling and recording fz&s 
and familiar proceflesi to give any hiftory of the 
theories that have been advanced on this curious 
and diificult fubjed. It will be fuf&cient to 
obierve that there have been at leaft three hypo- 
thefes made to account for combuftion, together 
with feveral modifications of each. The firft 
in order of time is die Phlogtfic theory, which 
was brought to a very ingenious fyftem by 
Stahlj who is generally looked upon as its au- 
thor. This able philofopher fuppofes that all 
inflammable bodies (or fuch as hutn with 
emilfion of light and heat) contain a portion of 
an intangible, imponderable principle, called 
phlogifton, to which they owe their inflamma- 
bility widi all its attendant phenomena. Whilft 
a body is burning, it parts with^ its phlogifton, 
which paflfes into combination with the ambient 
air, and it is thus reduced for the moft part into 
an aCh, or (if a metal) into a calx, whicn diflIers 
from Ae original fubftance only in being de- 
prived of phlogifton. Therefore (to take a 
metal, as an example) in order to reduce the 
ealx to the metallic ftate, it is necefiary to' 
unite it with fome inflammable fubftance, fuch 
as charcoal, which reftores its phlogifton, and 
brings it back to the metallic or reguline ftate. 

But this ingenious hypothefis was made before 
the difcovery of oxygen, and before the precife 
agency of air in maintaining combuftion was 
underftood, and therefore the feveral modifica- 
tions made to accommodate it to all the then 
known chemical fa£ls, were all eflentially 
defeAive. 

The difcovery of oxygen by Dr. Prieftley, 
follewed at no great lengm of time, which gave 
rife to the moft admirable and beautiful re- 
fearches of LaVoifier, on the fubjedl of com- 
buftion, in which this excellent philofopher de- 
monflrated that in all cafes of combuftion, the 
inflammable fubftance united with oxygen, and 
produced either an acid, or an oxyd, or water, 
or. a mixture of thefe three, and the weight of 
the jrodu£t above that of the fimple combufti- 


ble was exa£tly equal to the quantity of oxygen 
which bad dilappeared. In this rcfpefl there- 
fore the fyftem io finely brought out by Lavoificr 
was not lo much an improvement of Stahl’s, as 
an ellential addition to it and all other previous 
theorie8,by accounting for the increafe of weight 
of the produii of combuftion over that of the 
combuftible. But comhttftion implies the difen- 
gagement of light and heat, which was ftill to 
be explained, and this was done by Lavoifier, 
to the utter exclufion of phlogifton (the exift- 
ence of which was at all tunes very problemati- 
cal) by fuppofing oxygen gas to be a compound 
of oxygen with heat and light, and therefore 
whilft a body burns (according to Lavoifier) it 
abfprbs oxygen from the air, feparating it from 
the heat and light with which it was united, 
and which then appear in the fenfible form of 
fire. This fyftem therefore allows of no other 
difference between combuftion and flow oxyge- 
nation, than that in the former cafe, the pro- 
cefs going rapidly, the heat and light feparated 
from the oxygen gas appear in the form of 
vifible flame, and in the latter they efcape flowly 
and imperceptibly to the fenfes. 

^ From the way in which Lavoifier exprefles 
himfelf however, it might be fuppofed, that he 
conceived that the only portion of caloric which 
co\ild be fet free during combuftion, was that 
which is eflentlal to the gafeous form, or that 
which makes the foie diflference between a folid 
body and the fame body galfified, analogous to 
the diflTerence in this refpeA between fteam and 
fluid water. Hence it would follow that no oxy- 
gen in folid or liquid combination could main- 
tain combuftion, a pofition which is inftantly 
refuted by the well-known power of the folid 
oxygen of nitre and oxymuriat of potafh to in- 
flame charcoal, or the liquid oxygen of nitric 
acid to kindle eflential oils. 

^ If therefore oxygen is the fource of the Iieat 
difengaged during combuftion (which is ex- 
tremely probable) it muft be allowed in feveral 
inftances to carry the greater part of its heat 
with it into various combinations, fo that the 
oxygen of nitric acid which can fupport com- 
buftion, muft be allowed to be different froin 
that of ^ water (for example) which cannot: 
and nitnc acid therefore muft be called a com- 
pound of azot, and oxygen with its caloric ; and 
water a compound of hydrogen and oxygen 
without its calorie. This diftin£Hon has been 
well pointed out by Brugnatelli, • who terms 
the former ftate thertnoxygen^ and the latter 
limply oxygen. 

It is a prefumptive argument too, that the 


* Jovra. de Phyf^ tsm. 53. 
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■hcnt f'lvon out during conibuftion is chicrffy 
derived from the oxygen, tJiat th.e increafe of 
temperature is genemlly pretty accurately pro- 
portioned to the ipinntity of oxygen confumed, 
as was found by Mcllrs. Lavoifier and La 'Place, 
•an their experiments with the cnlGrnncter. 

Several obje^lions of weight however oppofe 
•the hypotheiis that light is alfo a conllitucnt 
part ot oxygen gas, or of oxygen in any ftate 
lit to fupport conibnflion. One of the itrongeft 
•V'j, that tlie quantity of light given out in this 
-procefs,- is not proportioned to the quantity of 
heat, and the circumltance of the various colour 
which the flame afliimcs, according to the na- 
ture of ilic comburtiblc body, would feeni rather 
•to indicate that it is this latter, and not the 
oxygen gas, which is the principal fource of the 

'1 his opinion has been adopted by fcveral 
•^chcmills of late ^^cars, among whom arc Gren 
and Brugnatelli, and Dr. Thomfon. So that 
according to this fyilem the procefs of com- 
•biillion is in fa ft a double de90i‘npofition, in 
which the combuftible body unites with oxygen 
to form an oxyd, or water, or an acid, according 
to circumftanccs, whilft the light of the com- 
’ buftible combines with the caloric of the oxygen, 
and produces the flame or fire 

It will be eafilv feen that this fyftem in one 
■part bears a refcmblance to the ancient hypo- 
thefis of phlogifton, infomuch that both of them 
fuppofe a fomething to be contributed by the 
combuftible body itlelf towards the compofition 
• of the fire or flame^ and this too appears on the 
•whole more cohfonant with the general pheno- 
mena of combuftion and oxygenation ; but ftill 
there remain a vaft number of diilicultics to be 
-cleared up before it can be fully admitted. 

The latcft, the mod laboured, and certainly 
one of the- moft ingenious theories of com- 
buftion, is that of Dr. Thompfon, who adopts 
■ the above-mentioned modification of the phlo- 
giftic fyftem, and has given a very fatisfaftory 
view or the aftual phenomena as far srs they are 
Jniown, to which we fhall refer the reader.*^ 
OXY MURIATIC ACID.* Acide muriatique 
oxygfnl. Fr. Oxygenifirte Sa/zsHure. Germ. 
Dephlogifticated Marine Acid of Scheele. ^ 

This acid was firft difeovered by Scheele" in 
confequence of digefting the black oxyd of 
manganefe with muriatic acid. It is belt pre- 
pared in the. following way. Charge a long- 
necked tubulated gla& retort not more than 
' 4 >ne-fourth full of 8 parts, by weight, of muri- 
foda, and 3 parts of black oxyd of manga- 

* ^ ^ Syfteni of Chcaiiftry and Phil. Journ> tvo 
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nefc, tlicfe ingredients bcinff in fine powdetv 
and accurately mixed together; then add 5 
parts of Ailphuric acid, -diluted with 4 parts of 
water-: the beak of the retort being now intro- 
duced into a common water bath filled with 
warm water, and a gentle lieat being commu- 
nicated to the ingredients by means of a lamp, 
a rpo% !y efFcrvefcence will take place, the com- 
mon air will be driven out of the retort by a 
light yellow' coloured gas, which is oxyniuriatic 
acid, and may be collcftcd in inverted vials in 
the ufiial manner. The raticnale of the procefs 
is this : fulphuric acid when heated with black 
oxyd of manganefe, drives off part of its oxygen, 
and then forms with the remaining /ub-oxyd 
fulphat of manganefe : muriat of foda is alfo 
decompofed by liilphuric acid, the muriatic acid 
being feparated Iw the fuperior affinity of the 
fulphuric. But if thefe two diftinft decoinpo- 
fitioiis take place at the fame time and in the 
fame veffcl, the oxygen and muriatic acid gaffes 
while iu a nafeent ftate, combine together 
producing a new compound, oxymuriatic gas, 
which being but little foluble in warm water, is 
colleftcd as we have juft deferibed ; any por- 
tion of common muriatic acid that might be 
accidentally mixed with it being compleatly 
feparated by means of the water through whidix 
it paffes. This gas may alfo be procured in a 
more fimple, though not quite fo eligible a 
manner, by digefting ftrong muriatic acid with 
about half its weight of black oxyd of manga- 
nefe. 

Oxymuriatic acid gas is of a light yellowiffi 
green colour : its fpecific gravity has not been 
afeertained. Its odour is more penetrating and 
fuffocating than even that of fulphureous acid, 
occafioning a long - continued and convullive 
cough, even when largely mixed with common 
air ; when pure, or nearly fo, it is inftantanc- 
oufly fatal to animal Hie. A cubic inch of 
water at 43® Fahr. Is capable of abforbing 
1.07 grains troy of this gas, and thereby ac- 
quires a denfity of 1.003 : but though cold 
water takes up this gas without much difficulty, 
it is nearly infoluble in hot water : hence the 
beft method of obtaining the liquid acid is by 
means of a Woulfe’s apparatus, the bottles of 
which are furrounded with ice'; by this ma- 
nagement, when the water is nearly faturated 
with tlie gas, it depofits thin lamellar cr^als 
of oxyniuriatic acid,, which again diflblve and 
mix with the reft of the fluid on a fmall 
increafe of temperature ; and at a higher heat, 
part of the acid efcapes in an elaftic forin« 

V0I. s, • fiertfioUet, Cheni. flatique. II. 
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Bpth in colour and odour the liquid acid Is 
fimilar to, but weaker than the gas, to the tafte 
it^is auftcre and fomewhat aerial, but not four. 
It differs from other acids in mtirely difeharging 
ail vegetable colours except .charcoal black, nor 
are they capable of being ireftored by the fubfe- 
quent application of an alkali. The fame effe&s 
are produced by the gaffeous acid>.but if this in 
a , concentrated (late* is- allowed to remain long 
in contadl with vegetable fibre, it weakens its . 
texture,, and turns it firft to yellow and at 
length brown, by carrying off the hydrogen 
and reducing the carbon nearly to the ilate of 
charcoal. ^Ine colour, is in like manner dif- 
charged from animal fibre, but the deftru£live 
adion of the acid on the fibre taking place at 
the fame time, a yellow colour is evolved, which 
no after procefs can get rid of. Thus if a 
mixed fluff of linen and woollen be dyed with 
indigo, and afterwards fubmitted to the aAipn 
of either the gaffeous or liquid acid, the blue 
colour will be found in the courfe of an hour 
or two to be deftroyed, and the fibres of the 
linen will appear white, and thofe of the wool 
yellow. 

Oxymuriatic acid gas, though fatal to animal 
life, IS in many cafes capable of fupporting 
combuflion : a lighted taper if plunged mddenly 
in it, is often extinguifhed, but if. let down 
gently it continues to burn' with a remarkably 
red, but fomewhat dimitiifhed flame, and a 
very copious fmoke, being at the fame time 
coniumed with uncommon rapidity. Light 
appears to have no elfe£k on this gas, and it 
may be paffed through a red hot earthen or 
glafs tube without any change, except a tem- 
porary increafe in bulk. The liquid acid on 
die contrary, undergoes a decompofition by the 
aftion of light, oxygen gas being evolved, and 
the acid returning, for the moft part at leaft, 
to the Hate of common muriatic : whence the. 
neceflity of keeping it in an opakc bottle, or in 
a dark clofet. 

Oxymuriatic acid gas, when mixed with hy- 
drogen and pafled through a red hot earthen 
tube, is rapidly dccompoled, inflammation and 
dretonatioii being the confcquence, a fimilar 
effe£l takes place if a lighted match is applied 
to the mixed gafles; but at the ufual tempera«»> 
ture the mutual aAion of thefe two gaflos is 
very flow; at length however the oxygen of the 
acid gas combines with the ^lydrogen, and. liquid 
Ipauriatic.acid is the refult: 

: : Hulpbur at the common temperature flowly 
•deconiq^fes oxymuriatic acid gas, and is itfelf 
r . ^ Pickcl, .in Anxi. dc 


partly acidified ; . buc if melted fulphur is intro- 
duced into a jar full of the gas, an immediate 
inflammation takes place, and fulphuric acid is 
formed. The liquid acid has no a£lion on ful- 
phur. 

Sulphuretted hydrogen ami oxymuriatic acid 
gas mutually decompofe cacn other, but with- 
out inflammation; if the latter is lefs in quan- 
tity than the former the hydrogen only of the 
fulphuret is oxygenated, but if the acid is con- 
fiderably in excels, both the hydrogen and ful- 
phur are oxygenated, and the produfls arc 
muriatic and iulphuric acids and water. An 
analogous efle£l takes place if the acid and 
hydro- fulphuret arc employed liquid inflcad of 
gaflTeous. When the acid is poured by fuc- 
celfive fmall portions into the hydro-fulphuret, 
this latter is decompofed, and its fulphur is 
precipitated : but if this is reveifed, and the 
nydro-fulphurct is poured into the acid, no pre- 
cipitation takes place, the fulphur being acidi- 
fied. 

Phofphorus, if cut into fmall pieces and dried 
in blotting paper, deflagrates with a bright flame 
as foon as it is introduced into oxymuriatic acid 

f ^as,. the oxygen being at the fame time trans- 
erred from the ^cid to the phofphorus. This 
combuftible body has no a^ion on the liquid 
acid, except it is ainfled by a ftrong light : in 
this cafe the oxygen, as it quits the oxymuriatic 
acid, unites flowly and filently with the phof- 
phorus, which is thus acidified. 

Pholphuretted hydrogen readily decompofes - 
the gaHeous acid, a flame (not however fo 
bright as when oxygen gas is employed) making 
jts appearance at the inllant of their union. If 
the acid and phofphuret are mixed together in 
a liquid ftate, the decompofition happens with 
prccifely the fan;c modifications as we have juft 
deferibed with regard to liquid hydrofulpjiuret. 
Phofphorizcd eflential oil, by remaining a few 
minutes in this acid gas, becomes, con iklerably 
heated, but does not inflame, . if however in 
this ftate it be removed into, the common air^ 
it takes fire with a kind. of cxplofiozi. 

All the metals decompofe oxymuriatic. acid ’ 
gas, and. many of then^, if fufticicntly attenu- 
ated, undergo a£lual iiiflammationi- Thus if a • 
leaf of gold or copper be let down into a wide- - 
mouthed vial full of this, gas, the metal will . 
burn with a green light, will be oxydated, and 
will then combine with the muriatic acid with 
which it finds itfelf in conta£l. Several oi the 
metals, fuch as antimony, arfenic, bifmuth, and < 
tin, when reduced: to a fine powder and poured 
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Into the gas, become immediately red hot, and thus compoiing a liratery folution of acidulous 
prefent the appearance of a fliower of fire, ammoniacal muriat. 

Some of the metalKc fulphurets, eipccially The precife mode in which the fixed alkalies 
thofe of mercury, antimony, and arfenic, in like a£k on oxymuriatic acid is a fubjedt on which 
manner decompofe this gas, being themfelves chemifts are not yet perfe£kly agreed. ^ T^ofe 
ignited and oxygenated. who have psid the moil attention to this intri* 

The liquid oxymuriatic acid is decompofed . cate fubjedl are Berthollet and Chenevix, from 
by all the metals, and the refulting fait is a whofe experiments we (hall fele£t the following 
muriat, the bafe of which is at a high de^ee particulars, beginning with thofe of the laft 
of oxydation. None of the metals during their mentioned chemiil. 

folution in this acid give out hydrogen, as they The bottles of a Woulfe's apparatus were 
do when a£tecUon by Ample muriatic acid, for charged, the firll with a folution of purepotalh 
the oxvgen which in this latter cafe they obtain in fix parts of water, the fecond with a folution 
from tne dccompofition of part of the water, is of pure potaih in about twenty parts of water, 
procured in the former cafe by the dccompofition and the third with a folution ot common car- 
of the acid. bonat potafli: the third bottle was conneAed 

From the very final 1 difTcrence between the with a pneumatic anparatus, and the firil with 
.fpecific gravities of water and liquid oxymuriatic a retort charged wim muriat of foda, fulphuric 
acid, it is obvious that the proper acid part of acid, and black oxyd of manganefe, in the ufual 
the fluid is in a ftate of but little condenfation, proportions. By a ^ntle heat oxymuriatic 
hence it appears that in this form it is inca-* acid gas was liberated in abundance, and pafled 
pable of diflodging the carbonic acid from car- into me firil bottle, where it wa^ abforbed by 
bonat of lime, .and probably from any other of the alkali; when this was faturated the acid 
the perfeflly neutralized alkaline carbonats, gas began to combine with the potaih of the 
except perhaps carbonat of ammonia. If there- fecond. bottle, any muriatic or fulphuric acid 
fore fome finely pulverized calcareous fpar be that might cafually rife from the retort along 
digeiled in liquid oxymuriatic acid, it will be with it, being detained by the alkali of the firil. 
found to diflbive in this fluid without the dtfm- By this management nothing but pure oxymu- 
gagement of a fingle bubble of carbonic acid : riatic acid was brought into contaA with the 
in proportion as it becomes charged with this potaih in the fecond Irottle, and theprocefs was 
earthy carbonat, its yellow colour difappears, continued till the liquor Ihowed an excefs of 
.and its peculiar odour becomes lefs and lefs acid. A portion of this liquor was diftilled to 
perceptible. On the addition of lime-water drynefs in a glafs retort, care being taken to 
or a iolution of caufltc potaih, the carbonat of prevent the accefs of light: during mis procefs 
lime is precipitated unaltered. nothing came over except water and a little 

The a£lion of ammonia upon oxymuriatic of the dilated air of the veflels, it is manifeft 
acid gas is very remarkable. If a ilrong glafs therefore that the dry fait thus obtained held all 
jar filled with 1 8 or 20 cubic inches of the latter the oxygen that had been contained in the 
fubllance, be placed in a mercurial bath, and oxymuriatic acid, which had combined with 
two or three cubic inches of ammoniacal gas the potaih in the fecond bottle of the Woulfe’s 
are thrown up into the jar, a pretty confiderable apparatus. loo grains of this dry fait were 
detonation accompanied by a white light and tnen diflblved in water, and Jby the addition of 
abforption takes place, and a thick vapour is nitrat of iilver a quantity of muriated filver waS' 
produced ; in a ihort time the vapour condenfes precipitated, indicative of 84 parts of muriated 
into a fluid conliilingofwater, muriatic acid, and potaih: but in this fait the acid is not oxygena- 
a little ammonia, and the gas remaining in the ted, hence it follows that the remaining 16 
jar will be found to be nearly pure azot. Hence parts not decompofable by nitrated filver, were 
It is manifeft what happens during this procefs : foyper^ymuriat if pot^^ the acid of which was 
,the greater part of the ammonia is decompofed combined with all tne oxygen formerly united 
into its elements azot and hydrogen, of which with tliat of the 84 parts of muriated potaih, ^ 
the former aflTumes the elaftic ftate, while the^ and therefore at a much higher degree of 
latter rea£ls on the oxymuriatic acid, deprives oxygenatioo than common oxymuriatic acid, 
it of ks oxygen with which it combines to form Hence it appears that the em& of liquid 
water, which, as foon as produced, unites with potafli on oxymuriatic acid is to decompofe it 
jihe muriatic acid and jundecompofed ammonia, oy transferring the whole of its oxygen to • 
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fmsll part of the acid, and thus reducing Ac 
Temainder to the ftate of common muriatic. 
That this change is entirely compleated almoft 
immediately upon the |ilkali and oxymuriatic 
acid coming in contaA with each other, is 
proved according to Mr. Chenevix by the 
following experiment. He decompofcd by 
nitrat of filver 400 grains of the liquor prepared 
in the fecond Woulfe bottle, and obtained 71 
grains of muriated (ilver. A like quantity of 
the liquor was then gradually evaporated to 
drynefs, and the refidual fait again dilTolved in 
water; from this, nitrat of lilver threw down 
70 grs. of muriat. - Now if in the former cafe 
any of the acid had been in the ftate of oxymu* 
riatic, the amount of hyper-ox y muriatic and 
muriatic acids would have been proportionably 
diminiihed, and alfo of courfe the precipitate 
of muriated filver. Thus as appears from the 
experiments and reafoning of Mr. Chenevix, 
when cauftic potafii is faturated by oxymuriatic 
acid gas, an immediate decompofition of this 
lad takes place, no oxymuriat of potafh is 
formed, but fimple muriat and hyper-ox y muriat 
in the proportion of 84 of the former to 16 of 
the latter. 

But fome doubts as to the legitimacy of the 
conclufions deduced by Mr. C« from his expe- 
riments have been fuggefted by M. Berthollet, 
which we (hall now proceed to ftate. And 
firft as to the proof by nitrated filver: this 
according to the able chemift juft mentioned, 
is not in this cafe to be depended on, fince the 
affinity of the oxyd of filver for muriatic acid 
may itfelf determine the transfer of oxygen 
neceflary to the production of hyper-oxymu riatic 
acid. As a further proof that the decompofition 
of the oxymuriatic acid into common muriatic 
and hyper-oxymu riatic acids is a much more 
gradual procefs than it is fuppofed to be by 
Mr. Chenevix, the following experiment was 
made by M. Berthollet Into a folution of potafli 
a quantity of oxymuriatic acid gas was palled, 
not quite fiifficient to faturate the alkali: the 
xefulting fluid was divided into Xwo equal 
portions, of which one was immediately expofed 
to the aClion of light, and the other was kept 
in the dark for a fortnight, and then fet in the 
funfhine. Now it is the effed of light to 
•decompofe the oxymuriatic acid, but not the 
hyper-oxymuriatic, by liberating its oxygen, 
hence if the decompofition of the former had 
been immediate and total on its experiencing 
the adiqn of the alkali, no oxygen gas ought 
so have been produced, but in fad tnc former 
* -Chim, Stat. §. 317. 


portion of liquor afforded 16 parts, and the 
latter portion 7 parts of this gas, whence it 
follows, firft, that the decompofition of the 
oxymuriatic acid by means of potafh is only 
partial, and fecondly that it is not inftantaneous; 
A further proof of the corrednefs of this 
reprefentation is that the liquor in queftion 
retained the property of difeharging vegetable 
colours, which is charadcriftic of flie oxymu- 
riatic, but not of the hyper-oxymuriatic acid. 
A remark by Mr. Hovle* may be brought in' 
further confirmation ot M. Berthollet’s theory, 
namely, that after feparating tlie hyper-oxy mu- 
riat of potafh from the liquor in the form of 
cryftallinc plates and needles by refrigeration, 
there was obtained by evaporation a muriat of 
potafh, confiderably oxygenated, though not 
capable of detonating with fulphur, and there- 
fore not in the ftate of hyper-oxymuriat. 

Some further experiments of M. Berthollet 
have alfo confirmed a former obfervatioti made 
by him, and afterwards called* in queftion by 
Mr. Chenevix, which is, that if oxymuriatic 
acid gas be pafTed into a fomewhat concentrated 
folution of potafh, the affinity of this laft for 
muriatic acid becomes fo powerful as to decom- 
pofe it at a greater rate than hyper-oxymuriat of 
potafh can be formed, in confequeifte of which 
an aduai difengagement of oxygen gas takes 
place, and as the experiment fuccecds perfedly 
well in the dark, it is obvious that die adion of 
light has nothing to do in this cafe. 

The proportions of the ingredients of oxy- 
muriatic acid were firft ftated by Berthollet at 
89 Muriatic acid 
1 1 Oxygen 

100 

The mode by which he obtained this rcfult, 
though very fimple, was not however quite 
corred. lie faturated with the acid gas 
cubic inches of water and expofed it to the fun 
till it ceafed to give out oxygen gas: the quan- 
tity of this latter thus procured, amounted to 
8 grs. and the refidual liquor by the teft of 
nitrated filver indicated 65 gts. of muriatic 
acid. .Hence : 73 : 8 :: 100 : ii nearly. But 
M. Berthollet himfelf is of opinion that the 
whole of the oxygen was not feparated from 
the liquor by the adton of light, and has 
acquiefeed in the proportions laid down by- 
Mr. Chenevix according to the following method 
of aiialyfis. Having fligluly fuperfaturated a 
folution of potalli by palling oxymuria^c aeij 
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gaa into it^ he evaporated the liquor to drynefs 
and then rediflblved loo parts of the fait in 
water; then by the teft of nitrat of (ilver he 
afcertained the prefence of 84 parts of muriated 
potafli^ (confifting of 27.88 muriatic acid and 
56. 12 potalh) and 16 parts of hyper-oxymuriat 
of potalh ^confining of 9 parts oxygen,. 3.2 
muriatic acid, and 3.8 potalh)*. Hence (27*88 
-J-3*2)=3I.2 muriatic acid-jp9 oxyg^n=:40.2 
oxy muriatic acid: therefore tnis acid is compo- 
fcd of 84 muriatic acid 

16 Oxygen 

100 

Although there feems little reafon to doubt 
the exiftcnce of the clafs of proper oxymuriats, 
yet they have not as yet been the lubje£t of 
chemical inveftigation. 

HYPEROXYMURIATIC ACID. 

This acid exifts in the alkaline, earthy and 
metallic hyper-oxymuriats, but cannot be dif- 
engaged except in a Hate of greater or lefs 
decompofition by any means that have hkherto 
been attempted. On account of the large pro- 
portion of oxygen which it contains, the efTefts 
produced by it on combuilible fubftances are 
much more rapid and violent than thofe occa- 
lioned by oxymuriatic acid. It is compofed 
•according to Mr. Chenevix, whofe experiments 
on this fubjeft will be mentioned in the next 
article, of 

5 Muriatic acid 
5 Oxygen 

100 

The order of its affinities as afcertained by 
Mr. Chenevix is, potalh, foda, barytes, ftron- 
tian, lime, ammonia, magnelia, alumine. 

Hyperoxymuriat op Potash. Common 
oxymuriat of potalh. 

This fait is heft prepared by charging one or 
two Woulfe bottles with a moderately ftrong 
folution of femi caullic potalh (purified pearlalh) 
and then, throwing in oxymuriatic acid gas 
from a mixture of common fait, black oxyd of 
manganefe and fulphuric acid : when the alkali 
is nearly faturated, an elTervefcence for the 
moft part of carbonic acid, makes its appear- 
ance, and thin faline fcales begin to be precipi- 
tated: after the effervefcence has ccafed, the 
contents of the bottles may be poured into a 
•wide ^pKS^uthed ilaflc and fet for a few hours in 
a dar^cold place; a confidcrable quantity of 


cryftalline plates will be thus dep6fited, which 
are hyperoxymuriat of potalh. Thefe being 
taken out of the liquor and drained are to be 
rediflblved in hot water, which by cooling will 
depolit the greater part of the fait, and generally 
a litde earthy matter, which is oxyd of manga- 
nefe; and this is finally to be got rid of by 
re«-folution and cryllallization* 

The fait thus obtained is in the form of thin 
glittering fcales, of a pure lilvery white colour 
not unlike boracic acid, but if the mother 
water of the lafl; cryllallization is expofed to 
fpontaneous evaporation, its fait will oe depo- 
lited in Ihort obtufe rhomboidal prifms. 

It is inodorous. To the talle it is cooling 
and fomewhat pungent and aultere: it has been 
compared in this refpedl to nitre, from which 
however it is very fenfibly different. Its fp. gr. 
is 1 .98. It cracxles and emits Iparks of light 
when rubbed brilkly in a mortar. It is foluble 
in 16 or 17 parts of water at 60% and in two 
and a half parts of boiling water; alcohol is 
alfo capable of taking up a fmall portion. 
Neither the dry fait nor ‘its aqueous folution 
are in the lead affefled by expofure to the 
light. When expofed to the air it becomes 
fomewhat damp in moill weather, and at length 
acquires a llightly yellow tinge. 

When heated oy a lamp this fait decrepitates 
gently, and then melts and lofes about two per 
being chiefly water of cryllallization ; if 
heated to rednefs it is raoidly decompofed, a tor- 
rent of pure oxygen gas being given out, and the 
fait is converted into muriat of potalh: from 
100 parts thus treated, and further decompofed 
by nitrat of lilver, Mr. Chenevix obtained 
20 Muriatic acid 
38.3 Oxygen 
39.2 Potalh 
2.5 Water 

100.0 

The a£lion of fulphuric acid upon hyper- 
oxymuriat of potalh is very remarkable: if fome 
of the concentrated acid be poured upon this 
fait a violent decrepitation, fometimes accompa- 
nied by a flalh, takes place, and a thick heavy 
vapour of a greenilh yellow colour is difengaged. 
The fmell of this vapour refembles that' of a 
mixture of nitrous gas with that emitted from 
burning brick-kilns, hence it is very different 
from the odour of oxymuriatic acid, neither is 
it by any means fo fuffiocating and oppreflive to . 
the lungs. Beneath this vapour is a bright 
orange coloured liquor which has the. fame 
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edouv as the vapour. This Hquor-is a mixture of 
fiUphuric acidt potalh^ and hypcroxymuriatic 
acid, not indeed fo pure as when combined with 
die potafh but mingled more or lefa with niuri* 
atic and oxymuriatic acids. If this mixture of 
hypeir oxymuriat of potafli and fulphuric acid 
be heatce over a lamp or in any other way, by 
the time that it has acquired the temperature 
of 125^ or thereabouts, an exceedingly loud 
explofion accompanied by a white and vivid 
ipafli takes place, breaking the veflel in which 
the mixture is containea* and difperfing its 
fragments with great 'violence in every di- 
redtion. If the fulphuric acid inftead of being 
concentrated is diluted with twice or thrice its 
weight of water, and the beak of the retort 
containing the materials is dipped in a bafon 
pf water with an inverted jar of the fame placed 
over it, there will happen a rapid difengage- 
inent of a yellowifh gas without rifk of explo- 
£on on the application of a lighted lamp. This 
gas when it enters the water of the jar will be 
in p^rt abforbed, forming a weak liquid axy- 
muriatic acid mixed with common muriatic 
acid, and the unabforbed portion will be found 
to be oxygen g.is. Hence it is evident that 
hypcroxymuriatic acid cannot be Separated from 
its combination with potafli by either ilrong 
or weak fulphuric acid, without at the fame 
time undergoing decompofltion. 

Nitric acid produces nearly the fame pheno- 
mena with this fait, but in a lefs marked and 
di(lin6i manner. 

Muriatic acid decompofes this fait, but 
neither the. yellow vapour nor the orange-co- 
loured liquor arc produced : by the application 
of a gentle heat an acid gas is liberated which, 
although not hypcroxymuriatic acid, is conflde- 
rably more oxygenated than oxymuriatic acid ; 
the compofltion of this gas is liowever by no 
means uniform, depending very materially on 
the quantity of muriatic acid employed beyond 
what is abfolutcly necelTary to the faturation of 
the alkali. The oxymuriatic gas made ufe of 
by Mr. Cruickfliank, in his analyfis of the 
hydrocarbonats, was thus procured, and con- 
fided of 56.5 muriatic acid, and 43.5 oxygen. 

Oxalic, tartareous, and cibic acids, are alfo 
capable of decompofing this fait, but the acid 
gas that is liberated is lefs oxygenated than when 
any of the three mineral acids is made ufe of. 
Phdfphoric and arfenic acids exert no a£tion on 
this fait , except by the alEdance of heat, in 
which cafe much .oxygen gas is evolved, and 
cotxfequQutly the acid is lefs oxygenated. 

s Nicholfoo*# Tour 


The acid ' difengaged from hyperoxymuriat 
of potafli by fulpnuric or nitric acids, aiFefts ' 
combudible fubltanccs in the fame manner 
as common oxymuriatic acid gas does, only 
with more violence and rapidity, on account of 
its containing a much larger proportion of 
oxygen. Thus if a grain of pholphorus at the 
end of a piece of wire be let down into this acid 
vapour, it immediately burfts into flame, with 
decrepitation, and a kind of explofion : fo io. 
like manner if a few grains of the hyperoxy- 
muriat of potafli be put into a wine-glafs, and 
twice the weight of ilrong fulphuric acid be 
added, and after that a little alcohol, ether, or 
oil of turpentine be poured in, an immediate 
and rapid inflammation will take places the 
fame effefl happens with many of the readily 
combuftible folids, particularly camphor, rofin, 
tallow, pitch, and Qaoutchouc. 

So powerful is the a£^ion ^of this highly 
oxygenized acid, that it is not dcilroyed even 
by the prefence of water, though it is in fome 
degree impeded and modified. Hence arifes 
a conflderable variety of interefling and very 
beautiful experiments, from which wc fliall 
feled% the two following : s x • Take a long ale- 
glafs, put into it a few grains of hyperoxymuriat, 
and then ^ur in water to the depth of from two^ 
to three inches ; upon the furfacc of this fluid^ 
drop in a little exprefled vegetable oil, and then 
by means of a long flender funnel, with its flem 
refting at the bottom of the ^lafs, pour in four 
or five times as much llrone fulpnuric acid as 
had been previoufly added of fait, and immedi- 
ately after withdraw the funnel : the acid and 
fait will prefently reafl on each otlicr, highly 
oxygenized mfiriatic acid gas will be liberated, 
which, palling through me water, enters the 
oil, and immediately converts it to a black frothy 
fluid, a multitude of ignited fparks being difen- 
gaged at the fame time. 2. Take about ten 
grains of phofphorus and cut it, under water, 
into very fmall pieces, then put 20 grains of 
hyperoxymuriat into a glafs jar nine or ten 
inches long, and pour in water fufficienc to half 
fill it;' drop in the phofphorus, and' then add 
40 or 50 grains of ilrong fulphuric acid, by 
means qf a long funnel, as deferibed above. 
As foon as the hyperoxymuriat begins to bc^ 
decoxnpofed, the phofphorus takes fire, and 
burns vividly at the bottom of the veflel: on 
agitating the mixture, ftreams of fire ]^afs 
rapidly to the furface. This eimeriment requires 
£bme precaution, for the phoiphorus is occafio- 
nally thrown out of the veffel in a. ftate o£ 
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Ignition^ more erpecially when a common wine« 
glafs is ufed inftead of a jar. 

So eafily is this hyperoxymuriat decompofedy 
that when iimply rubbed in a mortar with various 
combuflible bodies, it detonates with them more 
or lefs forcibly : this we believe was firft afeer- 
tahied by^ Mr. Hoyle, ^ and nearly about the 
fame time by Vauquelin and Fourcroy. We 
ihall fele£l fome of the moll (Iriking inilances. 
Half a^grain of phofphorus and an equal quantity 
of the &lt, explode almoH: immediately, with a 
violent report and a bright flafli. Two grains 
of the fait and i of very finely pulverized and 
dry charcoal, produce by a finart ftroke a 
ftrong flame, without much report. Half a 
grain of dry pit-coal and i grain of fait, pro- 
duce fparks and confidcrable reports. One 
grain of the fait .ind three-fourths of a grain of 
fulphur, produce one very loud explofion ; 
wlien the fiilphur is reduced to a quarter of a 
grain, there are produced by a long fmart 
ftroke with the pcltlc, fevcral fmall fuccelfive 
explofipns. One grain of the fait and an equal 
weight of alkaline iulphuret, produce a very 
loud explofion with lliune $ it is remarkable 
however that this mixture, when melted over 
the fire, merely emits a flafh without any report, 
in which it differs materially from the fulmin- 
ating powder made with nitre and fulphuret. 
One grain of white fugar and 2 of the fait, 
produce a number of fucceflive reports, like the 
loud crack of a «whip. A fimilar effedl is 
o.ccafioned by rubbing a few grains of the fait 
with as many drops of fpermaceti oil, olive oil, 
and various efiential oils, particularly oil of 
turpentine, alfo with camphor, rofin, or indigo. 
If fulphuric acid is poured on any of the fore- 
going mixtures previous to detonation, a copious 
flame, but without much noife, is emitted. The 
loudnels of the explofion in the above cafes is 
materially influenced by the degree of fri^lion, 
hence if the ingredients, after being thoroughly 
mixed by flight friftion in the mortar not fuffi- 
cient to produce decompofition (which may be 
cfFefted in all cafes except when phofphorus is 
employed) are then wrapped in a piece of tin- 
foil, and (truck on an anvil with a cold and 
heavy hammer, the violence of the explofion 
will be remarkably ihereafed, and fevcral fub- 
ftances may be thus inflamed, which remain 
unaltered when fimple friiiion is had recourfe 
to \ fuch are cotton wool, certain of the metallic 
fuiphurets, and almoft* all -the metals. 

Hyperoxymuriat of potaih is chiefly ufed in 
die laboratory, where it is employed in the pre- 

^ Maacheftcr Phil. TraiHt V. p. 933*. • 


paration of the pureft oxygen gas. A few 
grains of it ftirred into an ounce of common 
muriatic acid, form a ufeful extemporaneous 
bleaching liquor, for various purpofes. It has 
been attempted in France to compofc a gun- 
powder of this fait, inftcad of nitre, but with- 
out fuccefs ; the mixture exploded while it was 
grinding, and killed two perfons who were 
(landing near. 

Hyperoxymuriat of Soda.* 

This fait is prepared in the fame manner as 
the former, by fubftituting foda for potaih, and 
with the fame phenomena. It is very difficult' 
to obtain it pure on account of its folubility in 
water being little different from that of muriat 
of foda. ft is foluble in three parts of cold, 
'and fomewhat lefs of boiling water, and is 
(lightly deliqucfcent. It is alfo foluble in alco- 
hol, and appears to render muriat of foda alfo 
foluble in the fame menftruum. By repeated 
folutions and cryftallizations in alcohol it may 
however be obtained (though with great diffi- 
culty) in a (late of purity. It jcryftallizes in 
cubes, and produces a fenfation of cold in the 
mouth. It is decompofable with decompofition 
of the acid by the lame fubftances and in the 
fame manner as the former fpecies. Its bafe 
is abftradled only by potnfli. It is compofed 
of 66.2 Hyperoxymuriatic acid 

29.6 Soda 
4.2 'Water 

100.0 

It is made no ufe of. 

Hyperoxymuriat of Barytes. • 

The earthy hyperoxymuriats are not fo eafily 
prepared as the alkaline ores, on account of the 
inferior affinity fubfifting between their ingredi- 
ents, and the inferior folubility of the bafes. To 
prepare the prefent fait the Woulfe bottles 
fhould be charged with pure barytes, diffufed' 
in warm water, and a current of oxymuriatic 
acid gas (hould be palTed through the liquor till 
cornpleat faturation. This fait is foluble in four 
parts of cold and a quantity of warm water. It 
cryftallizes like the muriat of barytes and can 
only be obtained pure by boiling the entire liquor 
with phofphat of (ilver diflblved in diftilled: 
vinegar i the muriat of barytes and phofphat of 
filver mutually decompofe each other, and form 
two infoluble falls, while^the hyperoxymuriat' 
is not aflIeAed. Iliis fait has the fame proper- 
ties as the preceding^ and is compofed of . 

CkcBcviXsinPhikTraait * CbcncvuL 



OXY 


O X Y ( 205 ) 


. 47* Hyperoxymuriatic acid 

42. a Barytes 
10.8 Water 

ioo.a 

It U not \ribd. 

liTPERdXTMVRIAT OF StRONTIAN. • 

This fait is prepared in the fame manner as 
the foregoing^ and is feparated^ like that|, from 
the fimplc muriat by phofphat of (ilver. It 
cryftallizes in needles^ is deliquefeent, and 
is more foluble,in alcohol than the muriat of 
ftrontian. It melts in the mouth immediately^ 
and produces cold. It is compofed of 
46. Hyperoxymuriatic acid 
26. Strontian 
28. Water 

100 

It is not ufeef*. 

Hyperoxymuriat op Lime. 

This fait is obtained pure in the manner 
already deferibed. It is extremely deliquefcent, 
and melts at a very gentle heat in its water of 
eryilallization. It is very foluble in alcohol^ 
has a (harp bitter talle^ and produces much cold 
in tlie mouth. It confifts of 

55.2 Hyperoxymuriatic acid 

28.3 Lime 
16.5 Water 

too.o 


Although the pure fait is not made ufe of^ 
yet the entire liquor formed by faturacing a very 
thick milk of lime with oxymuriatic acid gas^ 
is extenfively employed as a bleaching material 
by the callico printers. It is faid to bleach 
efFeflually the unprinted ground^ without 
touching the coloured pattern, and this no 
doubt is apparently the cafe, but the remarkable 
fugitivenefs of the colours of modem printed 
callicoes is in all probability to be mainly attri- 
buted to the fubftitution of this more fpeedy 
method of colouring, to the old and more 
tedious, but fafer mode. 

Hyperoxymuriat of Magnesia. 

The manner of preparation, and the chemicat 
and phyfical properties of this fait, are nearly 
the fame with thofe of the preceding. It is 
compofed of 60 Hyperoxymuriatic acid 
25.7 Magnefia 

14.3 Water 

roo.o* 

Hyperoxymuriat of Alumine. 

Pure and recently precipitated alumine, wheti' 
treated in a Woulfe’s apparatus, in the manner 
already mentioned, is diifblved; and upon pour- 
ing ftilphuric acid into the liquor, a ftrong 
odour of hyperoxymuriatic acid is perceptible.. 
This fait however cannot be obtained in 
feparate ftatc. 

It is made no ufc of.^ 


P 


PAIiLADIUM. See Plat^na. 

PARTING 

Is a term ufed by afliiycrs, to exprefs the 
feparation of gold from filvcr. For an account 
of this procefs, fee Assay, and Gold, Purtfi^ 
cation of, 

PASTEL. Sec Woad. 

PEARL. See Shell. 

PEARL ASH. See Cardonat of Potash. 

PEARLSPAR. See Braunspath. 

PEAT. 

Peat, or turf as it is called by fome, is a 
congeries of vegetable matter, in which the 
remains of organization are more or lefs vihble, 
confiding of trunks of' trees, chiefly oak, fir, 
birch, alderi hazle, and willow $ of leaves and 
fruits, particularly hazle nuts; and of long 
ftringy fibres, which appear to be for the mod 
part tne remains of the fphagnum palullre> and^ 


other aquatic mofles. It occurs for the moff* 
part in extenfive beds called peat mofies, either 
occupying the furfacc of the foil, or covered to 
the depth of a. few feet with fand, gravel, and 
other alluvial matters. It is met with abun- 
dantly in the Northern and in fome of the 
central dillri£ts of Europe, in all moid unculti- 
vated mountainous t rafts, as high as vegetation 
extends ; it is alfo frequent in low vallies and 
fenny plains ; and in feveral parts of the Wef- 
tern Ihore of Great-Britain runs into the fea5. 
to an unknown extent, as in the harbour of 
Oban in Argylefiiire; in Lancafiiire, a little to 
the North of Liverpool; and near Towyn in 
Merioneth (hire. The depth of peat modes is 
very various, from a few feet to twelve or 
fifteen yards, or even more. The confidence* 
of peat IS equally various, being fometimes in 
a lemifluid date, forming a black impaflable 
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wildernefsj fludded here and there by tufts of 
r\iflies : when more foUd, it is fcantily covered' 
over with heath and coarfe graflcs, and is then 
paiTable by (heep and other larger animals* 
efpccially during the dry feafon of the year. 
In all deep peat modes, it is found that the 
upper part of the peat is loofer, of a lighter 
colour, and lefs inflammable than that which 
forms the lower part of the bed. WJien of a 
good quality it is moderately compa£l;, ;md 
may readily be cut into folid mafles, like bricks, 
witn a (harp thin fpade: if it manifefts any 
conflderable degree of elafticity and refiflance 
to the fpade, its quality is always found to be 
very inferior. By expofure to the air it dries 
flowly, being very retentive of moifture, ac- 
quires a brownifli-black colour, becomes mode- 
rately hard, and in this ftate is very inflam- 
mable. By the further a£lion of the weather 
it by degrees falls to pieces and is decompofed, 
though very flowly. When kindled in an open 
rate the beft kind burns with a yellowifli-blue 
ame almoft like charcoal, and a lefs quantity 
of fmoke than wood affords $ it gives out a 
great- quantity of heat, and is reduced to light 
afhes of a white or reddifh yellow colour. Some 
varieties of peat are conflderably changed with 
iron pyrites, on which account they efHorefee 
and vitriolize when expofed to the air, and in 
burning give out a flrong fulphureous odour, 
much Imoke, and little heat, and aflbrd a heavy 
reddifli-brown aih. Sulphats of foda and mag- 
nefla are alfo occaflonaily found in peat, and 
produce a fimilar bad effed on it, conlidered as 
a combuflible, as pyrites does. 

By digeflion in boiling water, peat affords a 
deep brown folution, flightly bitter to the tafte, 
and containing an uncombined vegetable acid 
confiderably refembling the fuberic, with a 
portion of extraft, and a little fulphat. 

By dry diflillation there comes over a watery 
ammoniacal liquor, an empyreumatic oil, and 
cafburetted hydrogen, a conflderable quantity 
.of charcoal remaining in the retort. 

Many ingenious attempts have been made, 
efpecially in France and Germany, to fubflitute 
with economy the charcoal of peat for that of 
wood, for culinary and metallurgical purpofes, 
and it feems to be fatisfa£lorily proved that a 
given bulk of the former burns fomewhat longer, 
and affords a more conflderable heat, than of 
the latter; but that it is incapable of with- 
ftanding the a£tipn of a forge bellows, and is 
apt to deteriorate the quality of iron that is 
(melted with it. Another oojedlion however 
occurs to the employment of peat charcoal on 


the fcore of its being lefs economical, except in 
very particular circumftances, than wood char- 
coal. It cannot be prepared in the manner of 
common charcoal, on account of its loofe tex- 
ture, without a prodigious lofs of fubftance and 
deterioration of quality ; the man^a£lurer muft 
therefore have recourfe tq dillilratipn in iron 
cylinders or other veflels, but to effe£fc this, 
fo large a quantity of peat mull be confumed 
as fuel, that the value of the charcoal, the oil, 
and ammonia, will hardly cover the expence. 
Hence it is that all the eflablifhments in France 
for this purpofe, though of conflderable magni- 
tude, and carried on with vigour and intelligence, 
have been entirely abandoned. 

In this country peat is the common fuel of a 
large part of Wales and Scotland, and of many 
diflrids in England, where coal is not readily 
to be procured. It is employed not merely 
for domeftic purpofes, but for burning lime 
and bricks; and its aftes, though deflitute of 
alkali, are in high eflimatxon as a manure, being 
applied for the mod part in the form of a top- 
drefling. 

PECHBLENDE. See Uranium. 

PECHSTEIN. See Pitchstone. 

PELICAN, an article of chemical apparatus. 
See Appendix. 

PERIDOT. See Chrysolite. 

PERIDOT granuliforme (of Hauy). See 
Olivin. 

PERLSTEIN. Wern. Pearlftone. Jamefon. 

Its colours are pearl and fmoke-grey, yellow- 
ifh-grey, flefh-red, and reddifh-browu, alfo 
greyifli-black. It occurs in round and longifli 
vefldes. Its luftre is (hining and pearly. Its 
fra£lure is fmall, and imperfeflly conchoidal. 
It is compofed of thin concentric lamellar con- 
cretions. It is tranflucent on the edges, eaflly 
frangible and foft. It is compofed according 
to Klaproth, of 

75.25 Silex 

12. Alumine ^ 

1 16 Oxyd of iron 

4.5 Potalh 

2.5 Lime 

2.5 Water 

98-35 

It occurs in porphyry, and often contains 
balls of obfidian. It is found near Tokay ia 
Hui^ary. 

PKrROLEUM. See Bitumen. 

PETROSILEX. See Hoenstone. 

PEWTER. An alloy of Tin, which fee. 
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FHARM4COLITE. * Chaus arfeniatee. 
Hauy. 

The colour of this mineral is fnow* white $ it 
occurs in fmall cryftals occafionally prifmatic» 
but more commonly acicular; fometimes the 
cryftals are an^regated into bundle89 and fome- 
times intO' mVuilated mafles. Internally it is 
gliftening» with a filky luftre. Its fra£lure is 
radiated or divergingly fibrous \ it alfo prefents 
large and fmall granular di(lin£l concretions* 
The cryilallized varieties are tranllucent. It is 
very tender, and eafily frangible. 

It is foluble in nitric acid without eflervef- 
cence. By the adion of the blow-pipe it difen- 
gages an arfenical odour, and leaves an invola- 
tilizable refidue. By the experiments of M. 
Selb, it was firft afcertained to be a compound 
of lime and arfenic acid, with a little cobalt ; 
a refult which has been fully confirmed by a 
compleat analyfis of it by Klaproth.^ 

One hundred grains or this mineral, according 
to the celebrated chemift lafl mentioned, lofe 
by being moderately heated, and without the 
difengagement of any arfenical or other odour, 
or vifible vapour, aa.5 grains, which are water 
of cryftallization. The refidue by digeilion in 
nitric acid is diflblved, except 6 grains, which 
are a mixture of files and alumine. The nitrous 
folution affords with acetite of lead, a copious 
precipitate of arfeniat of lead, which, when 
wafhed and dried, weighed 138 grains, and 
indicated 46.5 of arfenic acid. The remaining 
fluid, with the walhings, was moderately evapo- 
rated, and treated with a little muriatic acid, 
to feparate the fmall portion of acetited lead 
which it contained, and was then mixed with 
fulphuric acid : this produced a large depofit 
of fulphat of lime, which after being wafhed 
with dilute fpirit of wine, and heated to rednefs, 
weighed 54 grains, and therefore contained 23 
grains of lime. The refidual liquor being neu- 
tralized by carbonated foda, and evaporated to 
drynefs, was rediflblved in water, and left 
behind 0.5 grs. of a blue powder, which tinged 
borax of a deep blue colour, and was oxyd of 
cobalt. Hence 100 parts of pharmacolite con- 
tain 46. s Arfenic acid 

23. Lime 
0.5 Oxyd of cobalt 

6. Silex with alumine 

22.5 Water 

~s 

Of thefe the firfl; three ingredients appear to 
be the only ones neceflary. to the conflitution 
bf this mineral. 

• Brochant 11 . p. 545. ^ Klap. AnaljC. 


It has been found near Wittchen, in Swabia, 
In a vein of granite, accompanied by heavy fpar 
and gyj^fum. It has alfo been met with at 
St. Marieaux-mines in France. 

PHLEGM. This term has long been ufed 
to fignify the mere watery part which rifes 
in many compound diftillations. Thus the firll 
produd from oil of vitriol when heated, is an 
acidulous Phlegm, 

PHLOGISTON. All that we think it necef- 
fary to fay on this merely theoretical fubjed> 
will be found under the article Oxygen. 
PHLOGISTICATED AIR. See Azot. 
PHLOGISTICATEO ALKALI. See Pros- 

SIAT of Potajh. 

PHOSPHORUS. (KunciePs) 

Phofphorus is a Ample fubftance, much re^ 
fembling wax in confillence, when pure nearly 
of the tranfparency of gum copal, of a colour 
varying from amber red to the faintefl: ftraw, 
highly combuftible, and when oxygenated prq- 
ducing a flrong and peculiar acid. 

It was difeovered by a German chemift of 
the name of Brandt about 150 years ago, and 
the preparation was long kept a lucrative fecret 
in the hands of a few perions, but as it was 
generally known to be prepared from human 
urine, and as the method then employed, 
though tedious and difgulting, was extremely 
Ample, it was detedled by feveral chemifts, 
and the real nature of phofphorus has been 
gradually explained by a vail number of in- 
genious and elaborate refcarches. 

The earliell mode of preparing phofphorus* 
was the following: a large quantity (amounting 
to feveral gallons! of human urine was colleficd, 
and after remaining for a time to become putrid 
it was evaporated to drynefs in any fuitable 
veflel. The refidue confills of the animal ex- 
traffive matter and of many falts, (for which 
fee the articte Uf'ineJ among which are two 
with phofphoric acid, the phofphats of foda and 
of ammonia. This refidue was then mixed 
with charcoal in powder, and heated gradually 
to low rednefs in an iron pot, by which the 
animal, matter was deflroyed, till the mafs 
began to fend forth blue luminous vapours. 

It was then removed into a coated earthen^ 
retort with a receiver, and heat applied gra- 
dually till it reached the utmoil intenfity, during 
which the phofphorus dillillcd over and partly 
concreted in the neck of the retort, and partly 
fell in drops into the receiver. This, which 
was at Aril black and foul was purified by 
melting, and was formed into (licks, which 
were long fold at a very high price as a great 

Elf. II. p. 110. • Macquer, Chem. Diit. 
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pKilofophical curiolity, for making luminous ducedf and mixed with the undecompofed 
writing and other entertainment. charcoal^ but as fome chemifts aflert, it is in 

In this procefs the quantity of phofphorus the ftate of phofphuret of lead. The average 
yielded was exceffively finall compared to that quantity of phofphorus yielded is found to be 
of the urine employed^ for of all the con- about 14 to 18 parts from 100 of the phofphat 
ftituents of urine it is only the phofphat of of lead well waflied and' dried, ^ut this is not 
ammonia that is concerned in the produflion of neceflary, as the other « urinous matters that 
phofphorus, the heat driving off the ammonia, adhere to it are readily difperfed in the diftilla- 
the phofphoric acid is left without a bafe, and tion. It does not appear to require fo intenfe 
it is then decompofed by the charcoal which a heat to obtain phofphorus in this way as in 
abilra£ls its oxygon, and leaves the phofphorus that which will be next deferibed. The falts 
uncombined and volatilizable by the heat. The of zinc added to urine produce alfo a precipitate 
phofphat of foda of the urine is not altered. which is the phofphat of zinc, and lome phof- 
After a while Margraaf, an excellent cherniil phorus may be procured from it by dillillation, 
of Berlin^ found that the product of phofphorus but much Icfs than from the phofphat of lead : 
was much augmented by adding to the extraft as the zinc rifes in didillation along with the 
of urine fome of tlic plumbum corneum^ or fub- phofphorus, and phofphuret of zinc concretes 
tnuriat of lead, left after diftilling fal ammoniac in the neck of the retort. 

and litharge, the reafon of which is found to Whilft phofphorus was prepared in the old 
be that this fait dccompofes (in part at lead) way by evaporating urine, it was a very difguil- 
the phofphat of foda of the urine, which ing, tedious, and fomewhat difficult procefs, 
hitherto had been ufelefs, forming a phofphat but it w^as foon difeovered (by Gahn, as is 
of lead, which is equally decompofable by commonly faid, but as appears from fome 
charcoal with the phofphat of ammonia. authority, more probably by Scheele) that the 

This method has been dill further improved phofphoric acid was contained in abundance in 
of late years by Giobert of Turin, whofe procefs the white earth left after the calcination of 
for preparing phofphorus from urine we may Bones, united with lime, and when feparated 
mention here, though it is not the one generally by chemical means phofphorus could be pre- 
employed. It is the following: into a quantity pared from it with much more eafe and 
of urine pour a moderately dilute folution of certainty. This method is now almod uni- 
acetitc or nitrat of lead, which will immediately verfally preferred, as it requires but little ap- 
produce a copious greyifli white precipitate of paratus, and is in no way offenfive nor difficult, 
phofphat of lead, and add the metallic folution The earth of bones confiils of phofphat of lime, 
'as long as it produces any confiderable milki- (mixed with a little carbonat) and as the ful- 
nefs. Run the whole through a linen filter, phuric acid has a flronger affinity for lime than 
and immediately mix the phofphat of lead that the phofphoric, it is this which is employed for 
remains with a fourth of its weight of finely procuring the phofphoric. This procefs of 
powdered charcoal, (the exzQ: proportions of making phofphorus confifis of two diftin^t 
each being of no great confequence) and dry operations, viz. the reparation of the phofphoric 
the black pafty mafs in an iron pot heated acid from the bone*alh, and the diitiLlation of 
barely red. Then transfer it to an earthen the acid and charcoal to obtain the phofphorus : 
retort, and raife the heat to moderate rednefs. it is performed in the following manner, with 
Much fetid ammoniacal oily vapour pafles over fome flight variations. Take any quantity 
at firll, and till this difappears the heat is not (fuppofe 4 Ibs.^ of powdered bone-alli, or cal- 
to be raifed higher than to a low red. Then cined earth of bones, fuch as cupels arc made 
change the empty receiver for one half full of of, put it. into an earthen pan capable of 
water, or dip the elongated beak of the receiver holding 4 gallons, mix it at firft with about 4 
about an inch under water, and encreafe the quarts of water, and then add gradually with 
heat to a full glowing red, and in about half an inceflant fVirring, 2 lbs. of ftrong fulpluiric 
hour the phofphorus diftills. The particular acid. A very great heat is excited by the 
management of the procefs and fubfequent mixture, and fome effervefcence, (which la-fl 
refining of the phofphorus arc riie fame as are arifes from the carbonat of lime,} and it fliould 
employed in the more common procefs, and be prevented from clotting by rapid ftirring. 
will be prcfently deferibed. When all is Then add about a gallon of water and allow it 
£uilhedl, the retort will contain the lead re- to remain for a day with occafional llirring. 

* An. Chlm. Tom xU. 
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The mixture thickens extremely by ftandingt fo 
that if this quantity of water is not fuflicient, 
more muit be added to bring it down to the 
confidence of thick foup. Then pour the 
whole mixture on a linen bag, by which the 
clear liquor will run through, and leave the 
white pulpy mafs on the hlter, which mud be 
drongly preded and then wafhed with a pint or 
two of boiling water to extraCi all the acid. 
Unite all the liquors together, and after they 
have dood a little to become quite clear they 
are lit for evaporation. This liquor now con- 
tains almod all the pholphoric acid of the 
bone-alh, chemically, united with a portion of 
undecompofed phofphat of lime, and alfo holding 
fome fulphat of lime in folution. The white 
mafs in the filter is fulphat of lime, which may 
be thrown away. The liquor may be cither 
boiled down immediately, or as Dr. Higgins 
recommends, fird iiituratcd with ammonia and 
then evaporated « The former is the commoned 
method, and where the object is only to procure 
phofphorus and not pure phofphoric acid, it is 
probably preferable. The boiling down of this 
Targe quantity of acid liquor is tedious. It may 
be done either in large Wedgewood-ware eva- 
porating pans over charcoal, or in a copper 
pan, as this acid does not readily on 
copper. Keep up a brilk heat and continue 
the boiling almod to drynefs, during which the 
clear liquor as it becomes concentrated will be 
muddy from the reparation of felenite, and a 
greafy looking pady acid mafs will depofit on 
the lides of the veflel. When the liquor is 
boiled down nearly to drynefs, carefully add to 
it the ferapings from the fides of the veflel and 
let it dand fome hours that all the felenite may 
be precipitated. Then rediflblve the whole in 
as little cold water as will take up all the acid, 
filter it off from the felenite, and evaporate it 
till it becomes a pady pufly mafs, which is now 
intenfely four and confids of pholphoric acid 
holding fome phofphat of lime. "Inen mix it 
tjioroughly with a fourth of its weight of pow- 
dered charcoal, and dry the whole m any veflel 
with a heat jud below rednefs. It is then lit for 
the fubfequent procefs of didillation. 

Dr. Higgins recommends the following raa- 
nagemenrt of the liquor feparated from the fcle- 
nitic mafs by (iltration : ® faturatc it with carbo- 
nat of ammonia, and boil, which will caufe the 
reparation of all the remaining earth; then 
evaporate the clear liquor in a leaden boiler 
till it is reduced fo far that crydals of phof- 
phat of ainmoma will depofit by cooling. 


Pour this folution while hot, into a thin glalg 
balloon, cover the mouth loofely with an 
inverted poV'^and heat the balloon llowly till 
the bottom is obfcurely red. A copious fub- 
limate arifos, confiding of fulphat of ammonia, 
with mod of the ammonia by which the phof- 
phoric acid w:as neutralized, and the latter acid 
(not being voIatlJizablc by any heat) remains in 
the form of a colourlefs tranfparent glafs, 
eafily feparable from the veflel by the blow of 
a hammer. It is phofphoric acid in great 
purity, containing probably nothing but a little 
remaining ammonia. I'his is then powdered 
in a mortar and thoroughly mixed with about 
half its weight of charcoal, and is. then fit 
for didillation. 

The procefs of didilUng phofphoric acid and 
charcoal to obtain phofphorus is in itfelf very 
fimplc, but fome precautions are required in. 
the management. Phofphoric acid by itfelf 
vitrifies in a red heat and is not further cnanged 
by any intenfity of fire, but when in xontaA 
with any carbonaceous matter it is decompofed, 
yielding its oxygen to the charcoal, whiid the 
phofphorus flies off in the form of vapour, 
which is condenfed when it arrives at a cooler 
place and concretes into a brown-red waxy 
matter. A very drong red or red-white heat 
is required for this purpofe, (probably about 
the degree fuflicient to melt copper) fo that 
the retort mud be of earthen-ware and fitted to 
a powerful reverberatory furnace, or furrounded 
with burning charcoal in confiderable mafs and 
heaped up for fome height above its neck. 
As at this temperature the common crucible 
ware becomes very porous, much of the vapour 
of the phofphorus would ooze through (even 
without any accidental flaws or cracks) fo that 
the retort fliould previoufly be coated with 
a vitrefeent lute, of which there is none better 
than flacked lime brought to a moderately thin 
confidence by a faturated folution of borax in 
water, and bruflied over the outfidc of the 
retort and flowly dried. This when heated 
forms a thin glazing which dops up mod of 
the pores of the veflel. In the didillation the 
contadl of the external air mud be carefully 
excluded, otherwife the phofphorus as foon as 
formed \Votlld take fire and confume fpecdily . 
This is prevented fimply by elongating the neck 
of the retort with another earthen or metal 
tube cemented to it by gfue lutt^ (fee the article 
Cement ) and dipping the end of the fecond tube 
about an inch in a pan of water. Thus all the 
gafleous products pafs through the water, and 
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the phofphorus partly concretes within the tube 
and partly falls to the bottom of the watef • 

Tne proportion of one part of charcoal to two 
(by weight; of the concrete acid, is much more 
than is neceiTary to decompofe the acid, but 
it is ufeful to have an excefs of charcoal to 
proteft the retort from being corroded by the 
acid, which operates as a powerful ilux for all 
earthy mixtures. 

The retort being filled with the mixture of 
charcoal and acid, (which may be done nearly 
tp the neck in cafe the acid be thoroughly dried 
previoufly in a low red heat) put it into the 
fprnace and raife the heat very gradually to a 
moderate rednefs. At firft with the air of the 
vcflels a quantity of mixed galles, chiefly car- 
bonic acid and hydrocarbonate, pafs over, and 
when thefe have nearly ceafed, increafe the 
heat to a full glowing white-red and keep it up 
to this degree during the remainder of the 
dillillation. The fivft indication of the pro- 
duf^ion of phofphorus is that the g&s as it 
palles out of the water becomes white and 
luminous in the dufk, which is followed by a 
gas ftill more inflammable, each bubble of 
which takes fire in the air and burns with a 
brilliant flamo and flight fnapping noife as foon 
as it rifes above the furtace of the water 
Beneath which the end of the tube is dipped. 
After this the phofphorus rifes in fubftance, 
and if the quantity of materials in the retort be 
large, fome of it falls down in drops into the 
an of water, where it immediately congeals, 
ut by far the greater part concretes in that 
part of the neck of the retort which reaches out 
of the furnace, and in tlie tube by which it is 
elongated. Sometimes the paflage is entirely 
blocked up by the congealed phofphorus whicli 
might endanger the burfling of the retort, to 
afeertain which a flexible wire may be thruft up 
now and then |but without raifing the end of 
the tube out ox the water) and if the paflTage is 
not free, lay a red hot iron bar on the outfid# 
of the tube where the paflTage of the wire is 
obftrudled, which will melt down the phof- 
phorus. 

It is not eafy to afeertain when all the 
phofphoric acid is decompofed, and all the 
phofphorus has pafled over, for the efflux of 
gas nearly ceafes before the diftillation is corn- 
pleated, fo that experience mud guide the 
operator when to flop. If the retort continues 
found, no lofs of phofphorus is incurred by 
Continuing the fire longer than neceiTary, fo 
that it is better to exceed than to fall fhort of 
the requifite time. But as ^artlien veflTels will 


fooner or later vitrify and fink down in a very 
ftrong heat, the fire fhould be kept below the 
degree at which earthen fire-veflels foften,^ and 
the retort fliould be now and then examined. 
Sometimes the relort unfortunately cracks in 
the middle of the diftillation, which may be 
difeovered by a bright green flame and a denfe 
white fmokc around the part that has given 
way. This may fometimes be clofed by im- 
mediately prefling on the part fome linfeed oil 
fire lute, as deferibed in the article Cement J 
but if this fails the retort mud be taken out, 
and as much of the materials as poflible faved 
for a future operation. 

Wben the didillation is judged to be finifhed, 
remove the tube from the water and indantly 
cork it tightly to prevent the accefs of air, 
which would inflame the phofphorus, and let 
the retort cool. When quite cold break it with 
a hammer jud where the neck joins with the 
body of the veflTel, holding it in the fame 
pofition as it dood in the furnace, to prevent 
the charcoal within the retort from mixing with 
the phofphorus fublimed in the neck and tube, 
and throw the latter into cold water. The 
phofphorus may then be got out by removing 
the tube, into boiling^ water, which melts out 
the phofphorus, but in this as in all operations 
on this inflammable material whenever a fufli- 
cient heat to melt it is applied, (which is about 
ioo°) every thing lliould be done under water, 
as it kindles a little above its melting tempera- 
ture, and burns vehemently the moment it 
becomes expofed to the air. 

The phofphorus produced in this procefs is 
very brown and foul, and is mixed with a good 
deal of a brown red powder which diflufes 
itfelf in water like clay, and confids chiefly 
of phofphorus fo far oxygenated as to be no 
longer combudible. 

The quantity of produdl varies extremely, 
but is the mod when the materials are dry and 
the didillation flow. Pelletier obtained 6o oz. 
of phofphorus by a Angle procefs from tfiic 
acid of 3^ lbs. oz.) of bone-alh decom- 

pofed by 30 lbs. of fulphuric acid. 

The brown red phosphorus may be purified 
by fe^ral methods. The fimpled is the 
following: take a piece of thin white leather, 
put the impure phofphorus in the middle and 
tic up the ends very fight fo as to enclofe it in 
a leather bag; then plunge it into boiling water 
and fqueeze the bag with the fingers, by which 
the melted phofphorus will ooze through in 
drops, that coalefce at the bottom of the water 
into a clear pure waxy phofphorus almod tranf- 
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parent and colourlefs. All thig fliould be done of phofphorus abraded, when expofed to the 
under water. What remains in^the bag is a air.. This however is a real though flow, com- 
mixture of black carbonaceous matter^ with a buftion, and in time the whole of the phofphorua 
good deal of the red incombuftible oxyd of is partly wafted away in luminous vapour, and 
phofphorus already mentioned. Care mud be partly converted into acid on the (pot, and the 
taken in doing this not to get any of the phof- light ceafes. When a piece of phofphorus ig 
phorus beneath the finger nail, which might put into a Giver fpoon and held near a Gre or 
pccaGon a dangerous and painful burn. The candle, the white vapour becomes extremely 
leather will iiot ferve. a fecond time. denfe and copious, the phofphorus melts at 

Another way is by diftillation. Phofphorus is about 99", and at 148* it takes Gre and bums with 
perfe£kly volatile at a heat of about aoo** and it a very bright greenilli white flame and heavy 
rifes in the fecond diftillation quite pure and white fmoke. No reGdue is left in the fpoon, 
tranfparent. In doing this, all accefs of air but if the fmoke is received into any veflel it 
Aould be prevented, * as the heat required to condenfes on cooling into a very four liquid, 
fublime it much exceeds that at which it takes Gre which is the phofphoric acid. Thps then it 
in the air. The air within the veflel is fpeedily appears that there are two modes of combuftion 
deoxygenated by die a£tion of the phofphorus of phofphorus, one a flow combuftion, with 
at a common temperature, and of courfe no fcarcely any fefiGble heat, and in which much 
combuftion can take place when the phofphorus of the phofphorus is flowly volatilized by the 
is further heated in this fame air. Or, the furrounding air; and the other a rapid com- 
phofphorus may Grft be melted to the bottom buftton with vivid light and intenfe heat. The 
of the retort by hot water, and the latter former begins at the temperature of from .46® 
difplaced by azot or hydrogen, (in which phof- to 45^ (in the atmofphere) and whilft the 
phorus is equally umnflammable) and then a phofphorus remains folid; the latter occurs at 
lieat applied fufficient Grft to melt and then to the heat of about 148^ and after fuGon. The 
fublime the phofphorus. former is not dangerous to the touch, but the 

Another mode of purifying it is to melt it in latter produces a very rapid deftru6kion of the 
nitro-muriatic acid, and to (hake it thoroughly Ikin and flelli, fo that phofphorus Ihould always 
in the acid, whereby on ftanding again it be handled with great caution, as very ferious 
concretes into a very white tranfparent niafs. burns have arifen from careleGhcfs in this 
The red oxyd of phofphorus is feparnted in this refpeci:. 

procefs and is converted into phofphoric acid. Phofphorus when very pure diiTolvcs In al- 
This method however does not appear to be fo' cohol though very fparingly. As it diffolves, the 
good as the Grft mentioned. liquor takes the peculiar unplcafant fmell of 

Phofphorus when newly puriGed is nearly . phofphorUvS.® This folution is not of itfelf 
tranfparent and of a waxy conGftence, but luminous, but if a drop of it is let to fall on 
when kept in water it foon becomes covered a little water at the bottom of a glafs veiTel in 
with a reddifh-white opake cruft. It is in- perfetl: darknefs, the moment it touches the 
foluble in water. Its fpeciGc gravity is 1.77. w’^ater a faint blue lambent flame is feen to 
The moft remarkable phenomena relating to undulate on ^the furfacc and gradually to Gll 
phofphorus are thofe that occur during its the veflel. If the air of the veflel is changed 
combuftion. When a ftick of phofphorus is by blowing into it, the fame phenomenou is 
•fimply expofed to the air, if the temperature be renewed repeatedly till all the phofphorus is 
above 45", it conftantly fends off a white cxtra£l:ed from the mixture. In like manner if 
vapour of a very ftrong unpleafant fmell, fome- a wetted feather be dipped in the phofphorized. 
what like that of garlic, which is more copious alcohol,' the air above the point of contadl 
and denfe in proportion to the temperature, immediately becomes luminous. In thefc 
This vapour in the dark is feen to be a blue periments, there appears a kind of double 
‘ lambent flame, and it continues to be en^itted decompoGtion, the phofphorus uniting withrt^ 
from tlie phofphorus for a great length of time atmofphere, and the alcohol witli the water, 
with little apparent alteration, and 'without and the heat excited by the mixture of tliiSfc 
giving out any fenlible heat. Hence it is that two liquors doubtlefs favours tbe.decompofition. 
if charaders are traced by rubbing a (tick o* * Oil of turpentine and the other eflential.(>ils 
phofphorus on a board, or any rough furface, diflbjve phofphorus with mqrc facility and ip 
Jthey are made luminous by the minute quantity greater quantity than alcohol. . If a little* of 
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this fblution is fineared tnrer the face or hwdsj Phofphorus introduced into perfe^^Iy pur# 
the Warmth of the body caufes the oil to azotic ga8» (fuch as that extmd^ed from mu& 
evaporate' fpcedily, after which the thin in- cular flefli by weak nitric acid) is not luminou# 
fenfible pellicle of phofphorus that remains at any temperaturet but may be n^elted stndr 
becomes ilrongly and uniformly luminous» and even fublimed therein without {hewing the leaft 
continues fo for fome time. This amufing light, or undergoing the fmallell combuflion* 
experiment is no ways hazardous^ as the quan« It diflblves in it however at 55^ and enlarge# 
tity of phofphorus left on the ikin is too fmall its bulk about ^ according to Berthollet, a# 
to do^mifehief. has been mentioned under the article Eudxo- 

Phofphorus mzy be Equally well dilTotved in metry, {%vhich fee). But if a fingle bubble of 
the fixed oils. Oil of olives or almonds are oxygen gas, pure or impure, be thrown up 
the mofl convenient. Heat the oil in any into a jar of this phofphorized azot, a pretty 
veflel with the phofphorus for about a quarter Itrong blue light is perceived at the moment of 
of an hour, and the oil will diflblve enough of contad); which continues for a (hort time. The 
the phofphorus to be extremely luminous when fame cfFeA, but in a much greater degree^ is 
fmcared over the fkin or any warm furface. produced by inverting the experiment, and 
Sulphuric ether didblves phofphorus, but adding bubbles of phofphorized azot to oxygen 
this folution is not of itfelf luminous. Alcohol gas, in which cafe the whole veflel is nlled 
added to it makes it milky. with a fine lambent blue flame. Not only pure 

The habitudes of pholphorus with the diffe- oxygen, but common air or any other mixture 
rent gaffes offer feveral very interefling pheno- of oxygen will render phofphorized azot ftrong- 
mena. Thefe have been examined with great ly luminous. It has been mentioned that 
care by Fourcroy, Vauquelin,^ Spallanzani,^ phofphorized oxygen gas does not of itfelf 
Brugnatelli,^ and others, with the particular become luminous till heated to 8x% but (what 
view of refuting fome obfervations of Goettling appears at iirft very remarkable) if a jar be 
on the luminoufiiefs of phofphorus in azotic filled with it and kept at the temperature of 55* 
gas, which were fuppofed to militate againft and a few bubbles of azot be thrown up, the 
the modem theory of combuftion. whole iar immediately fhines with a bright blue 

When a flick of pure phofphorus is in- light like that of the ele^lric aura. It appears 
troduced into very pure oxygen gas, no light therefore that when phofphorus, azot, and 
whatever is perceived, though the experiment oxygen are prefent, the phofphorus firft com- 
be made in perfe& darknefs, at any temperature bines with the azot, and being thus extremely 
below 80^ or 81*. But if it be raifed to this divided, it is able to undergo combuftion with 
point by putting the warm hands on the outfide oxygen at a much lower temperature than 
of the jar, the phofphorus becomes very lumi- where the azot is abfent. This is exa^^ly what 
nous, and is furrounded with white vapours, takes place when phofphorus is confined at a 
This appearance continues till the temperature moderate temperature in atmofpherical air, and 
is, reduced to 55% when it ceafes entirely, hence to employ phofphorus as an eudiometer 
This luminoufnefs is caufed by a low combuftion at this heat the prefence of die azot is neceflary 
of the phofphorus and confluent generation to fet in a£lion the combuftion. 
of phofphoreous acid, fo that in mis, as in Mefllrs. Fourcroy and Vauquelin found that 
all the fubfequent experiments, whenever the when phofphorized oxygen had been firft made 
luminous appearance has taken place litmus luminous by raifing the heat to 81% and then 
paper within the jar will be reddened. From cooled to 55'' and mixed with azot, no light 
81* to 104^ this flow combuftion continues could be perceived. 

hut with increafing rapidity, but at about 104* The fame chemifts alfo obferve that when 
the phofphorus, whicn is then melted, takes phofphorized oxygen and phofDhorized azot 
fire and bums rapidly with intenfe heat and (both made by keeping phofphorus in the 
fiame as already deferibed. But though phof- refpe£live gafles at a low temperature for fome 
phorus doej^ not begin to be luminous, and hours) are mixed together at 55S no light is 
therefore to undergo combuftion in pure oxygen perceived, which is a very fin^ular and 
at a lower temperature than 8i«, it impercep- appears to contradiA the experiment in which 
til^ diflblves uicrein at the heat of 5;^, and "azot renders phofphorized oxygen luminous, or 
jpeifieps lowwr, as will be prefendy fhewn. oxygen, pholphorized azot, at the fame tern* 

^ An. ddm. tonusi. s Do, ubs, as. ^ Ds, tm #4* 
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pmtiurer The onijr difference In this cafe is 
that both gaffes are previoufly fatttrated with 
phorphorns^ inftead of onlv one. ^ 

When a ftick of phofpnorus is confined in 
hydrogen* gas no light is produced, but after a 
time the gas diflblves fome of the {^ofphorus, 
and then, like phofphoriaed azot, it Mcomes 
luminous on the conta£t of oxygen or any air 
containing oxygen, in like manner pure hy- 
drogen added to phofphorized oxygen renders ' 
it luminous, and even at as low a temperature 
as. according to Spallanzani> 

With hydrogen, ^ofphorus unites in two 
ftates of faturatioii, the lowed is that which 
has been juft mentioned, and is produced by 
keeping piiofphorus in. hydrogen at a moderate 
temperature. The other is the gas produced 
by boiling the phofphorus in an alkaline folution,. 
and will be afterwards defcribed- The former 
gas is merely luminous by expofure to air or 
oxygen, the latter takes nre and burns with a 
bright ilafh and flight explofion; the former 
therefore may for the prefent be diftinguiflied 
by the term Juh phojphuretted hydrogen^ and tlie 
latter ph^phurHUd hydrogen. 

Phofphorus kept in fulphuretted hydrogen 
diflblves therein,: but is not luminous*^ On 
adding common air a large blueilh flame is 
produced.. This luminous ms feems to be 
more permanent and condenfed than the others, 
attaching itfelf to the hands or to* the veflel in 
which me experiment is' made, and giving 
them a very bright luminous coating, whicn 
remains for. feveral minutesi. 

No very interefting appearance takes place 
when phosphorus is confined in the other gafles, 
but when, thrown into the oxymuriatic acid gas 
it foon takes fire, and burns rapidly and 
beautifully. 

In all the above experiments where it is 
afleited that the gas containing the phofphorus 
remains abfoluteTy dark, it is underftood that 
it is confined by mercury, for when kept over 
water, the oxygen wnich this fluid: ufually 
contains may be difengaged, and the minuteft 
quantity will become fenfible by fuch a delicate 
teft. ' 

The folution of phofphorus in oxygen gas at 
a low temperature is a very curious circum- 
ftance, for it mult imply a very, intimate union 
of the two widiout any approach to combuftion, 
fince at any time comouftion may be excited in 
the mixture either by raifing the heat to or 
by adding azotic or hydrogen gas, and. fince 
alter the temperature nas. teen raifed to the 


point of luminoufnefs and flow combuftion, an<( 
again reduced, no eiFe£k is then produced by 
the above additions. 

The fub-pholphuretted hydrogen having beeiv 
already mentioned, we may proceed to defcribe 
the phofphuretted hydrogen*. This gas wa» 
firft difcovered by Gcngembre, who* prepared it 
by boiling phofphorus in alkali. It is eafily 
produced in the following way: put fome pieces* 
of phofphorus in a very fmall bottle with a 
curved tube, or in a fmall retort, fill the veflTek 
to the neck with a weak folution of cauftic 
potafli, and heat it to boiling, taking care ta» 
dip the open end of the bottk or the tube in* 
water or mercury to prevent the accefe of air. 
When the folution begins to boil, bubbles of 
gas rife to the furface, which kindle immedi- 
ately and burn with a bright flalh> within* the 
veflel as lon^ as any oxygen remains- This- 
caufes a rapid abforption, fo that unlefs the 
velTel is .nearly full,, much of the water ox* 
mercury ruflies up, but after a while this, 
ceafes, and the difchargc of gas is copious andi 
regular. It is the peculiar property of this- 
phofphuretted hydrogen to bum with a. very, 
vivid flafli and a mght fnapping noife the 
moment it comes; in contaft with the atmo-*, 
fpherei and after each bubble has thus exploded,v 
a very remarkable circular ring of white fmoke* 
rifes from the flalh, and mounts about two. or.' 
three feet in the air,, gradually widening, till its: 
difperfes. This^gas if received by bubbles im 
a jar of. oxygen gas bums with a ftronger* 
explofibn and a brilliant flafli of flame^. perhaps; 
more beautiful than any other thatchemiftry cam 
exhibit. Phofphuretted hydrogen may aifo be* 
produced by heating phofphorus very ftrongly„ 
and fubliming it in an atmofphere of hydrogen*. 
Another method of producing it is fimply by/ 
dropping into water fome phofphuret of lime», 
as will be preiently mentioned. 

Phofehuretted hydrogen has a ftrong and! 
unplealant fmell fomewhat like that, of ftale. 
fifli. It is confiderably lighter than commom 
air, but its compofition feems to vary according, 
to the circumftances and time of its formation.. 
If kept in the dark, and over mercury, it retains; 
its inflamn>abtlity for a length of time, but: 
in the light it is foon changed, and no longer 
kindles on admilfion of common air.. 

When this gas recently prepared is agitated! 
with cold water, a confiderable quantity is- 
abforbed, and a liquor is farmed of a xainr. 
yellow colour, a difligreeable fmell and a bittec* 
and naufeous tafte.^ It is not luminous in the ? 
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Water dioroughlr purged of atr* bv 
recetit and long continuecl boiltngt will abforp 
at 55^ about a fourth of its bulk of the gas. 

When this Iblution is heated, the gas is 
again expelled, at a heat below boiling, un<9 
altered, and as inflammable as before. 

If the folution is expofed to the air it foon 
becomes turbid, and draolits a confidcrable 
.quantity of red oxyd of phofphorus, whilft 
hydrogen efcapes, which is now no longer 
ff^ntaneoufly inflammable. In time the liquor 
.becomes (imply water containing a little oxyd 
vof phofphorus. 

This folution of phofphuretted hydrogen 
when made with well boiled water does not 
■change the colour of litmus, and therefore is 
neither acid nor alkaline. It fpeedily alters 
many metallic folutions, reducing the metal to 
the ftate of a phofphuret. This is particularly 
jremarkable when added to the folutions of 
iilver, mercury, and lead, which it immediately 
blackens and feparates a phofphuret of the 
. metal, which in time is changed to a phofphat. 

Phofphorus fcarcely if at all unites with any 
^f the three alkalies at any temperature. 

With lime phofphorus unites by a moderate 
beat and forms a compound which has fome 
usurious properties. It may be made in the 
following manner.^ Put into a long dry thin, 
phial about half a dram of well burnt powdered 
lime, then about half this quantity of phofpho^ 
rus, and fill it with alternate ftrata of lime and 
phofphorus. Stop it loofely with a cork, and 
bury, it to the neck in hot fand, and keep the 
heat to a degree jull below rednefs till the lime 
is uniformly impregnated with the phofphorus, 
And is of an auburn colour. In this procefs 
the phofphorus rifes in vapour through the lime, 
and a part unites with it into a phofphuret, 
jbut^fome efcapes by the cork and burns off. 
WHen the procefs is finifhed, for which no 
«xa£t rule can be given, prefs the cork in to 
prevent the air from entering in cooling, and 
to keep it for any length of time the bottle 
fliould be inverted over mercuiry. 

The phofphuret if duly prepared is friable 
and readily broken down in the bottle when 
cold by an iron wire, and at this point the 
procefs fliould (lop. If continued longer, too 
much of the phofphorus is expelled j and the 
phofphuret will not prefent the ufual appear* 
ances; if too little, the mafs is hard. 

When a quantity of this phofphuret is thrown 
^o water about blood warm, it fwells and 


crackles, and bubbles mount up, whiclvtake. 
. fire .as {Mn as they reach the air, and bum . 
with a bright flaih and fnapping noife on the 
furface of the water. This gas is phofphuretted' 
hydrogen, the properties of whi& have been 
already deferibed. . 

By a ^ilar procefs phofphorus may be made 
. to combine with barytes, and when melted, it 
• exhibits the fame phenomena. 

-‘Pholphorus appears to unite with charcoal 
during the procefs of the diftillation of phof* 
phorus by charcoal and phofphoric acid. Thia. 
compound (according to Pixmll*) is the fubftance 
that remains in the leather bag when the impure 
phofphorus has been . (trained through it as 
already mentioned, but it is befides mixed with 
fome uncombined phofphorus. It is red, and 
does not melt like pure phofphorus. Diftilled ' 
per feinz clofe vefTel the excefs of phofj^orus 
fubltmes at a moderate heat, and there remains 
an orange red light flocculent mafs, apparently 
homogenous, which this excellent chemifl: con- 
fiders as the true phofphuretted charcoal. If 
the heat is raifed to rednefs moft of the combined 
phofphorus is fublimed, and the refidue is 
little elfe than charcoal. 

If a little of the phofphuretted charcoal is 
laid on a red hot iron plate, the phofphorus 
burns firft, and forming phofphoric acid it 
melts with and involves the remaining char- 
coal and preferves it from the further adion of 
the fire. Cauftic potafli in folution boiled with 
this compound produces no e(Fe£t upon it, 
which (hews how intimate is the chemical union 
of the condiment parts. It is probably this 
fubftance that forms the red or black powder 
which fo often appears in many pperations with 
common phofphorus. 

Sulphur and phofphorus unite in feveral 
proportions, forming a very interefting com- 
pound, which is one of the moft inflammable 
and dangerous combuftibles that we are ac- 
quainted with. Phofphuretted fulphur was firft 
noticed by Margraaf, afterwards by Pelletier,* 
who has (hewn the mode of combining them, 
and the great fufibility of the compound, and 
more lately Mr. Accum^' and Dr. Briggs® have 
given very interefting papers on this fubjed. 
From all thefe fources the following pariiculara 
may be colle£Ied. This fubftance may be 
made by heating the pho^horus and fulphur in 
the required proportions m water till the pho& 
phorus melts, wnich foon diflblves the fulphur 
and forms, a yellowilh mafs, which is the 


^ * An. Chim. tom. xxxv, f. 45* 
^ lourn. 8vo. vol. 6 . 


' * Memoirs, &c. de Pelletier, tom. j. 
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tfom[^und'in mieftioh. Phofphori2^ fulphur 
arielts at a much lower temperature than phos- 
phorus itfelf, fo that a heat much lefs than 
that of boiling water will be fufficient, and on 
account of the extreme ti(k of explofion when 
the heat is too great, no more than is abfoluteljr 
necefTary fKould be ufed. The fufibility of the 
compound increafes with the proportion of 
fulphur. Thus Pelletier found that phofphorus 
alone, Hquificd by heat and allowed to cool, 
folidified at a temperature of from 90^ to ioo*« 
But all the mixtures of phofphorus and fulphur 
remained fluid at a much lower temperature. 
Thd particular experiments are as follows: 
Phofphorus Sulphur 

72 with 9 congeal at 77® Therm. 

72 . - 18 . - . 59 

72 . - 3d - - . 50 

72 - -y -- - 4.1 ^ 

72 - . - 144 - - - 55 

but when the quantity of fulphur exceeds that 
of the phofphorus the combination appears 
lefs perfect. 

If equal parts of the two ingredients be 
melted under water' at a heat not exceeding 
1 80S onlv a certain portion of the fulphur 
unites witn the phofphorus, and the remainder 
may be waflicd away with cold water. This 
compound is yellow and friable, melts by the 
heat of the hand, and takes fire at about 112*. 
Two parts of phofphorus and one of fulphur 
are very convenient proportions for making this 
compound. They are to be put into a flaik with 
water, and melted in a heat confiderably (hort 
of boiling, and kept for a (liort time ^ill the 
union is com pleat. The veflel fhould on no 
account be lhaken whilft the materials are fluid, 
for Mr. Accum relates' a moll dangerous explo- 
fion which took place in confequence. Neither 
ihould the water be allowed to boil in which 
the phofphorized fulphur is contained, for after 
a Ihort time the mixture has been known to 
explode with prodigious violence, and with a 
large volume of flame. Yet, on the other 
hand, Mr. Accum, in another inftance, kept a 
quantity of this mixture under a pretty long 
column of boiling water for a confiderable time 
without accident; fo that till we are better- 
acquainted with the precife circumftances that 
prepuce explofion of this dangerous compound, 
fuch an event Ihould alvrays be expe£led and 
guarded againft, when the mixture is heated in 
water; to yrithin a few degrees' of the boiling 
point. This fubftance alfo Ihould be handled 
with dill more caution than phofphorus, for it 
takes fise with a ^derate heat, and. even in 
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the temperature of the air when flight frii£):ioar* 
is ufed. 

Phofphorus and fulphur may alfo be fafely 
combined in a clofe veflel without water. For 
this purpofe, take a glafs tube hermetically fealed^ 
at one end, put into it the phofphorus and fuU 
pbur, both perfe£tly dry, cork it very tight, 
and plunge the tube into hot water* which is 
to be gradually brpught to boiling. The fulphur 
and imofphorus will unite without explofion, 
and when removed from the water, but dill 
fluid, the tube may be lhaken to compleat the- 
ttnion, care being taken to keep it well corked 
all the time. 

Phofphuretted fulphur has the property of 
decompofing water without the afliflance of 
alkalies or any other fubftance, a property not 
poflefled by pnofphorus or fulphur fingly . The * 
gas thus generated ia a mixture of phofphorus, 
fulphur, and hydrogen, has the peculiar fmelt 
of both fulphuretted and phofphuretted hydro** 
gen, and is luminous in the air* and if recently 
prepared, takes fire fpontaneoufly, and burns 
with a greenifh flame and a white ring of 
fmoke. This compound gas was procured by 
Mr. Accum, (though not without rifle of explo-' 
lion) by putting two drams of phofphorus with 
two ot fulphur into a Wedgwood*ware tube, » 
clofed at one end, and furnifhed at the other* 
with a perforated cork, and bent glafs tube* 
fitting it, which was dipped under a jar of water. 
Four ounces of water were added to the mix* * 
ture, and gradually brought to boil, during 
which nearly two quarts of the gas were pro- 
cured, and without explofion. This gas was* 
foluble in about four times its bulk of water' 
by agitation. On throwing up common air to • 
the gas, an inftantaneous inflammation enfued, . 
the veflTel became filled with white fumes, and 
was foon lined with a white cruft, which 
attra£led moifture rapidly, and confided of 
fulphur, fulphuric, and phofphoric acid. A 
confiderable detonation is produced when this ^ 
gas is mixed with the oxymuriatic acid gas. 

The decompofitxon of phofphuretted Tulphur ' 
by watery* takes place, though flowly^ at:a heat^ 
fcarcely higher than that of the atmofphere. 

This compound (conipofed of three parts of 
phofphorus and one of fulphur) rapidly abforbs-' 
oxygen from tlie air, fo that it may be em*- 
plcwed with advantage as an eudiometer. ^ 

It is very rapidly oxygenated by nitric acid, . 
even without heat, and converted into fulphuric : 
and phofphoric acids. 

Phofpnorized fulphur is foluble in the fixed - 
oils* If a little of it be rubbed in a mortar witli • 
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live or Gx parts of olive oil, and dfen put into a 
f)hial and allowed to ftand for fome little time, 
moithout apphing heat^ a liquid phofphorus is 
produced I wnicn, when quite clear (fothat none 
xof the phofphuret is fufpended in tM oil) may 
be rubbed on the Ikin with pcrfe£t fafety, and 
ihines with much more brilliance than the folu- 
tion of firaple pliofpliorus in oil. Equal parts 
jof this phofphuret in olive oil and oil of tur- 
petuliie when fhakeii together and poured out 
-of a veflel, gives in the dark the appearance of 
a beautiful Ihower of fire.P 

The eliential oils alfo dillblve this phofphuret 
And produce luminous folutions. 

Phofphorus unites with moll of the metals, 
forming compounds, which arc all brittle, and 
xnoflly of a grcyifli-whitc colour. Thcfe phof- 
phurets may be made either by he<ating the 
metal (in ilireds or powder) with a mixture of 
phofphoric acid and charcoal ; or by projc£ling 
phofohorus on the metal when red-hot. The 
phofphorus burns off from moft of the metallic 
phofphurets by heating in the open air. They 
are individually deferihed under the refpe£live 
metals. 

PHOSPHORIC AND PHOSPHOREOUS 
ACID. 


The produ£l of the combuftion of phofpho- 
rus (or oxygenation in any other way) is an 
acid, which, though compofed merely of phof- 
phorus and oxygen, differs in a notaole degree 
according as the oxydation is more or lefs com- 
pleat When incomplcat, the phofphoreous acid 
Is produced j when convplcat, the phofphoric 
acid, fo that of thefe two fubftances, the former 
contains more phofphorus or lefs oxygen than 
the latter. Some cliemills have rather luppofed 
that the phofphoreous acid is the phofphoric, 
holding fomc uncombined phofphorus in folution 
^in the fame way as the nitrous acid may be 
confidered as the nitric^ holding diffolved nitrous 
gas) that is to Giy, that all the oXygen of the 
phofphoreous acid, is combined with a part only 
of the phofphorus, and in the proportions in 
which phofphoric acid is conftituted, and that 
the fuperabundant phofphorus of tlie phof- 
phoreous acid is only in loofe combination with 
the remainder. Perhaps this is the proper way 
of conGdering this fubjedl, for though the phoi- 
phorcous acid cannot be made by digelling phof- 
phorus in the phofphoric acid, the former acid 
may be converted mto the latter by mere heat, 
which drives off the excefs of phofphorus. 

The Phosphoheous Acid is produced by 
f 3^9 Jlnp ppml^uftion of phofphorus in atmo{- 
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pherical air, or that which is excited at all the 
common temperatures at which phofphorus. 
becomes Gmply luminous without burfting into 
flame. It may be fafely performed in fmall 
quantities at any heat below the melting point 
of phofphorus. The phenomena attending the 
flow and the rapid combuftion of this fubftance 
in common air and in oxygen, have been already 
fully deferibed. 

Phofphoreous acid is conveniently prepared 
according to Pelletier’s method. Inclofe iticks 
of phofphorus, each in a fmall glafs tube, quite ^ 
open at one end, and drawn out to a capillary 
tube at the other. Arrange any number of 
thefe in a glafs funnel, with the fmaller ends of 
the tube downwards, and fet the funnel in an 
empty glafs bottle. The conta^l of. the air 
immediately begins the flow combuftion of the 
phofphorus, and a luminous vapour arifes from 
each tube. But if this vapour (which is phof- 
phorized azot in the aft oi union with oxygen) 
is allowed to difperfc freely in the air, moft of 
the phofphorus would be wafted away and loft ; 
fo that it is found neceffary to confine it, by 
fetting the bottle and funnel on a plate with a 
little warm water at bottom, and inverting over 
the whole a large bell-glafs, with an opening in 
the middle, loofely corked, through which fufli- 
cient air may be let in from time to time, to 
maintain the flow combuftion of the phofphorus 
within. In this way the phofphorus gradually 
deliquefees into a liquid acid, which falls in 
drops through the tube and funnel into the 
veflel below. About three times the weight 
of the phofphorus employed may be collefted. 
The ufe of confining each flick of phofphorus 
in a feparate tube is, to guard againft the dange- 
rous accident of the whole phofphorus taking 
fire ; for though a fingle (lick of it may be 
expofed to any natural temperature without 
kindling, it has been found that when a number 
of fticl^ arc heaped together and expofed to the 
air from 65* to 70% fo much heat is generated 
by the flow combuftion, as to caufe the whole 
to inflame, which might be produftive of the 
moft ferious confequences* 

The acid which drops from the phofphorus 
in this procefs is the phofphoreous^ and is a tranf- 
parent liquor of the confidence of f^rup, ftreaky 
when fhaken, without fmell, and with a ftrongly 
acid and peculiar tafte. * When heated in a 
retort, it firll thickens bv the lofs of its fuper- 
fluous water, after whicli a number of bubbles 
arife to the furface, and break with a white 
fmoke, which is luminous in the dark, fmells 
• f ourcroy. 
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ftrongly.of phofphtiretted hydn^eht and fome- 
times a^lually takes fire. In an open veflel 
fehefe bubbles kindle the inftant they reach the 
fiirface. 'By continuing the heat for a confide- 
rable timey all the fuperfluous phofphorus is 
burnt off, and the liquor is now converted into 

- » ^ r . • a * 


pho^boric acid* 


phofphoreous acid, though not faturated 
with oxygen, docs not abforb it, either, when 
expofed to the air or to oxygen gas, at lead not 
till after a confidcrable ^rigth of time, which, 
together w*ith the great difficulty of expelling 
the excefs of bafis by heat, (hews the very ftrong 
affinity between phofphorus and phofphoric acid, 
and feem to confirm the opinion already (fated, 
with regard to the conditution of the phof- 

S horeous acid. By boiling with nitric acid 
lowever, the excefs of phofphorus is compleatly 
oxygenated, and the whole becomes phofphoric 
acid. 

Phofphoreous acid added to thofe of the 
metals that difengage hydrogen during folution, 
fuch as iron and zinc, dinblv.es them with the 
produdion of a fetid gas, luminous in the dark, 
but not inflammable per fe^ which is hydrogen, 
holding a very fmall portion of phofpnorus in 
folution, or what may be termed fub-phofphu- 
retted hydrogen. The refidue is the phofphat 
of the metal employed. 

This acid mixes with water in all proportions, 
and cannot be rendered folid by evaporation 
without loflug the excefs of phofphorus, which 
diftingui flics it from the phofphoric. 

The combinations of this acid with the fevcral 
bafes, form xhaphejphites^ which will be prefcntly 
deferibed. 

Phosphoric Acid. 

This acid is found native in fevcral dates of 
combination, particularly with lead and with 
lime, and it compofes a great part of the earth 
of bones (whence it may be extracted in the 
way already mentioned), but it is never found 
native uncombined with any bafe. There are 
two methods of preparing it, one direfUy from 
phofphorus, the other by the decompofition of 
phofphat of lime. The former gives it more 
certainly in a date of abfolute purity. 

Phofphoric acid is produced by the rapid 
egmbudion of phofphorus in oxygen, which 
may be dope either over mercury or water. 
After combudion, which givbs intenfe heat and 
light, the acid fublimes in white crydalline flakes, 
that concrete cm the inner furface of the veflcl, 
and which foon deliquefee into a very drong 
acid. If this is done over water, it (hould be 
over a very thin dream of this fluid, and then 
by wafhing out die jar with it, aU the acid 
TOL. II. 


mixes with the water, and may be concentrated^ 
by evaporation. 

Another and very convenient way of preparing 
it is, by compleatiiig the acidification of phot* 

f ihoreous acid by the nitric, as mentioned in the*' 
brmer article. Let phofphoreous acid be pre« 
pared either by the flow combudion of phof- 
phorus, or elfe in the following way, which is 
very convenient. Put a quantity of pure pho£.' 
phorus in a fmall cup, which will not crack 
by the heat, danding in a plate, the bottom of 
which is covered with water: kindle it, and*, 
immediately whelm over it a large bell-glafs, 
which, as in the combudion in oxygen, will- 
fpeedily be lined with the concrete acid. When* 
tnc flame has gone out and the veflel is cold, lift 
up the jar to change the air within it, and. 
again fire. the phofphorus as before. When thia» 
has been repeated a number of times, wafli all 
the inlide of the jar with the water of the plate,- 
and evaporate this in the open air till it begins 
to fend forth bubbles which flafli as they break;, 
then add nitric acid till no more red nitrous 
vapours are perceived, and complete the eva- 
poration nearly to drynrfs. The refidue is pure ' 
phofphoric acid. The oxymuriatic acid may.' 
be ufed indead of the nitric. 

Phofphorus alfo may be compleatly oxygen-' 
ated by boiling with the nitric acid without the - 
affidance of previous combudion, and this is 
perhaps the fhorted and bed way of preparing 
it. For this purpofc put about fix parts of 
moderately drong nitric acid into a retoft, heat 
it and then drop in one part of pure phofphorus. 

A violent difeng;igcment of red nitrous va-* 
pour takes place, and when it has ceafed, boil : 
the liquor till all a^lion between the two ap- • 
pears to be over. Then evaporate the folution • 
nearly to drynefs, and the refidue is pure phof- • 
phoric acid. 

I'his acid may alfo be prepared from phof- - 
phat of lime in confidcrable purity, by means > 
of fulphuric acid and ammonia in the way given • 
by Dr. Higgins, and already mentioned under. 
,the article Phofphorus. 

It was found by Lavoifier that loo parts of 
phofphorus, during combudion in oxygen gas, . 
aBforbed 154 of oxygen, and produced 2 $4 of 
concrete piiofphoric acid ; wnich proportions • 
have been confirmed, or nearly fo, by other * 
chemids. 

Phofphoric acid, in whatever way prepared, , 
has the following properties: When concen- 
trated as much as poffible, retaining the liquid 
form, it is a thick un£luous-looking fluid of 
the fpecific gravity of 1, or fometimes more, . 
drongly acid but with no other tade, nor any / ^ 
2 B 
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fmell. It Is capable of the concrete form un- 
der certain circumftances. When produced by 
combullion in the way already mentioned it 
appears in cry (la 1 line flakes but very deliquef- 
cent: the liquid acid alfo when of a fp. gr. if 
kept for fevcral days at 32” or thereabouts will 
gradually depoCt fmall needled cryftals.* Even 
in lummer this takes place when quite at reft, 
but in a longer time. 

Phofplioric acid is entirely unaltered and 
fixed in the lire. When the liquid acid is 
heated, it firll parts with its water, tlien, con- 
tinuing the heat, it becomes a clear gelatinous 
mafs, and at Ivill when the heat is raifed to red- 
nefs it bubbles and fwclls, and (iiially fettles 
into a clear colourlcfs aeid glafs. 'Fhis how- 
ever is again foluble in water and returns to its 
former (late. 'The gelatinous acid is extremely 
deliquelceiit, and the vitreous acid in fome de- 
gree, and by expofure to air they both return 
to the ftate of the undluous liquid acid. The 
vitreous acid is a very powerful flux for all 
earthy and many metallic fubftances, and 
firongly a£ks upon earthen crucibles, fo that in 
fa£l it can hardly be obtained ubfolutely pure, 
oinlefs melted in a platlna crucible. The pliof- 
phoric and the boracic acids refemblc each 
other fo ftrongly in their unalterability in any 
iire, and their powerful adlioii as a flux, that 
they have been thought to be the fame fubftance 
under fomc modification ; but no experiments 
have as yet confirmed this opinion. 

This acid is not a£lcd on by hydrogen or 
fulphur, but charcoal dccompoles it entirely in 
jaL ftrong heat, as is feen in the procefles for the 
preparation of phofphorus deferibed under that 
article. 

The combinations of this acid with the fcvc- 
ral bafes are deferibed in the following article. 

PHOSPHA'rS and PHOSPHITES. 

The falts formed by the union of the phof- 
phoric acid with the fcveral bafes are called 
JPhofphateSj thofe with the phofphoroous acid, 
Phofphites. The former of thefe will be firft 
deferibed. 

There are fome circumftances belonging to 
the phofpiuites in general, which may be pre- 
vioully mentioned. They are all; except the 
phofphat of ammonia, fixed in the fire, and 
readily run into a glafs by a red heat. The 
phofphat of ammonia lofes entirely its alkali, 
and when kept in fufion for a little time pure 
phofphoric acid is left. 

A remarkable circumftance in which the 
phofphats difler from the fulphats, is, that the 

* Cuerfeti in PkiL Mag. voL 17. 


former are not decompofed by -calcination with, 
charcoal, which feems to have no efFe£l cn 
them. The phofphoric acid however is com- 
pleatly decompofed by this method, and alfo 
the phofphat of ammonia, but the latter only 
on account of the volatilization of the alkali, 
which leaves the acul naked. Hence phofpho- 
rus can be made dircftly only from tne phof- 
plioric acid or phofphat of ammonia. 

With many of the bafes this acid unites in 
more than one proportion, forming with the 
fame alkali and the fame acid, falts differing 
extremely in folubility and feiifible qualities. 

Many of the other acids dccompofe the phof- 
phats partially or totally. 

Phosphat of Potash. 

When phofphoric acid and potafh are in 
mutual faturation, a fait is produced which is 
uncryftallizable, but when evaporated fuflici- 
cntly pafles into the ftate of a thick jelly which 
is deliquefeent in the air. It is therefore ex- 
tremely andalmoil indefinitely foluble in water; 
when heated it fwells and bubbles till it has 
parted with its water, after which it melts 
into a clear colourlefs glafs. It is decompofed 
by the fulphuric, nitric, and muriatic acids, and 
lime, barytes, and ftrontian, fo that if a 
little lime-water, for example, be dropped into 
a folution of this, or any othcp alkaline phof- 
phat, a white precipitate of phofpKat of lime 
takes place. Its conftituent parts are not 
known, nor is it ufed. 

Sub^Phofphat of Potafh, This variety was firft 
noticed by Darracq,** and occurred in repeating 
fome experiments on the fuppofed decompofi- 
tion of the alkalies. On heating to vitrification 
a mixture of two parts of oxymuriat of potafh 
with one of phofphoric acid, and digelling the 
mafs in cold water, a white infolublc granular 
fubftance is left, which was miftaken for phof- 
phat of lime, but is in reality the pho^hat of 
potafli in queftion. By evaporating the folution 
and again calcining, more of this granular fub- 
ftance is left behind on digeftion with water, 
and thus by four or five procefles the whole is 
converted to this phofphat. 

The fame fait may alfo be produced in a 
(horter way by fufing in a platina crucible neu- 
tralized phofphat of potafh with an excefs of 
potafli. 

This fub-phofphat is infolublc in cold water, 
but diflblves in a fmall degree with a boiling 
heat. It is extremely fufible and melts before 
the blow-pipe into a perfeft bead of glafs, which 
is tranfparent whillt in fufion, but becomes 

k As. Chilli, tom. 40* P* I77* 



opake on cooling. The proportions of its con- 
fiitucnt parts are not known. 

Thosphat of Soda. 

'I'his fait is now the bcft known of the 
alkaline phofphats, having been introduced 
in pharmacy by Pr. Peari'on as a very ufeful 
purgative. It may be prepared in feveral ways. 
The fimpleft, but by much the moll expenfive 
(and therefore never ufed in quantity) is firfl to 
prepare phofphoric acid by the com bull ion or 
oxygenation of phofphorusj and tlien to add 
carbonat of foda in excefs, to evaporate, and 
cryllallize. This fait is however a<il;ually pre- 
pared by adding carbonat of foda to the pliof- 
phoric acid (or rather the acidulous pliofphat of 
iime) procured hy decompofing bone-afli by ful- 
phuric acid. '^I'he method of making this de- 
compofition has been deferibed under the article 
phofphorus, and will be further noticed when 
treating of Phojphat of Lhne, 

'I o obtain tins fait pure, the fulphuric acid 
{))ou1d not be more than is fuilicient to dcconi- 
pofe the bone-alli, and the fulphat of lime 
lliould be allowed to precipitate by cooling (af- 
ter concentration of the acid liquor) before the 
alkali is added. The acid liquor is then to be 
diluted with fufficient water, and carbonat of 
foda added till there is a very fenfible excefs of 
alkali, after which the folution is to be evapo- 
rated confiderably anck fet by to cryftallize. 
The pliofpliat of foda then feparates in large 
well defined cry dais, generally rhoniboidal or 
prifmatic. 

The mother water is then to be again evapo- 
rated. adding either foda or phofphoric acid, 
according as it is too little or too much alkaline, 
and a frefli crop of cryftals is obtained. 

This fait naturally contains and requires an 
excefs of foda, for when merely faturated 'it 
will not cryftallize. 

The quantity of phofphat of foda obtained 
in general is about equal to the carbonat of 
fpda employed. 

Another and perhaps a cheaper way of pre- 
paring this falt^ is given by Mr. Funckc, a. 
Germaii^ chemift.® Add to bone-afli, diifufed 
in water, juft enough dilute fulphuric acid to 
faturate the carbonat of lime which it always 
contains in fmall proportion, which is known 
by the ceflation of the efFervefcencc. Then 
diflblve the whole in nitric acid and add to 
the folution as much fulphat of foda as the 
quantity of bone-aih ufed. Diftill the whole 
to drynefs, to recover the nitric acid, and the 
refidue in the retort is a mixture of phofphat of 
• Phil. Journ. voL 6. from Scherer's Journal. ^ Pelletier. 


foda and fulphat of lime, formed by the mutual 
decompofitiuit of the phofphat of lime and the 
fulphat of foda. The phofphat of foda is then 
feparated by folution and cryftaliization in 
the ufual manner. It is obvious however 
that if too much fulphat of foil a be added, the 
excefs muft mix \vi:h the pliofphat of foda. 
This admixture ot fulphat of locla may be 
deteitled by nitrat or nuiriat of baryus, wl ich 
forms a white precipitate witJi both fa Its, but 
the phofphat of barytes is agnin decompofed, 
and forms a clear folution with nitric or mu- 
riatic acid, wliilil the fulphat of barytes remains 
untouched. 

Phofphat of foda has a fimply falinc tafte 
without any thing naufeous or bitter (in which 
it differs from many other of the purg.uivc f.dts) 
it Ihews with vegetable colours the marks of 
excefs of alkali, it eillorcfces in the air, but 
only on its furface.** 

It is one of tlie moft folublo of the non- 
dcliqucfcent falts, requiring no nune than four 
parts of cold water, and two of boiling, whence 
it eafily cryftallizcs from its hot faturated 
folution on cooling. It is compofed according 
to Thenard® of 60 per cent, of water of cryftal- 
iization, 15 of phoijihoric acid, and 19 of foda, 
as determined from the following fa(lils, namely, 
that 100 parts lofe 66 on calcination, amt the 
rcfiduc decompofed by muriat of lime give 33 
of phofphat of lime, of which the acid is 
eftim.ated at 15. 

When heated, this fait melts in its own 
water, bubbles and boils up, and at la ft, when 
red hot, it fubfidcs.into a glals which before 
the blow-pipe is dear w'hen hot, but on cooling 
grows opake, and aflumes nearly the form of 
the garnet. 'I'liis fingular property it has in 
common with the phofphat of lead.* 

The fulphuric, nitric, and muriatic acids 
decompofe it only partially, leaving in the 
folution an acidu ous phofphat of foda. The 
fame is produced by adding phofphoric acid, 
and this fait is cxtrcnicly foluble, fcarcely cryf- 
tallizable, and takes the form of fmall foft 
brilliant threads, like boracic acid.^ 

The phofphat of foda, befidcs its ufc in medi- 
'cinc, has been employed with fome fuccefs as a 
fubftitute for borax, in the foldering of metals. 

Phosphat of Ammonia. 

This combination is found in tolerable abun- 
dance in urine, but united with phr)rphat of 
foda, from which it is fcarcely poftiblc to fe- 
parate it, and therefore to obtain it pure, it muft 
be formed by the direct union ot its two iii- 
• Ad. Chim. tom. 39. ' PclUtkr. * Fourcroy. 
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;£redient8« ' For this purpofe faturate the acid 
liquor (arifitiff from the decompoGtion of bone- 
atfr by fulpnuric acid) ‘with pure ammonia^ 
which will fenarate the phofphat and fulphat 
•of lime, and the clear liquor contains the pure 
.phofphat of ammonia, if no excefs of fulphuric 
acid has been employed. If carhonat of am- 
monia in (lead of pure ammonia be ufcd, fome 
of the phofphat of lime remains in folution, 
which however may be got rid of by evaporat- 
ing the clear liquor nearly to drynefs, and 
♦ rediflblving in cold water. The Gltercd folution 
muft then be fuperfatu rated with ammonia 
carbonated or pure, and gently evaporated to 
the cryrtallizing point. 

The form of this fait is a four-Gded prifm 
terminated pyramidally. When the alkali is 
not in excefs it runs into fmall indeterminate 
needles. The tafte is fharp and cooling. 

This fait diiTolves in four parts of cold water 
:and in fomewhat lefs of boiling, but not fo 
much as to cryflallize by Gmple cooling without 
further evaporation. 

When heated, it tnelts, lofes Grft its water 
with a portion of its alkali, and then the reft of 
the ammonia flies oiF, and nothing but pure 
phofphoric acid is left. Hence it is that this is 
the only one of the phofphats from which 
phofphorus can be procured, as in fa£b, after 
it is red-hot, it is Gmply phofphoric acid. 

The fulphuric, nitric, and muriatic acids 
•decompofe this fait entirely. 

Phofphat of ammonia is ufed conflderably as 
u flux for earths and oxyds, efpecially in ex- 
periments with the blow-pipe. It becomes in 
thefe cafes oiily a convenient mode of apply- 
ing phofphoric acid, as the' alkali is totally 
•expelled. 

pHospHAT OF Soda and Ammonia. Micros 
€^mic falt ^ or Fuftble fait of Urine . 

When any liquid containing phofphoric acid, 
foda and ammonia (fuch as urine is) is evapo- 
rated and its faline contents obtained by cryf- 
tallization, thefe two phofphats^ or a portion of 
one or other of them, unite in a triple fait, 
which is the one in queftion. It will be further 
noticed under the article Urine^ whence it w;is 
jat Grft obtained, but feme of its properties may 
be mentioned in this place. 

It feems to have no very uniform proportions 
ingredients, for as Fourcroy obferves, the 
Quantity of ammonia is conftantly diminifliing 

fuceeiGve folutions and cryftallizations, . and 
^Ifc acid to which it was united remains, ren- 
therefore the remaining fait more and 


more acidulous; and by long expofure to the 
air the whole ammonia is loft. This^ fait 
when fir ft prepared has an excefs of acid fo 
as to turn fyrup of violets green. It efflorefccs 
in the air. Diftilled per fe it gives an ammo- 
* niacal water, and a little phofphat of ammonia 
alfo rifes. FourcrOy eftimates the proportions 
in ICO parts of this fait to be a« follows: viz. 
of phofphoric acid 32; of foda 24; of ammonia 
19; of water 25. 

Phosphat of Barytes. 

When any alkaline phofphat is dropped into 
a folution of any barytic fait, a heavy white 
powder fubfides, which is the phofphat of 
barytes. The fame may alfo be prepared by 
digefting phofphoric acid with carhonat of 
barytes, or adding this acid to barytic water. 

This fait is infoluble in water either hot or 
cold, and even in phofphoric acid. The 
fulphuric, nitric, and muriatic acids decompofe 
it by fimple eleftive attrad^ion. 

It is fufible at a high temperature, and when 
kept melted dn charcoal by the blow-pipe it 
gives a yellow phofphoric flame. ** 

It is not ufed. 

Phosphat of Strontian. 

This fait may be prepared like the former 
either by double decompofition of the earthy 
muriat or nitrat, or by the diredi union of the 
conftituent parts. It is in the form of a 
white heavy powder, entirely infoluble in water, 
but it differs from the former fait in being 
foluble in an excefs of phofphoric acid. Before 
the blow-pipe on charcoal it melts and gives a 
purple flame. 

It is entirely decompofed by the fulphuric 
acid, but only partially by the nitric and mu- 
riatic acids, and an acidulous phofphat of 
ftrontiap is left. * In this it differs from the 
phofpliat of barytes. , It is conipofed according 
to Vauqueliti of 48.76 per cent, of ftrontian^ 
and 41.24 of phofphoric acid. 

Phosphat of Lime. 

This is by far the moft important of the 
earthy phofphats, and is that which has been 
examined with the moft attention. 

It is found native both as a mineral and as 
a conftituent part of a number of animal organs 
and fluids. The ‘mineral phofphat of lime is 
deferibed under the article Apatity of which 
there are fcveral varieties in the aijiimal king- 
dom. Phofphat of lime is contained moft 
copioufly in Bone^ as has been fulfy detailed 
under that article. 

It alfo forms the a(h or earth that remains 

Vau5[urUa.j; 
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after every foft animal organ has undergone 
the utmou eiTeA of fire ; and it may be de- 
te&ed in folution in a great variety of animal 
^fluids. 

There are at leaft two dates of phorphat of 
lime which (hould be well diflinguifiied. One 
is that in which the conflituent parts are fully 
neutralized fo as to fiiew no m^rks of excels 
either in acid or bafe, and in this date it is 
a white powder^ perfectly infoluble in water, 
nearly infulible, and in appearance relembling 
a fimple earth. This is the date in which it 
exids in bone-aih, of which indeed it forms by 
far the greated part, and was formerly called 
the MrtA of hones. 

The other date which has been known much 
later, and which has never been found native, 
but is only known in the laboratory, is that 
in which tne acid is greatly in excefs, and may 
l>e here termed fuper^phofphat of lime. It was 
fird dete£led in the acid liquor, that is produced 
by decompoling bone-afli by Ailphuric acid, is 
acid to the tade, and in a red heat readily melts 
into a porous glafs. It was at fird midaken 
for pure phofphoric. acid. It is not certain 
however whether the proportion of phofphoric 
acid in this fpccies is condant, or whether it 
does not admit of an indefinite variety. 

We fliall fird deferibe the common or neu- 
tral phofphat. 

Phospbat of Li mm may be obtained quite 
ure either by faturating the pure acid with mar- 
ie and then evaporating; or by wafhing bone- 
a(h with hot water to didolve out any foluble 
fait which it may contain ; then adding a little 
acetous or dilute muriatic acid till the efTer- 
vefcence ceafes to engage the carbonat of 
lime which it contains, and again thoroughly 
edulcorating. 

This phofphat of lime is infufible per fe in 
the mod intenfe heat, the utmod cfFe£l of fire 
being only to reduce it to a porccllaiious frit. 
With vitrefeent mixtures it makes glafies of 
dilKcult fufibility, and more or lefs opake, as 
deferibed in the article Glafs. 

It is entirely infoluble in water hot or cold. 

AU the acids, even the carbonic, a^l upon it 
without difficulty; but probably in a dilFerent 
manner. If fulphuric acid is digeded with a 
very fmall quantity of phofphat of lime a clear 
/olution is effe£^ed, which contains fuJphat of 
lime, and the acidulous or fuper-^phofphat^ of lime, 
and naked phofphoric and fulphuric acid. 'Ilie 
latter acid therefore partiajUy decompofes the 
phofphat; and the fupcr-phofphat, together with 


the fulphat of lime thereby produced, diflblves 
in the excefs of acid. 

When the proportion of phofphat of lime is 
greater, the fame decompoGtion takes place, 
only the greater part of the refulting fulphat 
of lime remains undifiblved, as is the caie in 
the common treatment of bone-afii with ful- 
phuric acid. 

It is afierted by Vauquelin* that the nitric 
and muriatic, and fome other acids, aft in 
the fiime manner on the phofphat of lime, and 
partially decompofe it. It is not eafy however to 
demondratc this, for when phofphat of lime is 
digeded with thefe acids, the nitrio for example, 
a clear folution is made, (every produfk being 
foluble whatever be the mutual aAion of thefo 
fubdances) fo that the folution may either 
contain phofphat of lime fimply diflblved un- 
decompofed oy thefe acids, or it may confift 
of fuper-phofphat of lime, nitrat of lime, and 
nitric acid in excefs. On adding an alkali, pure 
or carbonated, to the folution, a white pre- 
cipitate falls down, which is phofphat of lime 
as before, but it is obvious that the aflion of 
the alkali may be either fimply to precipitate 
the phofphat of lime by fuperior amnity with 
the nitric acid; or, fird to faturate the excefs 
of phofphoric acid in the fuper-phofphat, and 
thus to bring it to the date of neutral phofphat, 
and then to precipitate it by engaging the acid 
which held it in folution. If a pure alkali is 
ufed in this cafe the whole of the phofphat falls 
down; if a carbonated alkali, a part of the 
phofphat remains in folution by the help of 
the carbonic acid. Hence it may be inferred, 
(which is the fadl) that even carbonated water 
will diflblvc phofphat of lime. 

Phofphat of lime is produced alfo by double 
decompofition, on dropping a folution of any 
phofphated alkali into any foluble' calcareous 
folution that has not any great excefs of acid. 
Vauquelin alfo found^ that on boiling phofphat 
of foda with wet and newly precipitated carbonat 
of lime, the fame refult took place, and carbonat 
pf foda with phofphat of lime were produced. 

The oxalic acid added to phofphat of lime 
difiblved in any weak acid feparates almoft the 
whole of the lime in the form of oxalat of lime, 
and oxalat of ammonia appears to feparate 
the whole. From analogy it is probable that 
fulphat of ammonia would have the fame efiefi:. 

The pre^rtion of ingredients in this phof- 
phat as forming bonc-afli, arc ftated by 
Vauquelin to be 41 per cent, of phiofohpric 
acid and 59 of lime. But the phofphat formed 


* Fourcroy SyAcme* ^ Jouro. de« Mines, Ko.37. p.aj. 
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by fatumting phofphoric acid (arifing from the 
oxygenation of phofphorus by combuftion and 
nitnc acid) with marble, is ftated by Klaproth^ 
to contain only 30.5 per cent, of acid. 

The ufes of phofphat of lime arc mentioned 
under the article Bone. 

SuP£Ji Phosphat of Lime^ or Acidv- 
Lovs Phosphat. 

The preparation of this fait from bone-afli 
and fulphuric acid has, been particularly men- 
tioned under the article Phofpkortts^ being that 
acid fubftance which was generally miftaken 
for pure phofphoric acid till the nature of 
this fait was explained. 

When diflilled with charcoal all the cxcefs 
of acid, which makes the difference between 
the neutral and the fuper-phofphat, is decom- 
pofed by the charcoal and yields phofphorus in 
proportion, and the neutral phofphat remains 
in tne retort. 

The proportion of acid to lime, however, 
appears to vary confiderably, for Berthollet™ 
found that on wafhing with water the fuper- 
phofphat depofited during the concentration of 
the folution from bone-alh and fulphuric acid, 
it refolved itfelf intef two portions, one of which 
diflblvcd in the water and the other not. 

This fuper-phofphat of lime is prepared with 
moll accuracy by digefting phofphat of lime in 
phofphoric acid till it is laturated. This folution 

? de!ds the fait by evaporation in the form of 
mall Alining fcales or lilaments* which have 
almoft a gelatinous confillence, and a very 'four 
tafle. This is the ftatc in which the phofphat 
of lime is contained in frefli urine. This fait 
is fomewhst deliquefeent, is foluble in water, 
more in hot than cold, fo as to cryllallize by 
cooling. When heated it melts, fwclls, and 
finally vitrifies at a moderate red heat. The 
glafs is opake till the fufion is conipleat, and it 
then becomes clear, fo that opacity is not a 
conilant fign of the" prefence of lime, as has 
been fuppofed. This glafs is not in the Icaft^ 
deliquefeent, is infipid, and infoluble in water, 
in all .which circumllanccs it differs frorh the 
vitreous phofphoric acid. Charcoal d^compofes 
it after being vitrified, as much as before, but 
probably with more difficulty. 

The acids probably do not a£l upon this fait 
except limply to diilblve it. All the alkalies and ' 
earths reduce it to the Hate of neutral phofphat 
by faturating the excefs of alkali, and caufe 
the phofphat to precipitate. 

It ;i large quantity of alcohol is added to a 


folution of the fuper-phofphat of lime it takes 
up much of the excefs of acid, without a pro- 
portional quantity of the lime; fo that the 
remainder iS left in a (late more approaching to 
the neutral phofphat. 

The compofition of' this fait when prepared 
by phofphoric acid and phofphat of lime, ac- 
cording to Vauquelin, is 54 per cent, of phof- 
phoric acid and 46 of lime, and of this quantity 
of acid, about 32 parts are required to faturate 
the lime in the proportions ^longing to the 
neutral phofphat, leaving therefore 22 parts of 
excefs of acid, which alone can be decompofed 
by charcoal. Hence, according to this effima- 
tion, ICO parts of the acidulous phofphat will 
yield no more phofphorus than can be obtained 
from 22 parts of pure phofphoric acid. 

Phosphat ©f Magnesia. 

This fait may be prepared either by faturating 
phofphoric acid with carbonat of magnefia and 
evaporating to the cryftallizing point ; or by 
double decompofition, by adding phofphat of 
foda to the fulphat or any other fait of mag- 
nefia. When the two latter are added in a 
confiderably concentrated folution, after fomc 
hours the phofphat of magnefia depolits in 
tranfparcnt and irregular cryftals, and the clear 
liquor contains fulphat of foda. 

This flit requires 50 parts of cold water for 
its folution, but Icfs of boiling water. The 
fulphuric, nitric, and muriatic acids, decompofe 
it entirely, as do the fixed alkalies, lime, barytes, 
and flrontian, but ammonia only partially, 
forming a triple fait. 

Phofphat of magnefia melts in a red-heat 
into a perfeft glafs. 

It is not ufed. 

It is contained naturally in urine. 

Phosphat of Ammonia and Magnesia. 

This triple combination was difeovered by 
Fourcroy in a calculus found in a horfe’s 
intefline, and fince that time it has been de- 
tefted in the bones of mod animals in fmall 
quantity. The mode of analyfis is deferibed 
under the article Bone. It is formed dire£lly 
by adding phofphat of ammonia, or ammonia, 
or its carbonat to phofphat of magnefia; and it 
alfo is depofited by adding phofphat of foda to 
any triple ammoniacal fait of magnefia. On 
this faft Dr. Wollafton has fuggefted a conve- 
nient way of feparating and eftimating magnefia 
when in folution, with or without other earths 
in any acid, which may be here mentioned. 

Add to the folution in muriatic acid (for 


^ Anal. EiTaja vol. 2. P.Z64. 
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example) (bme fuper-carbonat of ammonia^ 
(made by expofing the commpn carbonat to the 
air till it lofes its fcent) which will faturace the 
acid and precipitate the other earths, but not 
tlie magneda, being held difTolvcd by the cxcefs 
of carbonic acid. . To the folutlon^which now 
contains muriat of ammonia and carbonat of 
magnefia,) then add a cold faturated folution 
of phofpliat of foda, and in a very Ihort lime 
the whole will be turbid with a white powder, 
which foon fubfides, and is the ammoniaco- 
tna^ejian phofphat. 

Dr. MarcetP- eftimates tqo grains of this fait 
dried at loo* to contain 19 of magnefia. 

This triple fait is fcarcely foluble in water, 
in which refpeft it differs remarkably from the 
fimplc phofpliat of magnefia. By heat the 
ammonia flies oll^ and it is reduced to the fimplc 
phofphat. 

On difUlling it with charcoal it gives a little 
phofphorus, owing to the decompoiition of that 
part of the phofphoric acid which exceeds the 
proportion belonging to the fimple phofphat of 
magnefia in a given quantity of the fait. 

The ftronger acids compleatly decompofe it, 
and naked phofphoric acid is left in the folution. 
The (ixc'd alkalies and alkaline earths alfo de- 
compofe it, but by expelling the ammonia and 
uniting to the acid, in which cafe the magnefia 
is left uncombined. 

PHOSPHITES. 

Thefe falts refult from the combination of 
the Phofphoreous acid (already deferibed} with 
the feveral bafes, and were frequently con- 
founded with the phofphats, owing to the 
indiferiminate ufe of the acid refulting from the 
flow combuflion of phofphorus and of the fully 
oxygenated acid, till their charactcriflic proper- 
ties were pointed out in a feries of experiments 
undertaken by Vauquelin, and publilhed in the 
Journal de fEcole Polytedmique.** 

The phofphites have fome properties in com- 
mon by which they may be particularly dif- 
tinguiflied from the phofphats. The moft 
ftriking of thefe is that they all yield a fmall 
quantity of phofphorus by difliJlation without 
addition, and when melted by the blow-pipe 
even on an incombuffible fupport, they give 
out a very brilliant light, owing to the excefs 
of phofphorus burning off. 

Thefe falts alfo precipitate gold from its 
folutions in a metallic (late, and detonate by 
percuffion when mixed with oxymuriat of 
potaih. 

Their tafte alfo is not fimply faline like the 
9 AnaljrCt of Brighton Water. 


phofphats, but is mixed with fomething pungent 
and alliaceous. 

It would be fuppofed from analogy with the 
fulphites, tliat ilie phofphites would ftill more 
rapidly than the latter falts, abforb oxygen from 
the air fufficient to complcat their acidification, 
confidering the great cafe with which the firft 
degree of acidification takes place in the air. 
The contrary however takes place, for the 
folutions of the phofphites may remain for 
tnontlis in full contatl with the atmofphere 
before this change takes place, whereas the fame 
change takes place in the fulphites in a few 
days in fimilar civcumftaiices. This difference 
is ingenioully explained by Vauquelin on llie 
known principle in chemical affinity, that any 
decompoliiion is favoured by adding to the 
fubffaiices in aiSIion any body with vvliich tlie 
new compound has an affinity, and of courfe 
the ftronger this affinity is, the more readily 
will the decompontion take placc^ Thus in the 
inftances here mentioned, the complcat oxyge- 
nation of the phofphoreous acid in the phofphitc 
is favoured by the affinity of the phofphoric acid 
(when produced) with the alkaline or earthy 
bails prefent, and the fame with the fulphureous 
and fulphuric acid. But both the a£lual affinity 
of the fulphuric acid with thefe bafes is ftronger 
than that of the phofphoric, and the difference 
between the affinity of the fulphuric and the 
fulphureous acids for the fame bafes is greater 
than that between the phofphoric and phof- 
phoreous, and it is probably from this caufe 
that the com pleat oxygenation of the fulphites 
is fo much quicker than that of the phoi'phats. 

All the phofphites are readily changed to 
phofphats, either by applying a red heat, which 
burns off the excefs of phofphorus, or by 
treating with nitric or muriatic acid, which 
coniplcats their acidification. 

Tiu; alkaline phofphites can only be prepared 
by fhe dired combination of the bafe with the 
pliofphoreous acid, and not, (like the fulphites 
from the fulphats) by deoxygen a tioii of the 
phofphats by carbonic matter. 

The individual phofphites may be briefly 
noticed. 

Phosphite of Potash. 

This fait eafily cryftallizes on cooling a hot 
faturated folution of it, and takes the form of a 
four-filled prifm with a dihedral fummit. 

It is foluble in three parts of cold water, and 
lefs of boiling. When heated to rednefs the 
excefs of phofphorus burns off, and the refidue 
which is an opake glafs, is fomewhat alkaline. 

« 4tii Ciihlcr. p. 655, 



PHO 


PH O 


( 254 ) 


It is compofed^ according to Vauquelini of 
49*43 per cent, of potaihj 39*47 of j^hoijpho- 
rcous acid; and ii of water of cryftallization. 

Phosphite op Soda. 

This fait is prepared like the laft-mentioncdt 
but chiefly by the help of evaporation. Two 
parts of cold water diflblve it, and fomewhat 
lefs of boiling. The folution gently evaporated, 
depofits the fait generally in the form of feathery 
cryilals like faUammoniac. 

It is compofed of 23.68 of foda; 16.32 of 
phofphoreous acid; and 60 of water. 

Phosphite of Ammonia. 

This fait has a ftrong pungent tafte, cryftal- 
Hzes in long tranfparent needles that climb the 
fides of the veflel that contains the folution ; is 
foluble in two parts of cold water, and much 
lefs of boiling. 

When heated before the blow-pipe on a 
metal fpoon, * it fwells, boils, and in a few 
feconds gives out a great quantity of phofphu- 
retted hydrogen gas, which takes fire in the air, 
with its ufual appearance of a circular wreath 
of fmokc. Diftilled in a retort, liquid ammonia 
is flrfl difengaged, which is fucceeded by fub- 
phofphuretted hydrogen, which is luminous in 
the air, but does not inflame like the former, 
and finally pure phofphoric acid is left in the 
retort. 

This fait added to nitrat of mercury precipi- 
tates a white phofphite of mercury, which turns 
in the light. 

ofphite of ammonia Is decompofed by the 
fixed alkalies, and alkaline earths, which unite 
with the acid and difengage ammoniacal vapours. 

It is compofed of 5 1 per cent, of ammonia, 
26 of phofphoreous acid, and 23 of water. 

.Phosphite of Lime. 

Phofphoreous acid added to limo water forms 
a white precipitate, which is the phofphite of 
lime, "rhis is hifoluble in water except with 
an excefs of acid, in which cafe it may be 
obtained by evaporation in hard minute cryftals. 
This fait is decompofed by mod of the mineral 
acids, and by thofe vegetable ones that pro- 
duce an inibluble fait with lime, fuch as the 
oxalic, citric, and taVtareous. Phofphite of 
lime is compofed of 51 per cent, of lime; 34 of 
acid; and 15 of water. 

Phosphite of Barytes. 

This, like the former is infoluble in Vater 
without addition, though not abfolutely fo, fince 
when digefted in water, lime water added to 
the clear liquor caufes a cloudinefs, owing to 
the decompofition of the phofphite of barytes, 
and formation of phofphite of lime. The mlu- 


billty of phofphite of barytes much increafes-bf 
an excefs of acid. This fait is decompofed hf 
oxalic acid, which forms a cryftalline d6pofit of 
oxalat of barytes after remaining with it for 
a time. 

When phofphite of barytes is heated by the 
blow-pipe it becomes luminous, as all the 
phofphites do, but in this initance the light is 
fo dazzling that the eye cannot fafely bear it. 

It is compofed of 51*23 per cent, of baryte$| 
41.77 of phofphoreous acid; and 7. of water. 

Phosphite of Magnesia. 

This flit, like the laft, is fcarcely foluble 
except with excefs of acid* It is compofed of 
20 of magnefia; 44 of acid; and 36 of water. 
The fixed alkalies and the alkaline earths de- 
compofe it entirely, but ammonia only partially, 
and forms with the remainder a triple fait. 

PHOSPHORUS Cantons \ See 

PHOSPHORUS Baldwins f Phosfhori. 
PHOSPHORI. 

In the preceding defeription of Kunckel’s 
phofphorus we have mentioned that when ex- 
pofed to the air at the common temperature, it 
gives out a very confiderable quantity of light 
without any fenfible emiflion of heat. Now 
there are many fubflanccs which, however dif- 
ferent from common phofphorus in other re- 
fpects, agree with it in prefenting the above 
phenomenon under particular circumftanccs, 
on which account they are all popularly clafled 
together under the general term Phofphoru Of 
thefe we fhall now proceed to mention the 
principal fadls that have been as yet difeovered. 

There are three leading divifions of phofpho- 
refeent fubftances. 

The firft comprehends thofe which require a 
previous expofure to the folar or other light in 
order to become luminous; whence they are 
called ^olar phofpbori. 

, The fecond includes thefe which without any 
ncceflary previous expofure to light become 
luminous when moderately heated; PboJ^hori 
from heat. 

The third includes thofe fubftances, belong- 
ing to the animal and vegetable kingdoms, 
which emit light fpontaneoufly at the common 
temperature without the neceflity of previous 
expofure to light; spontaneous phofphori. 

$ I . Solar phofpbort. 

A cafual difeovery by Vincenzio Cafcariolo, 
a (hoe-maker of Bologna, about 1630, was the 
first circumftance that attra£ted the notice of 
philofophers to this curious fubje£t. This 
man being in queft of fome alchemical fecret 
was induced to calcine a parcel of Bolognian 
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fear, (a fubfpe^cies of heavy spah, or native 
' felpKat of barytes) which he had procured 
from Monte Paterno in the neighbourhood of 
the city; and obferved that whenever this fub- 
ftance mus prepared was placed in a dark room, 
after having been expofed to the fun, it conti- 
nued to emit faint rays of light for fome hours 
afterwards. In confequence of this interefting 
difeovery the Bolognian fpar came into confi- 
derable demand among natural philofophers, 
and the curious in general, fo that the beft 
method of preparing it became an obje£fc of 
even fome pecuniary importance. The family 
of Zagoni were the moil fuccefsful in this pur- 
fuit, and in confequence furniihed large quanti- 
ties of Bolognian pioofphorus to all parts of Eu- 
rope till the fubfequent difeovery of more pow- 
erfel phofphori put an end to their monopoly. 
The particular procefs employed by the Zagonis 
is not known, but we learn from Kircher that 
if the mineral is finely pulverized and then 
beaten up into a pafte with white of egg or 
linfeed oil, and calcined in the open fire, it will 
after expofure for a minute to ttie light exhibit 
its phoi'phorefcent quality. Many years after- 
wards Marggraaf in analyfing other varieties of 
fulphated barytes found that they were all ca- 
pable of being made into phofpnori by form- 
ing them, when pulverized, into thin cakes 
with gum tragacanth or other mucilage, and 
then carefully calcining them at a red heat. 
Some management however is requifite in con- 
du^ling the calcination that it may neither 
too much nor too little, by either of which 
faults the luminous quality is very materially 
injured. 

In the year 1677, or nearly half a -century 
after the difeovery of the Bolognian phofpho- 
rus, G. A. Baldwin, a native of Mifeia, ob- 
ferved that if nitrat of lime was evaporated to 
drynefs and then formed into a compaA mafs 
by fufion at a red heat, it would exhibit the 
fame property of imbibing and emitting light as 
the former only fomewhat inferior in degree; 
hence this preparation obtained the name of 
BiJidnmrfs phofphorus. 

No other difeovery of much moment was 
made on this fubjed till the year 1730, when 
M. du Fay, fo celebrated for his eledrical re- 
fearches, turned his attention that way. He 
obferves that all earthy fubftances fufcejmble of 
calcination either by mere fire or when ailifted 
by the previous zdtion of nitrous acid, pofleffed 
the property of becoming more or lefs luminous 
when calcined and expofed for a ihort time to 
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the light. Tliofe that exhibited t|iis quality !ik 
the greatell perfeQion were found to be lime- 
llone and many other kinds of carbonated lime, 
gypfum, and particularly the topaz ; fome dia- 
monds were alfo obferved to be luminous by 
fimple expofure to the fun s rays without being 
previoufly ignited; but flint, fand, jafper, agate, 
and rock-cryllal, were found to be incapable of 
becoming pnofphorefcent. 

Shortly after thefe interefting difcoveries of 
M. du Fay the fubje£l was taken up by Beca- 
ria*, who greatly enlarged the lift of pnofpho- 
refeent fubftances and found that a vail variety 
of bodies were convertible into phofphori by 
the mere light of the fun; this he obferved to 
be particularly the cafe with regard to the dif- 
ferent varieties of carbonat and fulphat of lime, 
organic animal remains, and geodes lined with 
minute cryftals of quartz; moft compound 
falts when clear and cryftallized, particularly 
Glauber’s fait, nitre, and oorax, were alfo found 
to be phofphorescent; of vegetable fubftance7» 
all the farinaceous and oily feeds, all the gums 
and feveral of the refins, the white woods, and 
vegetable fibre either in the form of paper or 
linen, alfo ftarch, and loaf fugar, proved to be 
good phofphori after being made thoroughly 
dry and expofed to the direA rays of the tun; 
fundry animal matters by a fimilar treatment 
were alfo converted into good phofphori, par- 
ticularly bone either' firelh or calcined, finew, 
glue, hair, horn, hoof, feathers, and ftiells of 
ni^. He alfo difeovered that this property 
might be communicated to rock cryftal and 
fome of the gems by rubbing them againft 
each other fo as to roughen their furface, and 
then placing them for fome minutes in the fo- 
cus of a lens by which the rays of light were 
concentrated upon them at the fame time that 
they were alfo moderately heated. 

In the year 1768, Mr. Canton^ contributed 
fome important fafls relative to folar phofphori, 
and communicated a method of preparing a 
very powerful one, which after the inventor is 
ufually called Canton* $ phofphorusm It is thus 
made. Calcine oyfter uiells in the open fire 
for half an hour, then fele£l the whiteft and 
lai^eft pieces and mix them with flowers of 
fulphur in the proportion of one part of the 
latter to three parts of the former, pack the 
whole clofely into a crucible, lute on a cover, 
and heat it pretty ftroiigly for one hour; wheia 
the crucible has again oecome quite cold turn 
out its contents, and fele£l the wlmft pieces for 
ufe. • 

» Plia.Tniif, urn. p. 337 . 
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Ttie laft perfbn who has paid much attention the interpofed curtain prevents apy external rayt 
to the lubje£t of folar phofphori is Mr. B. from reaching the eyes of the experimenter, by 
Wilfon, by whofe very able experiments foinc which even the weaked degree of phofphoref^ 
important errors of Becaria have been rectified ccnce will Icarcely efcape his obfervatioii.* 
and to wliom the discovery is due of the lim- LafUy, to provide for a due fupply of frefli air, 
pKdl and mod powerful of all the phofphori two pieces of curved pipe made of any opake 
belonging to this TVHfotCs phofphorus is material fliould be fixed in the door, the one at 

thus prepared. ^Sele«fk a fcore of oyltcr fliclls, the top and the other near the bottom. In a 
the thicker they arc the better, then take molt room thus conftrudled the follow'ing appear-* 
of the flaming coals, but not all of them, olV a ances may be perceived. 

fire that is burning briikly, drew the Ihells over Any of tlie phofphori mentioned above, af- 
the furface and replace the coals that have been ter expofurc to the light for half a minute or 
taken off. In about an hour’s time take out lefs, being introduced into the clofct, will be 
the calcined fiiells obferving to break them as obferved to emit light for a longer or Ihorter 
little as polFible, and after expofiiig them for a time, becoming by degrees more and more dim 
few minutes to the light they will be found to till tlieir luminouuiefs entirely ceafes. To pro-* 
have acquired a high degree of phofphorefcence duce this quality in feme the dirc£t rays of the 
glowing in the dark in a very beautiful manner, fun arc iieccllary, but in others, particularly 
with mod of the prifmatic colours. It is not the calcareous and barytic phofphori, the com- 
however abfolutcly neceflfary that the (hells mon light of day is quite fulficieiit; in all how-* 
Ihould be calcined in the open fire, for if they ever the light is greater when the weather is 
are heated fufficiently in a clofe crucible they dry and warm, than when it is cold- and wet. 
will exhibit prifmatic colours, chiefly blue and The colour of the light in mod cafes is white 
green, though not fo bright as by the former or reddifli white, but in Wilfon’s phofphorus 
method. If the calcination is e/Fe£led in an not only white but all the prifmatic colours 
iron crucible, all thofe parts of the (hells that make their appearance, fometimes being all 
are. in contafl with the (ides of the crucible united in a fiiigle fpecimen, at other times each 
will glow with a red light. The contafl: of piece exhibiting only one or two colours. In 
inflammable matter, and particularly charcoal, every fpecics of folar phofphorus the light after 
with the (hells during their calcination appears having been extinguiflied nuiy be renewed for 
eminently to contribute to the brilliancy of the any number of times without the fmalled appa- 
phofphorus j hence it is that if the (hells are rent diminution of brilliancy by fimple re-cx- 
calcined in a crucible in contafl with thin plates pofure for a few fcconds to die light, 
of deel, the phofphorus thus produced will be If while the phofphorus is prefented to the 
much more bright and of more various colours light it is moderately heated, its luminoufnefs 
than whore plates of iron are employed; and will by this means be very fenfibly augmented, 
on the other hand if flat pieces of charcoal arc Thus if a common box fmoothiiig iron heated 
made ule of, the intenfity of the colours, efpe- in the ufual manner be placed for half a minute 
cially the blue, green, and red, is far greater ona(hcetof dry white paper, and the paper be 
than in thofe produced by the decl. then expofed to the light, and afterwards exa- 

In conducting experiments on folar phof- mined in the dark clofet, it will be found that 
phori, as the light from many of them is very the whole paper will be luminous, that part 
evanefeent, fome contrivance is iiecelTary that however on which the iron had flood being 
they may be prefented to the eye immediately much more fliining than the reft, 
on their removal into the dark, all other light The cflfe£ls of a variation in temperature on 
being at the fame time carefully excluded. For phofphori after having been expofed ^ to the 
this piirpofe it is convenient to have a fmall light are alfo very remarkable* If a thin glafs 
clofet painted black on the infide, and with a time be filled with Canton's or Wilfon's phof* 
black curtain hung up before the door; the phorus, and, as foon as it is brought into the 
window of the clofet Ihould be accurately dark clofet, be plunged half way into a freez- 
doled with a wooden (butter lined with black ing mixture for a few minutes, it will be found 
cloth and a thick curtain of the fame colour, oh again withdrawing the tube that the cold 
In the (butter (hould be a fmall Aider through portion is much lefs luminous than the other» 
which a perfon within the clofet may expofe and if the freezing mixture has been fufficiently 
any fubftance to the light, m the fame time that powerful, it will m entirely eztinguilhed* This 

^ Wilfoa oa Pbofpbori, pt aOb 
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iiowever is by i|0 means an exhauftion but only the dark^ correfponding to thofo which they re-^ 
a fufpenfion of the luminous property, for as ceive from the Tun, with the interpofition of a 
the dark part of the tube begins to acquire the plate of coloureil glafs. Many doubts however 
temperature of the fuvroundiiig air its light wilK have arifen as to the accuracy of the fa£l hero 
return, and it will continue to fliine longer than mentioned. Du Fay's experiments made be* 
the other part of the tube ixi proportion to the fore tliofe of Becaria, lead to a dirc^^ly oppofite 
time that it was kept in the freezing mixture, rcliilt, the light cmitteil by the pliofphorus be- 
Hence it may be inferred, that at a very low iiig of tlie fame tint whatever was the colour 
temperature the preftnt clafs of folar pholphori of the glafs through which the rays pa(ll«d to 

"would ceafe to exift. the phofphorus. In like manner M. Bouniot 

As cold retards fo heat quickens the enilflion on repeating the experiments of Bccaria, en-* 
of light from phofphoric fubftances. Thus if tirely failed in producing the ededls faiil by tl>e 
the tube mentioned in the lali paragraph, be latter to have taken place; nor was M. Magel- 
dipped half way into boiling w'liter, a great in- Ian more fuccefsful. Mr. Wilfon has examinod 
creafe of brightnefs will be perceived in the this part of the fubjed confidcrably at length, 
immerfed portion, which in a minute or lefs with the following refuits.* A piece of pre- 
will be fucceeded by entire darknefs, while the pared oyfler fliell which by expofure to the 
part not heated will flnne much longer, though common light gave out a white light was at 

with lefs fplendor. different times placed in the folar rays witli the 

If any of thefe phofphori after having been interpofition of a plate of red glafs, and after a 
kept in the dark till it is totally extinguifhed, be few feconds was haftily transferred into the 
placed (witliout any further expofure to the dark clofet, but though the experiment was re- 
light) in the warm hand, its luminoufnefs will peated feveral times, not the fmallcfl approach 
be for a fhort time renewed ; if after the towards a red colour was perceived in the light 
warmth of the hand has ceafed to produce any of the phofphorus. The tame phofphorus was 
efFc£l, it be placed in boiling water, a further now expofed to the different coloured rays of 
emiilion of light will take place, and finally it the prifmatid fpc6lrum, but whatever was the 
may be entirely exhaufted of its light by being colour of the ray in which it was placed, the 
placed on a metallic plate, heated nearly to red- fame tint of white light was vifiblc in every ex- 
nefs. Hence it appears that there are two periment. 

caufes of the extraordinary brightnefs exhibited Another piece of phofphorus difpofed to 
by folar phofphorus when ftrongly heated im- fhine with a red light was now felcAed and ex- 
mediatcly on being introduced into the dark pofed, firfl to the common light and afterwards 
room; in the firft place there is a ^^reater quan- in fucceffion to the dilferent refracted rays at 
tity of light adlually given out, j^nd, fccondly, feparated by the prifm, when it was found that 
the wliole is difeharged in perhaps a twentieth the phofphoric light was much intenfe when 
of the time in which even a part would be excited by white light, and by far the leafl 
exhaufted at the common temperature. when excited by red light; the violet rays cx- 

With regard to the origin of the light in cited a degree of red light lull ten times as 
thefe fubftances there are two theories.- Ac- great as the red rays did. Another Angular 
cording to the one it is Amply the folar light circumflancc was, that if the red prilVnatic rays 
which has been previoufly imbibed by them; were thrown upon the phofphorus already made 
and according to the otlicr it is the inherent luminous by the violet rays the immediate cf- 
Kght of the phofphoric fubftance itfelf. In fc£l: was a remarkable deterioration in the tone 
favour of the mft hypothefis it may beobforved of the colour, fo that it was fcarcely more bril-? 
that the phofphorefcence cannot take place liant than when excited by the red rays. In 
without previous expofure to the light, and that like manner the red and yellow prifmatic rays 
the period of its greateft brilliance is the mo- were found to excite the pliofphorelVence in a 
ment of its being placed in the dark, whence it piece of foell difpofed to emit blue light, with 
regularly and rapidly diminifties till it is totally much more energy than the blue or violet rays 
extinguifiicd. But the ftrongeft proof of tlie themfelves. 

truth of this theory is an experiment related by Thefe fingular faffs appeat* fcarcely recon- 
Becaria, in which he affirms, that thofe phof- cilable to the hypothefis of the phofphqvefccnt 
phori which under the ufual circumftanccs light being merely that which lias been previ- 
iomit a white light, give out coloured rays in oufly imbibed from the fun, yet on the other 

* Wilibo on Phoiphorvf, 97« 
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hand they by no means prove that it is properly 
inherent in the phofphoric fubilance itielf. 

The folar phofphori are not only capable of 
being excited by the rays of the fun but by any 
other light that is fufficiently powerful^ and 
thofe phofphorefcent fubftances which Ihine 
with •the ^eateft brilliance by expofure to the 
light of dsLYf are, as might naturally be ex- 
pe£ted, moft eafily excited by other luminous 
bodies. The rays of the moon even when con- 
centrated in a lens appear to be incapable of 
illuminating even the moft fenflble kinds of 
phofphori. The light of a bright candle, or 
the momentary flam from the explotion of a 
little gunpowder, or from an eleflrical dif- 
charge, are fuificient .to render Wilfon’s phof- 
phorus, when well prepared, very vifibly lumi- 
nous. ^ 

It is not very certainly known what is the 
offedl of the difierent gafles on the luminous 
property of thefe bodies. According to fome 
obfervers, a piece of calcareous phofphorus, 
when placed in the receiver of an air-pump, 
becomes rapidly lefs luminous as the air is ex- 
baufted, but according to others the rate at 
which the li^t fades is not more rapid than 
nfual. We have the refpe^able authority of 
Mr* Canton, for ftating that his phofphorus in- 
clofed in a glafs flalk, and hermetically fealed, 
retains its property of becoming luminous for 
at lead four years, without any apparent de- 
creafe of a£livity. 

a. Phofphori from heat. 

Befides thofe fubftances that are phofphoref- 
cent by expofure to the rays of the fun, there 
are otners which give out light when Amply 
heated. Thefe materially differ from the former 
in this circumftancc, that after having been 
continued at any particular temperature till 
their luminoufneis is exhaufted, they are inca- 
pable of becoming again luminous, except at a 
greater heat than that to which they were 
ftrft fubiefled. The range of temperature at 
which mefe bodies become luminous is not very 
extenAve, commencing at about 4.00* Fahr. 
and terminating at the loweft viAble red heat. 
In fome of thefe phofphori the light is almoft 
momentary, but in others it endures many 
minutes. 'Fhe intenAty of the light appears to 
undergo no fort of alteration whether the body 
that emits it is in a Torricellian vacuum, or 
plunged in any of the natural or artiAcial gaAes. 
The following is a lift of the fubftances exhibit- 
ing this property, arranged by Mr.'T. Wedge- 
wood according to the brilliancy of their light.® 


That variety of the bluefluor of Derbyftiire 
which when feraped or (truck emits a fetid 
bituminous odour, is the moft phofphorefcent 
by heat of all the known fubftances; it glows 
when moderately heated with a pale emerald 
green light fufficiently intenfe to be very viAble 
even in day light, To the fecond rank belong 
the common Swineftone, the common blue 
fluor, and red felfpar, all thefe as well as the 
following exhibit a white or reddifh light. The 
third clafs includes the diamond, the ruby, 
carbonated barytes, chalk, colourlefs calcareous 
fpar, fea (hells, granite, and white fiuor. 
The fourth clafs comprehends white fand, car- 
bonated magneAa, heavy fpar, fiint, white 
marble, quartz, porcelain and earthen-ware. 
The fifth clafs includes moft of the metals, 
fulphat of potafh, borax, white paper, white 
linen, fawduft and afbeftos. Under the Axth 
^and laft clafs are comprehended oil, wax, 
fpermaceti and butter when boiling or nearly fo. 
To exhibit the luminous property of thefe bodies 
in the greateft perfection, the harder ones 
Ihould be reduced to a very coarfe powder and 
fprinkled in a dark room on the furface of a 
thick metallic plate heated below rednefs. A 
very ftriking exhibition of the phofphorefcence 
of the fetid blue fiuor may be made by heating 
fome oil in a clear fiaCk till it becomes luminous, 
and then dropping in about a teafpoonful of 
pulverized fiuor: the inftant this latter comes 
in contact with the hot liquid a bright fiafh of 
green light is given out, which may b^e renewed 
lor many times by repeatedly (baking the vefiel. 

Moft of the above mentioned fubftances are 
phofphorefcent alfo by fri£lion, which is af- 
cribed by Mr. Wedgewood to the heat produced 
on this occaAon ; in fome inftanccs it may, yet as 
there are certain bodies, fuch as Tremolite and 
a particular variety of blende, which give out 
much light even from the fcratch of a pin, the 
luminoufnefs in thefe cafes can hardly have 
been excited by the reaflion of the trifiing 
quantity of heat thus produced. Mr. Davy has 
sdfo obferved that if fiuor be heated till it ceafed 
to become luminous, it is (till capable of pro- 
ducing light by collifion. 

$• 3* Spontaneous Phojphoru 

In this fedion we mean to include certain 
animal and vegetable fubftances which at a 
particular period of their fpontaneous decompo- 
fitioii become luminous. In animal fubftancea 
this phofphorefcence makes its appearance be- 
fore the commencement of putrefaAion, aniL 
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ceafes when the latter is complcatly eftabliflied. 
The ile(h of birds has we believe never exhibited 
this phenomenon, and that of quadrupeds but 
rarely. Several fpecies of infe£ls are luminous, 
as the common glow worm, the fire flies of 
America, and the fulgora of China ; alfo a kind 
of crab, (the cancer fulgens) a few fiicU fifli, 
and fome of the marine mollufcse: tliefe how- 
ever are luminous not merely during the period 
juft mentioned, but alfo when alive. The flcfli 
of a few frefli water fifli efpecially the carp, and 
of the tadpole, but not of the frog, becomes 
luminous before' putrefa6Hon. But the flefli 
of fait water fifli more than all other fubftances 
is peculiarly rich in phofphorcfcent matter, and 
accordingly has been the principal fubftance on 
which the following experiments have been 
made. Of vegetable matters that become lu- 
minous the principal is decayed wood; peat 
alfo, though ve^ rarely, hase xhibited a fimilar 
appearance. The chief obfervers who have 
turned their attention to this fubjeffc are Boyle, 
Canton,^ and Dr. Hulme.® 

The only laboratory required for thefe pro- 
ceflfes is a dark room, and the only preparation 
of the fifli is that they Ihould be gutted and 
fplit, and their fcales taken oflF. Ine herring 
feems to afford more light than other fifli. 

The time which fea fifli, as frefli as they can 
commonly be procured in a market, take to 
become luminous is about 12 hours or lefs: the 
phofphorefcence is faint and partial at firft, but 
foon fpreads over the whole furface, and be- 
comes very bright before any putrefaAion comes 
on ; in proportion as this latter ftate is eftablifli- 
ed the fight becomes more faint, but does not 
entirely difappear in lefs than four or five days: 
the luminous matter may be feraped off with a 
blunt knife, and will continue to fliinc for a 
confiderable time. But though the emiflion of 
light diminiflies as putrefa£l;ion increafes, there 
appears no neceffai^ connexion between the 
two proceffes, for if a piece of herring is put 
into a brine confiding of i part by weight 
common (kit and 8 parts water, it will be 
found in about 24 hours that the liquor when 
agitated is (lightly luminous, and during the 
two fucceding days its brilliancy will incroafe; 
then declining, it will become wholly extinft 
in three or four days more, and at the end of 
tliis period both the flelh and brine will be 
entirely free from any putrid’ fmell. The 
fulphats of foda or magnefia employed in tlie 
fiune proportions as common fait will produce 
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fimilar effeAs, only the phofphorefcence wiH 
not continue fo long. 

The phofphorefcence is deftroyed by im- 
merfion in pure water, in lime-water, carbonated 
water, and liquid fulphurettcd hydrogen, alfo 
by fermented liquors, by alcohol, by the mi- 
neral and vegetable acids, and by the alkalies, 
alfo by faturated folutions of thole neutral falts 
which when moderately diluted contribute moft 
eminently to its prefervation. Hence if feme 
of the luminous matter be feraped from the 
furface of the fifli, and well Ihakeii in a dilute 
folution of common fait, Glauber’s fait, &c. 
the whole will appear richly luminous, but by 
then adding a fulliciency 01 dry fait to fat urate 
the folution, the light will be extinguiflied: in 
this cafe it is however only latent, for by pour- 
ing in pure water enough to reduce the ftrength 
of the faline folution, the light rc;ip|>v:ars as 
before, a fubfequent. dofe of fall i^iil again 
extinguilh it, and more water will rcftorc its 
luminoufnefs. 

The produftion of this phofphoric lli bt dors 
not afford any heat afccrtainablc by the ther- 
mometer. By expofure to a freezing tempera- 
ture the light is rendered latent, but it is wholly 
deftroyed when plunged into boiling watery a 
confiderable warmth however obviouily increafes 
its brilliancy. 

It appears that this light cannot bo iirodiiccd 
except by the contaft of atmofphcric air, yef, 
when once excited it is not increafed by being 
placed in oxygen gas, or impaired by azot. 
When put into the receiver of an air-pump it 
becomes faint, and is at length extinguiilivid as 
the exhauftion of the vcflel proceeds j the re- 
admiflTion of air reftorcs its formr?r brightnefs. 
Nitrous gas, carbonic acid, hydrogen, .mJ 
fulphurettcd hydrogen totally and itiftantancous- 
ly extinguifli it. 

The light of dead glow-worms, and of rotten 
wood follows nearly the fame rule with rcganl 
to the a£tion of temperature and the gafles as 
fifli light does, but' it feems to be litlle afle<n:od 
by pure water and various faline folutions which 
have fo ftriking an a<fI;ion on the latter. 

HOSPHURET "I See 

HOSPHURETTED y Phosphorus 
HYDROGEN J (Kunckers.) 
PIERRE PONCE. See Pumice. 
PISOLITE. See Limestone. 

PITCH: See Turpentine. 

PITCH, JEW’S. See Bitumen.. 

t Diuo, xc. p. k6i. sd. p. 403, 
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PITCH STONE. Piern di Potx^ Fr. 
Pecl 0 ein^ Germ. ' 

I'he colour of this mineral is very variouSf 
being grey and green of various (hades, alfo 
honey yeltow, liver brown, blood and brick 
red. U*he colours are generally pale, and not 
unfrequcntly arranged in bands. It occurs in 
mafs. Internally it is ufually (liinlng, with 
rather a faint grealy lullrc. Its fradure is 
imperfedlly conchoidal, pafling into fplintery, 
• and in proportion as it does fo its luftre is 
fainter, and it ^approaches to hornftone. Its 
fragments arc indeterminately angular, fliarp- 
edged. Sometimes it occurs h\ finouth granular 
^iftindl concretions. It is ufua ly tranflucent 
only at the edges, the black varieties arc opake. 
It is confiderably hard, brittle^ and eadly frang- 
ible. Sp. gr. 2.3. 

It is fulible before the blow-pipe into a 
white, fomewhat porous enamel. According 
to Wiegleb, the pitchftone of Meiflen in 
Saxony is compofed of 

64.58 Silex 
15.41 Alumine 
5. Oxyd of Iron 


84.99 

• 15.01 lofs 

Pitchftone occurs in rnountain mafles, and 
itven conftitutes entire mountains, and it forms 
bafe of a particular kind of porphyry. 

It abounds in Saxony, Hungary, Siberia, 
'and other mountainous diftri£l:s. 

It is not unfrequcntly confounded with 
hornftone, and femi-opal. 

PLASMA. Wern.^ 

'’f'he colour of this mineral is green of various 
(hades mixed with brown, and the whole ar- 
ranged in dots, clouds and bands. It occurs in 
mafs, and in angular and rounded > fragments 
inclofcd in talc or fteatite. It has a feeble 
^reafy luftre both internally and externally. 
Its frn£Vure is conchoidal pafling to fine fplintery. 
Its fragments are indeterminate and fliarp-cdgcd. 
It is tranflucent, and in thin pieces femitraiif- 
parent. Its hardnefs i^ nearly equal to that of 
Chalcedony; it is brittle, anci cafily frangible. 

Its proper geological fituntion has not as yet 
been afeertained ; neither has it been fubmitted 
to chemical analyfis. It is not uncommon in 
Italy and the Levant: it occurs near Bojanovitz, 
in Moravia, imbeddeit in ferpentine, uud near 
Toeltfya in Upper Hungary, in rounded pieces 
with hornftone. Sometimes it combines with 
heliotrope and chalcedony, forming* agate* 


PLATINA. Le Plaiine, Vr. Dtr Platin^ 
Germ. Aurum alburn^ Waller. 

5 I. Ores. 

This metal has hitherto been found only in 
one ftate in which according to moft mineral- 
ogifts aud chemifts it is confidered as native, 
though Prouft is inclined to coniider it as in the 
Hate of fulphuret. From this latter opinion 
wc Ihall take the liberty to diflent, and (hall 
accordingly deferibe this fubft^nce as 

Native PlatiMa. 

The colour of this mineral is between (liver 
white and fteel grey. It comes to Europe only 
in the form of flat and more or lefs rounded 
grains, from the fize of a pea, which is rare, 
to that of fine fand. The furface of the grains 
is moderately fmooth, and they polTefs rather 
a low degree of metallic luftre : by fri£lion this 
brightnefs approaches to that of poli(hed iron : 
its hardnefs is greater than that of copper: it is 
confiderably du£kile, and very flexible when in 
thin plates. Its fp. gr. is variable, but is 
feldom lefs than 16.5, or greater than 17.2. 

It is infufible before the blow-pipe, and is 
infoluble in acids, except the oxymuriatic or 
nitromuriatic; from its folution in this latter it 
is precipitable by muriat of ammonia, but not 
by green vitriol. 

Nothing is as yet known of the geological 
(ituation of this fuDftance except that it accom- 
panies gold. It is found in the Rio del Pinto, 
and near Choco in the Viceroyalty of Peru, and 
near Carthagena in New Granada. 

A variety of the above in fm aller grains and 
of a darker colour, is alfo met with. 

Flatina was (irft brought into Europe in 1749, 
by Mr. Chas. Wood, alTay-mafter of Jamaica, 
and in the fucceeding year, fpccimens were 
prefented by Dr. Brownrigg, to the Royal 
Society. Thefe came from Carthagena, from 
which place alfo were difperfed through the 
Spanifli Weft Indies, various toys and trinkets 
confiding of this metal alloyed with fome other, 
probably filver, as the price of the alloy was 
nearly equal to that of this latter metal. 

Mr. Wood and Lewis began the inveftigation 
of the properties of this new fubftance in the 
very year in which it was imported : . it then 
employed the abilities of Schaefler, Marggraaf, 
^ergman, Macquer, and fieaume; and more 
recently of Delifle, Morveau, Jeaiiety, Vauquelin 
and Fourcroy, Defcotils, Muflin Pufehkin, 
Prouft, Tennant, Chenevix and WoUafton. 
M^ny difficulties however yet remain to be 
overcome before the chemical hiftory of this 
fubftance can be eompleated. 
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^ 2 - Anal^i of the Ore* 

As all tlic platina which comes to Europe has 
previoufly^ undergone the procefs of amalgama- 
tion in S. America, it generally happens that a 
fmall variable quantity of mercury remains in it, 
foinctimcs in very fmall diitin£l globules, but 
more generally combined with gold into, an 
amalgam. The eaficll way of feparating the 
mercury is to drive it off by heat, eitlier in an 
open hwlle or in an earthen retort, according as 
tliis fubftance is or is not to be retained* 
When the mercury is tlius got rid of, the 
remaining platina has generally a much yellower 
eaft than before, on account of the particles 
of gold difperfed through it having now ac- 
quired their charaftcrillic colour. The ore is 
now to bo fpread thin on a fmooth table, and 
by the dextrous application of a common pair 
of bellows, the lighter particles may be fopa- 
rateil with very confidcrabic accuracy from the 
heavier ones. The former confill of very minute 
cryflals and fragments of quartz, and of two 
kinds of iron ore in fragments and in fmall 
ortohedroiis: of which Ibme are compleatly 
attraftible by the magnet, (being the magnetic 
iron fund) while the others are not in the Jeaft 
fo, and give out when roafled, a flight fulphu^ 
rcous odour. 

The heavier particles are now to be treated 
with a fmall quantity of a fomewhat diluted 
iiitromuriatic acid, by which the whole of the 
gold will be taken up, with fome iron and a 
very fmall proportion of 'platina and the other 
ingredients. From this folution the gold may 
be thrown down by means of green lulphat of 
iron, and purified by fubfequent fufion with 
a mixtuit; of nitre and borax. The proportion 
of gold contained in crude platina is generally 
pretty confiderable, fo as to render it well 
W'orth the labour of the chemift to feparate it 
if he is poflTcfled of a confiderable quantity. 
From one parcel confiding of loo ounces. 
Proud* obtained 7 oz. of gold, and from 
another like quantity he procured no lefs than 
13 02. The whited platina is the riched in 
gold, the black varieties containing little or 
none of it. 

After the reparation of the gold, the platina 
is to be digeded in nitromuriatic acid, by which 
it will be dilTolved, with the exception of a 
black matter, which was at fird taken for 
plumbago, but which, from- Mr. Tennant's 
recent analyfis- appears to be a compound of 
two new metallic oodies, that have obtained the 
names of ofinium and iridium. 


of muriat of ammonia to the nitro-muriatur 
folution, the greated part of the phiiina is 
thrown down in the form of a yellow powder, 
which is a nearly infoluble ammoniaeo-muriat 
of platina. 'fhe folution is now to be treated 
with zinc, by which all its metallic contents 
except the iron, will be precipitated, and this 
precipitate when walheil is to he digeded in 
very dilute nitric acid: by this mendruum the 
copper and lead ufually contained in crude 
platina will be got rid of, and the remainder is 
to be didblved in nitro-muriatic acid. 'I'o this- 
latter folution common fait is to he added, and 
the whole evaporated to drynefs. This rellduai 
fait contains the 1‘oda-muriats of platina, palla- 
dium, and rhodium, of which the latter alone 
is infoluble in alcohol, and may therefore be 
feparated from the former by means of this* 
fluid. The alcoholic folution now contains 
platina and palladium, from which nearly the 
whole of the former is to be feparated by fal 
ammoniac. The folution being now diluted, 
the addition of prufliat of potaOi will throw 
down the palladium in the form of a dec^p 
orange precipitate, and from the remaining 
liquor when concentrated, the platina may be 
precipitated by muriat of ammonia. 

§ 3. MetJnds of world f/g Plntifia* 

The great iiifufibility of platina, added to the 
ftrong rcfiflance wdiich it oppofes to common 
mcnllrua, long excited the attention of chemifts 
and artilts, and has given bitili to various in- 
genious procefles for condenfing this refraftory 
metal into malleable mafles, and forming of it 
crucibles and other inltruments of material 
fervice to the accuracy and fimplicity of chem- 
ical analyfis. If the largcft and wliitcll grains 
are carefully felcdlod from a parcel of crude 
platina, it will be found that thefe arc confider- 
ably malleable even when cold, and flill more 
fo when hot : alfo if two grains arc laid in 
contadt with each other and then brought to 
the highcll poflible white heat, tliey may be 
made to adhere more or lefs i^orfertly by a. 
(Iroke . with a hammer, and in this way, by 
great patience and great dexterity, it may be 
pradlicablc to form a few grains into a mafs. 
This however is by much too imperfedt and 
tedious a method to be employed with any. 
pradlical advantage. 

It was early difeovered that arfenic combined^ 
very readily with platina, forming an alloy of. 
eafy fufibility, and from the volatility of the^ 
former of thefe metals, efpccially when in con-' 
tadt with charcoalji it was expe^ed that by* 


By the addition 

* Ann. Cbim. zuvUi, p. X48. 
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proper management nearly tKe whole of it 
might be driven off, leaving the platina behind 
ill a mafs, and pofieffed of its chara£lcrillic 
properties. Willis, Marggraaf, AcharcT and 
others iucceeded to a certain degree, and faih ton- 
ed of this alloy crucibles and other chemical 
utenhis, lefs fufible than (ilver, and capable of 
refilling many of the common menilrua. M. 
Jeanety of Paris, a working filverfmith, then 
turned his attention to the fame object, and 
after long praflice and many failures, difeovered 
by far the beft method of preparing and working 
this alloy. The procefs or this artift as reported 
by Bcrthollet and Pelletier, is the following:!’ 

Having firlt ground the crude platina in 
water, and walked it over in order to feparate 
the earthy matters with which it is mixed; 
take three half pounds of the metal, three 
pounds of white arfcnic, and one pound of 
pcarlafh : mix the whole well together, and 
then place in a furnace of any convenient con- 
itrufiion, a crucible capable of holding 20 lbs* 
of the above mixture. As foon as the crucible 
is thoroughly red hot, pour in one third of the 
mixture, and keep llirring it with a rod of 
platina till it comes into a itate of quiet fufion; 
'rhen add another third, carefully llirring it as 
before, and after a while add the remaining 
tliircl, and give the whole a good heat, fo as to 
render it very fluid. Then withdraw the cru- 
cible, and alter it has cooled, gradually break 
It up : there will be found a well formed metallic 
button, covered by blackiih brown fcorise, which 
ads pretty poweitully on the magnetic needle. 
This button being broken to pieces, ^which is . 
readily done on account of its great brittlenefs,) 
is to be again fufed with white arfenic and 
pcarlafh as before, and the metallic mafs refult- 
ing from this fecond fufion is generally incapable 
of ading on the magnetic needle: if however, 
this fiiould not be the cafe, a third fufion with 
arfenic and alkali muil be had recourfe to. 

The firft ftep of the procefs being thus 
finifhed, a flat bottomed cylindrical crucible, 
about 3 inches in diameter is to be made 
thoroughly hot in a furnace, and is tlien to be 
charged with three half pounds of the arfeni- 
cated platina mixed with an equal weight of 
whi.te arfenic, and half a pound of potafh: 
when thefe are well mingled and entirely fluid, 
the crucible is to be removed from the fire, and 
placed to cool in a horizontal pofition, in order 
that the cake of metal may be of an uniform 
thicknefs. The crucible when cold is to be 
carefully broken, and having removed the fcorix, ^ 

> Aa. Chim. 


there will be obtained a cake of metal well 
formed and fonorous, weigliing about three 
ounces more than the arfenicated platina em- 
ployed, and now quite faturated with arfenic: 
there is no danger of incorporating too much of 
this latter ingredient, it being confYantly obferv-* 
ed that the compleatnefs and rapidity of the fub- 
fequent purification is exa£lly in proportion to 
the quantity of arfenic which it has previoufly 
been made to imbibe. 

The metallic mafs thus procured is to be 
placed in a muffle, and the heat is to be 
gradually increafed till the arfenic begins to 
evaporate; the temperature mu ft then be kept 
up as nearly as polliblc the fame for fix hours, 
obferving efpecially not to increafe it left the 
cake melt. At the end of this period the cake 
will have become confiderably porous, and is 
now to be withdrawn and cxtlnguifhed in 
common oil; it is then to be returned to the 
muifle, by which a further quantity of arfenic 
will be evaporated, and this alternate application 
of oil and heating, is to be continued till no 
more arfenic makes its appearance. The fufi- 
bility of the mafs diminifhes as the arfenic is 
got rid of, fo that a much higher temperature 
may be employed in the latter than in the 
former part of this procefs. Having carefully 
burnt off at a high heat all the charcoal 
produced by the decompofition of the oil, the 
fpungy cake of metal is to be digefted in 
nitrous acid, and then edulcorated by repeated 
boiling in water. Three or more of the cakes 
are then to be put into a cylindrical crucible, 
and heated to the higheft poflible degree in a 
powerful furnace: while they are thus rendered 
foft, an iron peftle let down upon them will 
make them cohere: they are then to be with- 
drawn from the crucible, heated to the utmoft 
in a fmith’s fire, and carefully forged like iron 
on the anvil into compafl bars. 

The advantage of this procefs of M. Jeanety 
is its cheapnefs, not requiring the platina to be 
previoufly diflblved in nitro-muriatic acid; but 
on the other, hand, the metal, though ap- 
proaching a ftate of purity, is by no means 
abfolutely pure: it contains a fmall quantity of 
arfenic and iron, together with, probably the 
whole of the lead and copper that may have 
been cafually mingled with the ore, as well as 
the palladium, ofmium, iridium and rhodium, 
and in confequence of this mixture is by no 
means capable of fuftaining the a£lion of 
alkalies and a high heat with fo little injury as 
when more accurately purified. 

xiv. p. sp« 
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^ *The next method which we (hall mention of 
purifying this metal was difcovcred by Count 
Mouilm Poufchkin. ^ It iS ..e{Fe< 5 led in the 
following manner. DilTolve the crude platina 
m nitro-muriatic acid, and throw down the 
platina by muriat of ammonia, and wafh the 
precipitate in a little cold water. Then heat 
the yellow powder in a crucible till it is. decom- 
pofed, and the plarina becomes fpungy and 
returns to the metallic (late: now waHi the 
mafs with hot water, and boil it in very dilute 
muriatic acid, to diilidve out any iron that may 
be cafually mixed with it 5 then edulcorate and 
dry the refidue. Of this reddue take a few 
drams with twice its weight of pure mercury, 
and triturate the mixture in a (lone mortar till 
an amalgam is produced, which may be efFe£l- 
ed without difiiculty, after which by the alter- 
nate addition of mercury and platina feveral 
pounds weight of ingredients may be amalga- 
mated in me courfe of a few iiours. This 
amalgam when firft made is foft, but In an hour 
or a little more acquires a confiderablchardncfs; 
while yet foft therefore it (liould be clofely 
rammed into a tube of wood of convenient (Ize, 
and after it has become hard, the tube with its 
contents may be placed in a muffle, and by the 
time that the wooden covering is confumed, a 
great part of the mercury will be volatilized, 
10 as to prevent all rifle of the bar of platina 
breaking when deprived of the fupport of its 
wooden cafe. The metal is now to be cau- 
tioufly heated till all the mercury is driven off, 
after which it is to be forged in the ufual way 
at the higheft pofflbic heat. 

A (till more Ample and equally efFeflual 
manner of working this metal has been publifhed 
by Mr. Knight. ** The platina being diifolved 
in nitro-muriatic. acid and precipitated by muriat 
of ammonia, the yellow powder hence refulting 
after being edulcorated by waihing in cold 
water is to be thus managed. A ftrong hol- 
** low inverted cone of crucible earth being 
procured, with a correfponding (topper to fit 
** it, made of the fame materials, the point of 
the latter is cut off about three fourths of the 
diffance from the point to the bafe. The 
platina in die (late of a light yellow powder 
IS prefled tight into, the cone, and a cover 
being fixed (lightly ou, it is placed in an air 
furnace and die. fire raifed gradually to a 
ftrong white heat. In the mean^ time the 
conical ftopper fixed in a pair of iron tongs 
fiutable for the purpofe, is brought to a red 
or a bright red heat. The covex; being then 


removed from the cone, the tbnga vrith the* 
** heated ftqpper is introduced trough a hole 
in the cover of the furnace, and prelTed at 
firfl: gently on the platina, at this time in a 
** (late nearly as foft as dough, till it at length 
acquires a more folid confidence. It is then 
** repeatedly flruck with the (topper as forcibly 
as the dature of the materials will admit, till it 
«« appears to receive no further imprelTion. The 
cone is then removed from the furnace, and 
** being (truck lightly with a hammer the platina 
‘‘ falls out in a metallic button, from which 
(late it may be drawn by repeatedly heating 
and gently nammering, into a bar.” 

The laft method that we (liall notice and one 
that has been attended with complcat fuccefs, 
was invented by hir. T. Cock, through whofe 
liberality we arc enabled to communicat'. it to 
our readers.® 

The platina being diffolved in nitro-muriatic 
acid, the liquor is to be fiUered through clean 
white (iiiid, in order to feparate the black 
powder ^which floats among it. The clear 
folution being then dccompofed by fak ammoniac 
the yellow precipitate is to be collected, mode- 
rately well wafhed in warm water and dried. 
It. is then to be diftributed into faucers Whidi 
are placed in a fmall oven conllru£led for tlie 
purpofe, where they are expofed for a (hort 
time to a low red neat in order to bring the 
platina to the metallic (late, and to drive off by 
fublimation the greater part of the muriated 
ammonia. When withdrawn it is a fpungy 
mafs of a grey colour. About half an ounce 
of the platina in this (late is to be put into 
a (Irong iron mould about 2|^ inches long l?y if 
wide, and is to be comprefled as forcibly as 
poflible by (Iriking with a mallet upon ^ woMcn 
peille cut fo as accurately to fit the mould; 
another half ounce is then added and treated in 
the fame manner, and fo on till fix ounces 
have been forced into the mould; a loofe iron 
cover juft capable of flirling down the mould is 
then laid upon the platina, and by means of a 
(Irong ferew prefs, almoft every particle of airis 
forced out from among the platina. This is a 
part of the procefs that requires efpccial care, 
fgr if any material quantity of air is left in the 
mafs, the bar into which it is formed is very 
apt in the fubfequent operations to fcale and be 
full of flaws. The preiTure being duly made, 
the mould is to be taken to pieces, and the 
platina will be. found in the mrm of a denfe 
compad); parallelopiped. It is now to be placed 
in a charcoal forge fire and heated to the moft 


< Nich. Joum. iz, Tillocb Phil. Msf • vi. p. 3. • Original commnmcation* 
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intenfe white heat In order compleatly to drive 
ofF the remaining ammoniacal muriate this bc- 
done it is to be quickly placed on a clear 
bright anvil and gently hammelred in every di- 
redion by a clean hammer. This is to be re- 
peated feveral times, at the end of which the 
mafs will be perfedily compact, and fit to be 
laminated or wrought in any ocher manner that 
the artift chufes. It is to be obferved that while 
the platina is heating it mull lie loofe in the 
fire, for if it were held by the tongs they would 
infallibly become welded to the platina, and 
thus greatly damage it. By the time that the 
platina is thus drawn down to a compact bar it 
will be covered by a fomewhat reddilh femivi- 
treous cruft proceeding chiefly from particles of 
tiie allies molted down upon it and extended 
over its lurface by the hammer. To remove this, 
the bar being made red hot is to be fprinkled 
over with pulverized glafs of borax, and then 
kept for a few minutes at a white heat ; when 
moderately cool it is to be plunged into dilute 
muriatic acid by which the borax and other 
vitreous matter will be dillblvcd, leaving the 
platina with a perfc£Hy clean white furface. 

^.4. Ph^tcal and Chemical Proport ies of Platina. 

The colour of this metal is between tin- 
white and iron-grey. Its dudlility and mallea- 
bility are both very confiderable as it may be 
drawn into fine wire, and be beaten into leaves 
as thin as tin-foil. It poflefles a confiderable 
elafticity, and in liardncfs is not much inferior 
to iron \ hence it may be made to receive a 
high poliili. It is fufible by galvanilVn, and by 
the concentrated rays of the fun, hut is feared y 
to be melted by the most powerful furnace. 
At a full white heat it poflefles the property of 
welding like iron, and two pieces may thus be 
made to unite with perfect accuracy. It is not 
oxydabic by the higheft heat, or the combined 
influence of the air and moiiture 5 hence it is 
enliiled to rank among the noble or perfedt 
metals. 

The only acid menftrua hy which it is capa- 
ble of being dlflblved are the oxymuriatic and 
nitromuriatic acids, the latter being moft com- 
monly employed for this purpofe. Refpefring 
the compofition of this acid and the proportion 
of platina that it is capable of diflblving there 
is very little agreement among chemiils. The 
common method is to prepare the acid by mix- 
ing together equal parts of ftrong aquafortis 
and fuming muriatic acid, and of this men- 
llruum from 16 to 24 parts are required for 

* An. Chlm. xxxviii. p. ^31. * 


the folution of one of platina. By this mode 
of proceeding hoM^ever there is a moft unnecef- 
fary walte of nitric acid, and the folution al- 
ways contains an excefs of acid. A much 
more fatisfadlory rcfult has been obtained by 
Prouft,^ and which appears to be the more 
worthy of credit as it is deduced from fcvcral 
experiments on a large fcale. The acids em- 
ployed by this able chemift were common 
llrong aquafortis of 35® Beaumc, and muriatic 
acid of 15'’. A nitro-muriatic acid compofed 
of thefc in the proportion of 4 oz. by weight 
of the former, and 12 oz. of the latter, being 
digefted on 6 oz. of platina was found to take 
up 17I drachms; the folution being then con- 
centrated by gentle dillillation, the acid liquor 
that came over, weighing 10 oz. i drachm, af- 
ter being ftrengthened by 4 oz. of muriatic 
acid was found to be capable of taking up 
about 81 drachms more of platina. Hence it 
appears that 16 oz. of muriatic acid, and 4 'oz. 
of nitric arc adequate by proper management 
to the folution of 26.| drachms (3 oz. 2| dr.j 
of platina. In general a confiderable quantity 
of acid is loft by the imprudent application of 
heat in this procefs, fo that the beft mode of . 
performing this operation, efpccially when any 
confiderable quantity is employed, is to pour 
the whole of the muriatic acid on the platina in 
a retort with about j of the nitric acid and al- 
low them to a£l: on each other in a moderate 
wMrmth till all cftbrvefcence has ccafcd; then 
to add another portion of nitric acid, and fo on 
till the whole has been made ufc of ; then to 
proceed to dillillation, and after ftrengthening 
the product with frclh muriatic acid to digeft it 
on a freih portion of platina; which being 
compleated both the folutions may be added to- 
gether. If crude or imperfedlly purified platina 
is employed, a portion of black matter will re- 
main undiiTolved, and the colour of the folution 
will approach more or less to a deep orange 
brown inftead of being orange yellow, the colour 
of pure muriat of platina. 

Muriat of ammonia decompofes this folution 
and throws down a triple fait, the ammoniaco- 
muriat of platina, which if pure is yellow, but 
of a brick red if combined with the other me- 
tallic oxyds. This fait is fparinglv fohible in 
boiling watery one ounce of it oeing boiled 
with repeated portions of pure water requires 
between 8 and 9 lbs. for its compleat folutibn.^ 
If the fait is of a brick red colour the folution 
is yellowifh red verging on green, and depofits 
by ftanding a little blade matter, and changes to 

MoufliQ Pottfehkis, Ao. Chim. zziv. p. soy 
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a bright orange colour, from which by repeated 
flow evaporation and cryftallization may be ob- 
tained fmall odlohcdral cryllals of a high topaz 
colour. The yellow ammoiiiacal muriat when 
decompofed by heat leaves behind about 42.5 
per cent, of platina which is rapidly foluble in 
nitro-muriatic acid; the red fait on the other 
hand aiFords about 44 per cent, of metal, which 
is with difficulty ac^ed on by aqua regia, and a 
fmall portion in the form of a black powder 
abfolutely refufes to dillblve. That this red fait 
contains fomc other metal beddes platina is 
further obvious from this circumftance, that if 
the refidiie after its dccompofition by heat be 
placed in a tube heated red hot, and expofed to 
a ilream of oxygen gas, a blue metallic oxyd 
will he volatilized, which appears to be tne 
fame with the iridium of Mr. Tennant. Animo- 
iiiaco-muriat of platina is alfo decompofable by 
oxymutiatic or nitro muriatic acids which deftroy 
th^ ammonia and reduce the folution to Ample 
muriat. It is alfo in part at leail; decompofable 
by the cauftic Axed alkalies and lime-water. 

Potaih is alfo capable of uniting with muriat 
of platina forming with it a triple fait, the 
general properties of which are analogous to 
thofe of the preceedtng. Soda combines in 
like manner with muriat of platina into a triple 
fait. The mod convenient way of preparing it 
is to mix with the muriat of platina a folution 
of common fait, from which by evaporation and 
cooling may be obtained long primis or trian- 
gular tables of the fait in queltion. The colour 
of tills fait if the platina was pure is a bright 
ellow. It is very foluble not only in water 
ut in alcohol, in which it differs from the two 
preceding falts ; it is decompofable by muriat 
of ammonia, which throws down<the ammon:- 
aco-murtat of platina ; it is alfo decompofable 
by the Axed alkalies either pure or cauilic, but 
it they arc added to excefs the oxyd of platina 
is again diflblved by them. When heated be- 
fore the blow-pipe on charcoal this fait boils, 
and is decompofed, the platina being reduced 
to the metaUic (late.^ 

The fulphuric, nitric, and oxalic acids, though 
they have no effe£t on the pure metal, diAblve 
its oxyd and form with it falts that have hitherto 
been very little examined. 

The falts of platina are not decompofed 
either by gallic acid, infuAon of galls, or pruf- 
fiat of potaih. Sulphuretted hydrogen throws 
down a brown precipitate confifting for the 
moil part of metallic platina. 

^ Defcotlli in An, Ch. xlvilL p. 16 ^. 


The aftion of the cauilic Axed alkalies at a 
high heat on platina is confldcrable, the metal 
being corroded and partly diffblvcd, a clrcum- 
flance which con Adorably diininiihes the uie of 
crucibles formed of this fiibilance in the ana- 
lyAs of the nmre vofrartory ftony minerals, 
witre produces a Aiuilar elFeil. Mr. 'ronnant 
found' that hy heating nitre with fonie thin 
pieces of platina in a cup of tl^e fame mctnl, 
the cup was much corroded and the thin pieces 
wore entirely dellroycd. Jiy diffblving the fa- 
line niais in water the greater part of the pla- 
tina was precipitated in the form of a brown 
powder, 'rhis powder was entirely foluble in 
muriatic acivl, and coiiAdcd of oxyd of platina 
combined with potaih. Part of the platina was 
retained by the alkaline folution to which it 
communicated a yellowilli brown colour. On 
the aildition of an acid an infolubic triple fait 
was produced confiding cf oxyd of platina, pot- 
alli, and the acid employed. 

Platina combines by fuAon with many of the 
metals. With gold it forms an alloy that has 
been already deferibed. With filver it com- 
pofes a moderately eafily fufiblc alloy, of a AI* 
very wdiite colour, confitlcrably malleable, and 
capable of a high poliili ; but when heated red 
it Dccomes of an iron-black colour, bliiters and 
throws ofF fcales fo as to render it incapable of 
being wrought. A remarkable property of this 
alloy is that it is very apt on confolidating from 
fufion to become entirely covered with a fort 
of imperfedb cryflallization, thus becoming as 
rough as the coarfcll Ale. Lead combines 
without difficulty with platina at a full red licat, 
forming a fomewhat malleable alloy of eafy 
fufibility; by cupcllation a coiiAdcrable portion 
of the lead is worked olF, but t!ic remaining 
alloy is too fuAhJe and too caAiy acled on by 
mendrua to enable it to fupply the place of 
pure platina as a material for crucibles, dec. 

The fpungy metallic mafs rcniai iing after 
the decompofition by heat of the ammoniaco- 
muriat of platina enters readily into combina- 
tion with mercury, as wc have already n'.cnti- 
oned, forming an amalgam. If inflead of the 
platina, the triple fait itfcif is triturated in an 
earthen ware mortar with an equal weight of 
mercury, the fait in a fliort time, accordi.igto 
Mouffin Poufehkin, lofcs its orange yellow co- 
lour, and paflei Ar(l to brown and then to 

f reenifli brown; a fccond portion of mercury 
rings the v/hole to the ftate of a grey powder, 
a third caufes a commencement of amalguma- 
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tioti} and by the time the fixth is added the 
amalgam is compleated. If the amount of 
mercury is even nine times as great as that of 
the fait the amalgam will* ftill be very iliiF and 
tenacious, arid as brilliant as the beft amalgam 
of tin. It is a remarkable property however of 
this mixture, that if it is triturated for a few 
minutes with water, or rubbed in the palm of 
the hand, it is rapidly converted into a grey 
powder which is oxyd of mercury, with fev era 1 
brilliant particles of platina difperfed through 
it, and a little running mercury ufually alio 
makes its appearance. This grey powder by 
fubiimation in a retort, furniihes metallic mer* 
cury, and a little calomel > 

Platina is not .capable of combining with ful- 
phur, but unites readily with phofphorus, from 
which it cannot be feparated by mere heat. 

4. Oftnium^ Iridtum^ Rhodium and Palladium. 

Of the above four new metals which have 
recently been difeovered in crude platina fo 
few particulars have as yet been obferved that 
we nave thought it moft advifable to treat of 
them in an appendix to the article platina. 

It has been already mentioned that in dif- 
folving crude platina in nitro-muriatic acid, a 
black powder is feparated which has been fup* 
pofed by fome chemifts to be oxyd of iron, by 
others nas been conddered as plumbago, but 
has been lately difeovered by Mr. Tennant to 
contain two new metals. If in treating the 
crude platina a large proportion of llrong acid 
at a boiling temperature is made ufe of, nearly 
the whole of the black powder is diilblved, and 
the platina thrown down from the folution by 
muriated ammonia inftead of being yellow is of 
a brick-red. But if a weaker acid at a much 
lower temperature is employed, the folution is 
much lefs coloured and nearly 3 per cent, of 
this black powder remains, which may be rea- 
dily feplrated by filtration and walhiiig. 

^This black matter is partly in fcales and 
partly pulverulent; it leaves olack traces on 
paper as plumbago does, but differs .remarkably 
from this latter in its sp. gr. which is == 10.7, 
It unites readily with lead, but the compound 
even if containing no more than tt of this 
black matter, poflefles very little fluidity when 
melted. Nitrous acid difiblves out the lead, 
leaving the other ingredient nearly in the fame 
ffate as at firff. With bifmuth, zinc, and tin, 
the efF^fts are nearly fimilar ; but with copper 
^t a very high heat it contraAs a more intimate 
Ao. Ch. xsiv. p. xop. 
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union, for by digefling the compound in nitro- 
muriatic acid fome of the powder was taken up 
together with the copper forming a very dark- 
coloured folution. 

With filver and gold it unites eafily and inti- 
mately, and is incapable of being feparated 
from either by cupellation, or fronr» gold even 
by quartation: the alloys retain confiderable 
du£Iility, and the colour of that with gold is 
not materially different from pure gold. 

If this black powder be mixed with a large 
proportion of caufiic foda, and kept for fome 
time at a red heat, in a filver crucible, the mals 
acquires a brownifli-ycllow colour. On the 
addition of water a peculiarly pungent odour is 
extricated and the alkali with part of the yel- 
low powder is difiblved. This alkaline folution 
contains the oxyds of osmium and iridium, 
the former of which may be obtained pure by 
(lightly fuperfaturating the folution with ful- 
phuric acid and proceeding to diffillation, the 
metallic oxyd being very volatile, rifing with 
the water and remaining in folution with this 
fluid in the receiver ; as however a little ful- 
phuric acid is liable alfo to come over, a fccond 
very gentle diffillation is required to procure 
the oxyd quite pure^ The folution thus ob- 
tained is as colourlefs as water; it has a fweetiffi 
tafte and a ftrong peculiar odour; it does not 
change vegetable blues to red. Oxyd of of- 
mium may be obtained in a much more con- 
centrated ftate by diftilling the original black 
powder with nitre. When the materials ap- 
proach to a red heat there fublimes into the 
neck of the retort a fluid apparently oily, but 
which on cooling concretes into a foHd colour* 
lefs femi-tranfparent mafs. In this concentrated 
ftate it ftains the (kin of a permanent dark co- 
lour, It is foluble inTwater, and then exhibits 
the properties of the above-mentioned folution. 
The falts of platina or gold when dropped into 
it produce no apparent chemical change, but 
with . nitrat of lead it gives a yellowilh brown 
precipitate, with nitrat of mercury S white one, 
and with muriat of tin a brown one. An infu- 
fion of galls produces a purple colour which 
icon changes into a deep vivid blue. With 
pure ammonia or carbonat of foda it acquires a 
light yellow colour, and with lime a fimilat 
colour but of a bri^ter tinge; this latter folu- 
tion affords with infufion of galls a deep red 
precipitate which becomes blue by adds. Pure 
magnefia or carbonat of lime produce no effeA 
on this oxyd. On Ae addition of alcohol, the 
Tciuia&t ia Phil. Twf x 8 o 4 » P- 41a. 
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whole folution acquires a dark colour^ and after 
fome time the ofmium is depofited (probably in 
the metallic ftate) in the form of black films. 
A (imilar efFedl:} but much more fpeedilv^ is 
produced by ether. The watery folution ot this 
oxyd is decompofed by all the metals except 
gold and platina, a black or dark grey precipitate 
being thrown down confiding of the mixed 
oxyds of ofmium and of the precipitant. A 
little mercury fhaken with the above folution 
fpeedily dcjprives it of all odour, and combines 
with the ofmium into an amalgam; this amal- 
gam being expofed to heat in clofe veflels, the 
mercury is volatilized and a dark grey or blue 
powder remains behind, which is the pure me 
tal. When heated with accefs of air it evapor- 
ates with the ufual odour; but if the air is care- 
fully excluded it feems neither volatile nor fufi- 
ble even at a full white heat and in conta£l 
with charcoal. But when heated with copper 
or gold it melts with them forming uniform 
malleable alloys. 

The pure metal after having been drongly 
heated is not affected by nitro-muriatic acid, 
but when heated in a filvcr crucible with cau- 
dic alkali it combines readily with it, and gives 
a yellow folution, from which acids expel the 
oxyd of ofmium with its ufual properties. 

We have already mentioned that the black 
owder obtained from crude platina, contains 
oth ofmium and iridium. The method of 
feparating the former has been jud now treated 
of, we (hall now therefore proceed to fliow how 
to procure the latter. Vauquelin's “ method 
is to fufe the black powder with four times its 
weight of caudic pota(h, which gives a green 
faline mafs : by digedion with water a green 
folution is obtained, and fome green powder 
remains undiiTblved. The alkaline folution is 
to be faturated with muriatic acid, by which a 
green precipitate will be obtained, and this, 
together with the green powder, is to be digclled 
in drong muriatic acid. The deep green mu- 
riatic folution thus prepared, contains the 
oxyds of iridium, iron, and ofmium, and when 
heated to ebullition, its colour changes to a 
bright red. It is now to be gtnitly evaporated 
to drynefs, and the refidue being treated with 
alcohol, the muriat of iron will be diflblved, 
leaving behind a red powder entirely free from 
this metal. This red powder being calcined 
at a red heat in an open crucible, there fird 
arifes muriatic acid, and then a vapour which 
tinges the flame of the coals of n fine blue, and 
which doubtlefs is the oxyd of ofmium ; a 

■ An. dc Ch. 


black powder remains behind, which, when 
mixed with borax and expofed to a very high 
heat^ is reduced into a half iiifcd granular metal, 
of a white colour, and- very brittle, which is 
pure Iridium. The metal in this date is folublc 
only in nitro-muriatic acid, and that in fmall 
quatitity, and' with confiderable difficulty. The 
colour of the folution is a very deep rctl, which 
is dedroyed by green fulphat of iron. It affords 
no precipitate with muriat of ammonia ; with 
pruffiat of potafli it gives a brown precipitate, 
which becomes green by the aftion of the air. 
When added to a IbUition of pure platina, it 
caufes the prcci]nt.iro cf this latter by fal-am- 
moniac, to be of a dei’p-rcil colour, indead of 
the light yellow which it affords when pure. 

Mr. Tennant feparated the iridium from the 
other metals with which it is mixed, in the 
following manner. He trtMted the black pow-* 
der alternately with caudic foda, and muriatic 
acid : the acid folution, confiding chiefly of 
muriat of iridium, was of a dark-blue colour, 
which afterwards became of a duiky olive-green, 
and finally, by continuing the heat, of a deep- 
red colour. By flow evaporation of the folution 
only an impei*fc£lly crydalHzetl faline mafs was. 
obtained, but this being dried on blotting paper 
and again diflblved in water, aflbrded on evapo- 
ration didinft oftohedral cry dais. 'Fhefe cryf- 
tals arc the pure muriat of iridium, and when 
diflblved in water give a deep orange-red co- 
loured folution. With an infufion of galls no 
precipitate is formed, but the colour of tlic 
folution is indantly and almod entirely taken 
away. Muriat of tin, carbonat of foda, and 
pruffiat of potafh, produce nearly the fume 
eflefk. Ammonia precipitates the oxyd, but 
if in excefs, rediffolves a povdon, forming a 
purple liquor. The pure fixed alkaiit s jImcjw 
down the oxyd of a brown colour, but iM. in 
a part in folution, and thus acquire a yel’ow 
colour. Muriat of iridium is d':conipc>i'e<! by 
all the metals except gold and phuina, a bJack 
precipitate being thrown down, which dcubtlefs 
IS metallic iridium. It may alfo be obtaiiK-d 
pure by heating the oftohedral muriat, which 
expells the oxygen and acid ; the met d remains 
of 'a white colour, and nearly infufible. It 
does not combine cither with fulph.ur or arVnic; 
it unites with lead, but is readily feparabie by ' 
cupellation. With copper it forms a very mal- 
leable alloy, as it alfo does with filver. Gold 
alloyed even with a confiderable quantity of 
iridium, is perfeflly malleable, and nearly of 
the fame colour witn pure gold : it is iK>t l!ep.a- 

xlvlii. p. 178. 
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rable either by cupellatioa or quartation : by 
. digeftlon in nitro-muriatic acid the gold is dii» 
folved, and the iridium remains behind in the 
form of a black powder. 

All that is hitherto known of the ncwly-dif- 
covered metal called Rhodium, has been com« 
municated to the public by Dr. Wollafton. " 
It is thus procured. Some crude platina 
being digefted in moderately dilute nitro-inuri- 
atic acid, a browniih-red folution is obtained : 
from this the platina is to be feparated for the 
mod part by muriat of ammonia, and the reli- 
dual liquor is to be heated with zinc i by this 
treatment a black powder will be obtained, and 
the fupernatant fluid will conflft of the muriats 
of zinc and iron. This black powder by di- 
geflion in very dilute nitric acid, will be freed 
from the copper and lead which it ufually con- 
tains, and the refidue is to be digefted in dilute 
nitro-inuriatic acid, till every thing foluble is 
taken up. To this folution a little common fait 
is to be added, and the whole evaporated to 
drynefs, after which, by repeatedly walhing with 
warm alcohol, the foda-muriats of platina and 
palladium will be diflfolved, leaving behind a 
pure foda-muriat of rhodium. 

This fait is readily foluble in hot w<iter, and 
clepoflts on cooling rhomboidal cry Hals of a 
bright rofc colour. Sal ammoniac occafions no 
turbidnefs in the folution, but if a few drops of 
muriat of platina are added to the mixture, an 
immediate yellow precipitate is thrown down. 
Neither prufliat of potaih, nor hydrofulphuret 
of ammonia, nor the carbonated alkalies, pro- 
duce any precipitate; but the pure alkalies 
throw down a yellow oxyd refolublc cither in 
alkalies or acids. 

The muriat of this metal is an uncryllalli- 
aablc fait of a rofe colour, and foluble in alcohol : 
with nitre or the muriats of ammonia or foda, 
are formed cryftallizable triple falts infoluble 
in alcohol. 

Nitrat of rhodium is alfo uncry ftallizable. It 
appears not to be decompofabie by filver, but is 
fo by copper, mercury, and moll of the other 
metals. 

The foda muriat of this metal affords a black 
pow’dcr by digeftion with zinc, which when 
heated with borax, acquires a white metallic 
luftre, but is infufible by any heat that has 
hitherto been applied. It is however fuflble 
either with arfenic or fulphur, and may be 
again feparated from thefe fubftances by heat, 
but it does not acquire by this treatment any 
degree of malleability. It combines with moil 
jpietals, and with fliver and gold forms very 
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malleable alloys, which are unaltered by a high 
heat, but become encrufled with a black oxyd 
when flowly cooled. An alloy of 6 parts of 
gold and i of irhodium, diflcrs but little in 
colour from fine gold, but is much more diili- 
cultly fufible. The fp. gr. of rhodium appears 
to be fomewhat more than 11. 

In the preceding account of rhodium, we 
have mentioned the method of feparating the 
foda-muriat of this metal from the foda-muriats 
of platina and palladium, by means of warm 
alcohol. -This being done, the alcoholic folution 
is to be mixed with a folution of muriated am- 
monia, by which the greater part of the platina 
will be precipitated: the fupernatant liquor 
being then poured off and diluted, tliere is to be 
added pruiliat of potafli, as long as any precipi- 
tate is produced. There is thus obtained a 
deep orange coloured fediment, which changes 
by degrees to a dirty bottle green 'fhis when 
dried is to be heated with a little fulphur, and 
fufed into a button, after which it is to be ftrongly 
heated wdth glafs of borax, till on cooling it 
acquires a bright metallic furface ; being now 
feparated from the borax and expofed to the 
flame of the blowpipe, the fulphur is volatilized, 
and there remains behind a fpungy malleable 
metallic mafs, which is pure Palladium. ® 

This metal in its colour greatly refembles 
platina; when rolled into a thin lamina it is 
very flexible, but not very elaftic. Its fpecific 
gravity varies from 10.9 to 11.9. Its hardiiefs 
is fomewhat fuperior to that of bar iron ; its 
fra£lure is fibrous, and it is very malleable. 
When heated below rednefs it acquires a fuper- 
ficial blue tinge, but neither at this nor at a 
higher temperature, is there the lead appear- 
ance of oxydation. At a full white heat it 
enters into fulion. It readily combines with 
fulphur, and the compound is brittle, of a 
whiter colour than the pure metal, and fufible 
at nearly the fame degree as zinc. 

Palladium unites with gold; and the alloy, 
when equal parts of the ingredients are ufed, 
is of a grey colour, equal in hardnefs to wrought 
iron, flightly malleable, and of a coarfe-grained 
frafture. Sp.gr. 11.07. 

Equal parts of platina and palladium form an 
alloy refcmbling the former ingredient in colour 
and hardnefs, but in fufibility refembiing palla- 
dium. Sp. gr. 1 5.1. 

Equal parts of palladium and filver produce 
an alloy fomewhat harder than filver, and in. 
colour refembiing platina, only whiter. Sp. 
gr. 11.2. 

With an equal weight of copper this metal 
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forms a ycllowifli alloy, harder than wrought 
iron, and fomewhat brittle. Sp. gr. 10.3. 

With an equal weight of tin, a greyilli alloy 
IS produced, inferior in hardnefs to wrought 
iron, and extremely brittle : its texture is com- 
pa£b and fine-grained. Sp. gr. 8.1. 

With an equal weight of bifmuth it gives a 
grey alloy, very brittle, and nearly as hard as 
fteel. Sp.'gr. 12.5. 

Arfenic increafes the fulibility of this metal, 
and renders it very brittle. 

Sulphuric acid, when boiled upon palladium, 
diflblves a fmall portion, and acquires a bright 
red colour. Muriatic acid alfo by long ebulli- 
tion takes up a portion, and becomes of a red 
colour. Nitric acid, cfpecially when yellow and 
fuming, arts with vigour on this metal, con- 
verting it iirrt into a red oxyd, and then diflblving 
it. Nitro-muriatic agid is however the boft 
folvent of palladium, and forms with it a beauti- 
ful red foiution. From theie acid folutions the 
alkalies and earths throw down precipitates, 
mollly of a bright orange colour, which are 
partly rediflblved by the alkalies if added in 
excefs : the fupernatant liquor of the precipitate 
by ammonia, is often of a green ilh-blue. The 
fulphats, nitrats, and miiriats of potafli or am- 
monia, produce an orange precipitate, as they 
do with the falts of platina. All the metals, 
except gold, platina, and Giver, occaGon a 
copious precipitate of palladium in the metallic 
(late. Recent muriat of tin produces a dark 
orange or brown precipitate in the neutralized 
falts of palladium ^ but if added to cxcefs, the 
liquor remains tranfparent and of a beautiful 
emerahl green. Green fulphat of iron throws 
down t1'.e palladium in the metallic date. With 
prulTiat of potafti it forms an olive-green preci- 
itate, and with fulphuretted hydrogen a dark- 
rown one. 

Thefe charafters are fuflicient to diftinguifli 
palladium from platina, and every other of the 
known metals. It was fuG)e£led by Mr. Chene- 
vix to be a compound of mercury and platina, 
but the experiments of this gentleman having 
totally failed in the hands of other chcniifts, it 
mud be confidered, for the prefent at lead, as 
a didin£t metallic fpecies. 

PLUMBAGO. See Coal. Sp. gr. 9. 
PNEUMATIC APPARATUS. See Ap- 
pendix. 

POLIERSCHIEFER. PoHfliing date. 

Its colour is'yellowifli-grey, approaching to 
cream-coiour ; it is always driped. 

It occurs in mafs : it is dull internally. Its 
longitudinal fradture is llaty i the crofs fra^ure 


is earthy. Its fragments are tabular. It is foft } 
adheres to the tongue ; is Guc but meagre to ihe 
touch ; and is fometimes fo light as to float on 
water. 

It occurs in the vicinity of pfeudo-volcanocs 
in Bohemia. 

PONDEROUS EARTH See Barttes. 

PORCELAIN. See Pottery. ^ 

PORCELAIN, Reaumur’s. See Glass. 

PORPHYRY. 

A large and important clafs of primitive rocks 
is didinguifhed by modem mincralogilts by the 
name of porphyry. It is eflential to porphyry 
to confid for the mod part of a compa£f padc, 
in which are implanted grains or folitary crydals 
of felfpar, of the fame formation as the principal 
part of the rock. There are however fevcral 
fpecies of rock agreeing with this deGnition, 
which are however arranged among the primi- 
tive or fccondary traps, and will therefore be 
treated of hereafter. 

There arc five fpecies of rocks belonging to 
the proper porphyritic formation, namely, 

1. Horndone porphyry. The horndone 
which ferves as the bafe of this fubdance is 
generally red or green, with a conchoidal or 
iplintery frafture 5 and it inclofes crydals of 
quartz and felfpar. 

2. Felfpar porphyry. ’'Fhe bafe of this is 

commonly red compaft felfpar, incloGng cryf- 
tals of felfpar and quartz. • 

3. Sienitic porphyry. This differs from the 
preceding in ' containing cryllaJs of hornblende 
in addition to the other ingredients. 

4. Pitchdone porphyry. The bafe of this is 
pitchdone, either red, green, brown, or black. 

5. Clay porphyry, of which the bafe is indu- 
rated clay palling into horndone; it is generally 
of a reddifh colour, and contains crydals of 
quartz and felfpar. 

Mountains or porphyry are not ftratiGed and 
never inclofe beds or other fubdances. Its 
texture is commonly compact but it occaffon- 
;iliy occurs in fehidone. It is not very rich in 
mineral veins ; the clay porphyry is the mod 
fo ; the rich mines of Schemnitz in Hungary 
bdng in this fpecies of rock. 

The porphyritic formation is not very diC* 
tinflly leparated from the other rock formati- 
ons which accompany it, nor is its rank among 
the primitive mountains, with regard to anti- 
quity, very clearly afeertained. 

Horndone porphyry feems to be the oldcd 
of the clafs, and clay porphyry the mod recent. 
The red porphyries are employed in ornamental 
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arcblte^ure for columns, &c. and are much is diftingutflied from that formed the prefence 
edcv’mcd. of a fulphat). When too much lime has been 

PORZliLLANERDE. SceCi.AY(Per«/rt/«.) employed, the ley contains lime in folution as 
POTASH of Commerce. See Cakbonat if well as perfcilly caulli<i alkali, and will become 
PUafi. turbid by adding carbonic acid or fimply by 

PO TASH, Vegetable FiKcd Alkali , Gcwachs^ blowing through it from the mouth for a time, 
alkali. Germ. or by a fliort expofure to the air. For the 

The term potafh, which originally fignified analyfis of earths therefore it is better to have 
^■>n^ ipccies of impure carbonat of potaih, and a fmall excefs of carbonic acid, which effe^u- 
is Hill applied to it in commerce, is roftri£tcd ally excludes lime. The lime fliould be of 
ill the modern chemical nomenclature to the Carrara marble or oyftcr fliclls, which con- 
pure vegetable fixed alkali free from carbonic tain no alumine^ as the latter earth is readily 
acid or any oJief admixture. . diflblved by the alkali, and is with difficulty got 

The fources of this alkali Itave been mention- rid of. The a£lual quantity of alkali in a ^iven 
ed when defer ibing its carbonat, and it is folution is determined by evaporating it to 
procured entirely from the vegetable kingdom, drynefs in a filver crucible, and weighing the 
but Klaproth has difeovered that it forms about white foltd alkali that is left, Idquid alkali 
a fifth part of the compofition of leucite and prepared in this way is known to be pure (that 
lepidolite, and probably will be detect ed in is, free from earth,) by fuper-faturating a little 
many other minerals now that analyfts are of it with pure nitric *or muriatic acid, then 
aware of its exiflence in the mineral kingdom, adding carbonat of ammonia till it is fenfibly 
fo that ftriflly fpeaking, the term •uegetahle as ammoniacal, and boiling for a few minutes, 
applied exclufively to this alkali is incorre£f . If no earth be prefent no turbidnefs will enfue 
Potafh is eafily prepared in tolerable purity, after Handing for fcveral hours, 
but with difficulty abfolutcly fo. For mofl Potafh as commonly prepared however, often 
purpofes of chemical analyfis the following way contains, befides the pure alkali, carbonic acid^ 
IS fuificient.^ Select a pure carbonat of potafh, fulphat and muriat ot potafh, manganefe, filex, 
(made either by refining common pearlafh, or alumine, and oxyd of iron. Of thefe, the 
by calcining cream of tartar, or deflagrating it three firft if not in any confiderabje quantity 
with equal parts of nitre) boil it with fufficient are often of no importance in the analyfis of 
water in a polifhed iron kettle with about half minerals, but it is neceflary that the cnemifl 
its weight of well burnt lime from white marble Ihould know that they exift, and when required 
for a few minutes, flrain the liquor through ihould be able to free the alkali from them, 
linen, wafh the bulky mafs of flacked and The way of detedling the prefence of earths has 
carbonated lime once with hot water to extradk juft been mentioned; the fulphuric acid may 
the adhering alkali, add it to the firft liquor, be fhewn by firft faturating the alkali bv per- 
and without waitinj; to filter it, reduce the fe£IIy pure nitric or muriatic acid, and then 
whole by boiling tHl it is of a thick fyrupy applying a barytic teft: and the muriatic acid 
confiftence ; after which pafs it once more may be difeovered by firft faturating with the 
through linen and fet it by in a glafs bottle, nitric, and then precipitating the fulphuric acid 
In a day or two the liquor becomes perfeftly (if any) by nitrat or acetite of b^tes, and 
clear, and may then be poured off from the laftly tefting with nitrat of filver. Tne way of 
fediment, and kept in a well flopped glafs preparing potaih perfedly pure is by cryftalli- 
bottle. Liquid potafh thus prepared, if a very zation of the pure alkali either from the watery 
pure carbonat of potafh be fele£led, will be folution or from the folution in alcohol. There 
fufficiently pure for moft experiments. ITie are however fomc flight objeflions to each 
ufe of the lime is to abforb the carbonic ac}d, mode, though both of them anfwer fufliciently 
and the precife quantity required for this pur- well for all purpofes when made with care, 
pofe depends on the nature of the lime, and its When a folution of potafh with the above 
perfe£l calcination. When too little lime has impurities is evaporated gradually, as foon as 
been ufed, the alkaline liquor ft ill retains a it Iitls reached a certain point of concentration, 
portion of carbonic acid, and will therefore the fulphat and muriat of potaih begin to fepa- 
become turbid with lime or barytic water, rate, being much lefs foluble than the alkali 
'(which turbidnefs will difappear on fuperfa- itfelf, afterwards the carbonat of potaih cryftal- 
turation by any acid, whereby the precipitate lizes, and laftly the pure alkali, and the form 

Kbpnitli. 



POT ( 241 ) POT 


of the latter ciyftals is fo different from the reft 
that they cannot be eafily miftaken. It fliould 
always be remembered in thefe operations that 
potafh is extremely greedy of carbonic acid, 
which it abforbs from me air very fpeedily, fo that 
all evaporations Ihould be made as much as poili- 
ble in narrow-mouthed veflcls, and at a boiling 
heat that the fteam which is conftantly palling 
ofF may preferve the liquor from the cdnta£t of 
air. All flow evaporation in the open air is 
therefore entirely inadmilliblc, as it would allow 
the whole of the alkali to be converted into a 
carbonat. 

M. Lowitz of Peterlburgh, has given very 
good dire£lions for obtaining pure cryftals of 
potalh by Ample evaporation of the cauftic ley, 
and Berthollet has explained with his ulual 
accuracy the procefs by alcohol. That of 
Lowitz is the following:** make a ftroiig ley 
with carbonat of potalh and lime in the ufual 
way, llrain it through cloth and evaporate it at 
a boiling heat in a veflcl of very clean iron till 
a ftrong pellicle appears on the furfacc. Cover 
the veflTel, and let the liquor cool, by which 
mod of the neutral fa Its and carbonat of potalli 
cryllallizc. Pour off the clear folution and 
evaporate it further, during which feum off 
from the furface the faline pellicle as long as it 
forms. When this has ccafed, remove it from 
the fire and ftir it inceflantly till cold. Then 
rediflblve it in twice its weight of cold water, 
filter the folution and evaporate it in a glafs re- 
tort (or what is better, a clofe veflel of filver or 
Clver-plate) till it begins to depofit regular 
cryftals which are now pure potalh. When all 
the cryftals have depofited, feparate them from 
the liquor (which is always brown) let them 
drain in a clofe vcffel, rediflblve them and again 
cryftallize them as before till they form with 
water a perfecSlly tranfparent folution. The 
liquor by further evaporation will furnilh more 
of the cryftals of potalh till it is almoft ex- 
haufted. Some nicety of management is re- 
quired in the laft procefs, for if the folution be 
too much concentrated before it cools, the 
whole congeals into a folid white mafs, which 
niuft be a little diluted, and again brought to a 
boiling heat in order to cryftallize. 

The cryftals of potalli formed in this way 
alTume the form of very thin broad plates 
crofling each other in every dlreftion, and fo 
compleatly Ihutting in the mother liquor, that 
a bottle full of the mixture of cryftals and 
folution may often be inverted without fpilling 
a drop of the liquor. When melted in a red 
^ An. Chim. tom. aa. 


heat in a filver veflel, thefe cryftals run into a 
mafs of a fnowy whitenefs. 

The other method of obtaining pure potalh is 
by means of alcohol. Of all the lubltanccs 
contained in common potalh, namely potaOi, 
carbonat of potafli, alumine, lilex, fuipbat and 
muriat of potalh, only the firft is to any notable 
degree foluble in well reftified alcohol, fo that 
the purification of potafli would appear to he 
efie^ed by this means with perfedl accuracy 
and limplicity, and is fo to a great degree, 
though the curious refearches of Berthollet on 
this lubjeft Ihcw that there are feme dccompo- 
fitions that take place, which might not be at 
firft fufpe£^ed. "^rhe experiments of this ex- 
cellent chemift are the following.^ A cauftic 
ley was prepared in the ufual way from common 
carbonat of potafli and lime, and was boiled 
down in an iron veffel till it began to thicken. 
It was then put into a retort and alcohol was 
poured on it, and boiled for a while till part of 
the fpirit had diftilled over. When cold, the 
retort contained two diftinfl; liquors, the lowcft 
was of a dark colour, and at the bottom of it 
were a number of faline cryftals, (which proved 
to be carbonat of potalh) mixed with a black 
earthy matter: the upper liquor was Icfs colour- 
ed, and confifted chiefly of the alcohol holding 
the potafli in folution. The lower liquor was 
a faturated folution of carbonat of potafli in 
water, and llrongly eflervefeed with acids, and 
the earthy impurities were either obtained from 
the lime, or originally contained in the carbonat 
of potalh employed. The alcoliolic folution 
did not effervefee with acids nor precipitate- 
lime water, but it flightly troubled muriat of 
barytes and gave a fmall quantity of eflervefeing 
precipitate, which (hewed that fome carbonat 
of potalh was ftill contained. This folution 
was then boiled in a retort till part of the 
alcohol had diftilled off, and on cooling it 
feparated into two liquors inimifcible by fliiiking,, 
the upper part of which appeared like a yellow 
oil, and gave no longer any indication of car- 
bonic acid, and. was now a folution of as pure 
potafli as could be obtaineil. By cviiporation, 
aqd cooling at a certain point of concentration, 
clear cryllals of potalli feparated, but the mother 
liquor gradually aflumed a darker colour. The 
lower of thefe two liquors alfo contained con- 
fiderably pure potafli, which cryftallized by 
evaporatio s but it was mixed with Ibrne car- 
bonat of potalh, and the folvcnt was . chiefly 
water with a very little alcoliol. If the entire 
alcoholic folution of potafli is diftilled to dryiiefs 
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it becomes gradually of a very dark brown purpofes^ containing no earth nor other foreign 
colour, and is then effervefeent, though it ingredient than a little of the reflnous matter 
fliewed no traces of carbonic acid before the from the alcohol, which is of no importance in 
boiling. The pure cry (la Is of the alkali when analyfis. Or if abfolute purity is required, the 
fiinply heated, lofe their water of cryftalli- crvftals of potafh feparated from the alcoholic 
zation but do not acquire the property of folution may be employed. 

.elFervefcing. But if thefe fame cryilals are The method or allaying alkali for earth 
diflblved in frelh alcohol, the folution which and carbonic acid has been mentioned, but it 
when cold is clear and colourlefs, turns yellow may be right to notice a caufe of miitake which 
as foon as boiling, by evaporation the colour may occur. If to a veiy concentrated {blution 
deepens, and even when highly concentrated of perfe£):ly pure potafn in alcohol be added 
it now refufes to crydallize, and at laft when lime water,- or muriated barytes, or barytic 
deficcated, if water is added, though the alkali water, a precipitate will occur which might 
is redilTolved, there remains a brownilh refin- lead to fuppofe that carbonic acid was prefept, 
ous infoluble matter. but in this cafe the precipitate is pure lime or 

The a£lion of alcohol on potafh feems there- barytes, and not a carbonated earth, which is 
fore to be the following: it firft diflblves the feparated from its folvent by the alcohol of the 
potafh, and feparates from it the greater part folution, and is rediflblved on adding diftilled 
of the carbonated alkali which common potafli water, which the carbonated earth is not. 
contains, but a fmall portion of it is retained In preparing cauftic potafli it fhould be 
till the folution is concentrated, when the remembered that the folution of potafh at a 
more watery part of the alcohol feparates from boiling heat when highly concentrated, feadily 
the jpurer Ipirit, and the carbonat of potafh a£ls upon glafs, and foon diflblves a fuflicient 
follows the former. ^ quantity materially to alter and impair its purity. 

But befides this, a feparate a£^ion is exerted In this cafe it gives a gelatinous precipitate with 
by the potafh on the alcohol, whereby the foirit acids, which is the (ilex of the glafs. There- 
is in part decompofed, and furmfhes both fore in preparing the alkali, all boiling and 
carbonic acid and a blackifli refinous matter, evaporating when the liquor is concentrated 
and thus the alkali is again rendered (lightly fhould be performed in bright iron veflels, or 
efiervefeent, and the folution by difTolving this (for perfefl purity) in thofe of (ilver or plated 
refinous matter becomes high coloured. copper. 

This gradual formation of carbonic acid by The alcohol diftilled off potafh carries up 
’the adlion of potafh on alcohol, which is not with it fuflicient alkali to turn fyrup of violets 
adverted to in Berthollet’s original memoir, is green.<^ 

fully proved by Pelletier, who jOiews that the Potafh is a fimple fubftance as far as has 
fame .change .will take place even without heat, been hitherto examined, though there is fome 
when the folution is kept for a confiderable reafon for fufpeding it to be a compound, 
time, and the whple. alkali is gradually .changed When folid and dry it is a white fait intenfely 
to a carbonat. acrid to 'the tafte, and corroding the fkin of 

From what has been obferved, it wiH follow the tongue almoft inftaiitly. 
that the alcohol fhould be allowed to remain It exerts the fame aflion on every other part 
only a fhort time on the potafh, and the pureft of the body, fo that when touched with the 
pQffible alkali may be prepared fimply in the moiftened nand it has a greafy feel, owing to 
following way.: felefl a very pure carbonat of the inftant aAion which it begins upon the 
potafh, render 'itfcauftic by lime, (leaving rather cuticle of the fingers. It is extremely foluble in 
a little carbonic acid than an excefs of lime,) water, and is one of the moft deliquefeent fub- 
i>pU down the ley to drynefs, theo add highly fiances known and htocc it is ufefully employed 
Tcflified alcohol, a^d boil the mixture for a in experiments to abforb moifture from any gas 
minute or .two, and fet it by in a well clofed in which it is confined. Along witli moifture 
^eflel. Then pour off the alcoholic folution, it abfbrbs carbonic acid with great rapidity, 
evaporate it rapidly, and immediately bring it Potafh mclcs at a moderately red heat and then 

tp p&rfe£l drynefs. which will leave a white runs into a clear liquid as thin as water, which 
faline mafs, fometimes covered with a blacJt becomes opake on cooling, and generally aflumes 
cruft which may be removed, and the reft is as a greenifh tinge, the caufe of which is not well 
pure potaA as can be required fur chemical known. At a full red heat (fuch as that of 

^ BsrthoILt. 
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meltu^ copper) potalh is readily volatilized, and 
flies off in a denfe vapour which is eafilyperceived 
when a crucible holding it thus heated is fudden- 
ly uncovered. This vapour is potalh unaltered. 

Potafti diflbives all earths with extreme 
facility by fufion, and even in watery folutioii 
with the affiilance of heat. The mixture of 
potaih and earth is foluble in water when the 
nlkali is in excefs, and the folution depofits the 
earth when faturated by an acid. 

Potaih when folid and deprived of its water 
of cryftalHzation produces a fenfible heat when 
mixed with watery but the cr^als of potaih 
form with fnow or powdered ice one of the 
moft powerful freezing mixtures that is known, 
and wnich is deferibed under the article Freezing. 

Potaih unites with all acids, producing falts 
that are deferibed under; thefe articles refpcc* 
tively or thofe immediately fucceeding. For the 
general properties^ which it pofleiTes fee Alkalii 
and for its action upon the earths in the moift 
or dry way upon 0/7>, Sulphur^ Phofihorust fee 
thefe articles and thofe of Soap and Glafsi 

Pdtaih when highly concentrated is very apt 
to caufe glafs phials in which it is kept to crack. 
It alfo feems to contra£k a very clofe union 
with glafs in any form, fo that the drop or two 
which wets the ^ace between the ftopper and 
the neck of the pniali ^dll after a while cement 
it together fb ilrongly as to require much pains 
and perfeverance to feparate them unlefs p.re-* 
vioully oiled. 

An impure potafli melted and cad into 
moulds, is ufed in furgery as a valuable and 
powerful caudic. It is mixed with foap, and 
applied in the form of a foft pade to the Ikin, 
and in fome hours it dedroys the life of the 
part to which it is applied, which portion after 
a while comes out in the form of a deep 
flough. 

1 nis alkali refembles ibda fo clolcly in tadc, 
appearance, and general chemical properties, 
that they are not readily didinguifliable in any 
other way than by uniting them with the 
feveral acids and examining the neutral falts 
refulting from this combination. The falts 
that are mod readily didinguifliable are the 
. fuiphats, nitrats, and* tartrites. Thus the ful- 
phat of potaih b a hard bitter fait, requiring 
much water for Iblution, and therefore a faline 
precipitate of fulphat of potaih is formed when 
the acid and alkafine folution are fomewhat 
concentrated when added: whereas the fuU 
phat of foda is very foluble, and differs ellen- 
tially in its form of cryftallization from the 
Other, llie nitr4t of potaih crydallizes in long 


lix-flded prifms, but the nitrat of fod.! in cubes. 
The acid of tartar alfo is a very ulcfuJ ted. If 
the alkali to be examined is lird difTolvod in 
muriatic or arty other acid, and a foluiion of 
tartarcous acid added, if the fait has potaili for 
its bads, there will be a precipitate of tartar in 
a few feconds, but the mixture will remain 
clear if the bads of the lalt is foda. The 
nitro-muriat of platlna alfo decompofos all falts 
with potaih, but not- with foda. 

The affinities of potaih are in the following 
order: the fulphuric acid, nitric, muriatic, 
phofphoric, fluoric, oxalic, tartaric, arfcnic, 
fuccinic, citric, fulphureous, acetic, carbonic, 
and prudic. 

This order however, as in other cafes of 
affinity, is to be taken with very conddcrable 
limitations, and in particular does not apply 
where the fame acid forms both an .acidulous 
and a neutral fak with potafli, as in the cafe of 
the tartareous jud mentioned, which will par- ‘ 
tially dccompofe even fulphat of potafli, that is, 
to the point at which the acidulous tartrite is 
formed, but no further. 

POTTER’S LEAD ORE is the term ufually 
given to the common galena. See Lead. 
POTTERY AND PORCELAIN. 

Our limits would not allow us (even if we 
had the means ^ to enter into any detailed do-* 
feription of the antient and beautiful and mod 
uferul art of pottery, efpccially as the mod 
ellential part of it can hardly be called a chem- 
ical operation, though confrderably connefledr* 
with chemidry in many of the fubordinate parts. 
We lhall therefore give but a (ingle example of 
the procefs by which a lump of pjadic earth is 
converted into a hard brittle veflel, and add fome 
obfervations on that part of the manufacture 
which is peculiarly dedined for chemical ufes. 

The eflbntial material of pottery is clay, . 
which alone poflefles the two requifite quaiiiies 
lird, of being in its natural date fo piaflic that 
with water it becomes a foft uniformly oxtenfible 
mafs, capable of .taking ami retaining any form, . 
and fecondly, that when It ia ihbroiiglily dried 
and has undergone a red heat for a time, it 
lofes this pladicity, is no longer retentive of 
water to any conliderable degree, becomes hard, 
clofe in texture, and able more or lefs perfeA}y 
to retain all liquids contained within its hollow. 

The various compofition of C/ay has been 
deferibed under that article and Altnnifie^' znd it . 
has been there (hewn, that though clay owes 
its pladicity to alumine,. it feldom contains fa 
much of this as of other earths,, and is in fa£k ; 
a very compound fubftance. 
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Many of the impure coloured natural clays 
nrc of thcmfclves fufficiently mixed with other 
earths for the potter^s ufe without addition, but 
the white and finer clays moftly require dilution 
with filex in one form or other, which can be 
done to a very confidcrable degree without 
taking away the plafticity requifite for working. 

The moft material circumllanccs required to 
be confidered in felefring the materials for 
pottery appear to be chiefly plafticity, flirlnkage, 
iblidity, and compaftnefs after drying; colour, 
and fufibility. 

'rhe plafticity feems to be (imply owing to 
the quantity of clay ufed, that is to fay, relative-* 
ly to the original plafticity of the clay itfclf, 
for this quality is not the (amc in all clays 
equally aluminous, but is much lefs in propor- 
tion in the indurated clays, and is increafed by 
expofure to air. 

'rhe texture, including the qualities of hard- 
nefs and compadlnefs, depends partly on the 
mixture of fiiiceous ingredient with the clay, 
.and partly on the heat employed in the burning 
of the pottery. The purer natural clays, are 
almoft infufiole in any furnace-heat, their 
hardnefs is nearly progrel&ve with the intenflty 
of the fire, but they have the effential defe£fs 
of drying very llowly, of fhrinking * very con- 
fideraoly, and of becoming rifty or full of 
minute cracks when dried, fo as on this account 
to be porous. It is therefore neceflary to mix 
them intimately with any other earth of qualities 
oppofite to thofe of clay, that is, which abforbs 
but little water and readily parts with it, 
(qualities directly oppofite to plafticity) and 
winch dries compaft and clofe. 

The colour of the earths ufed is alfo of 
eflential importance in the finer pottery, in 
which the great defideratum is to find a clay 
which after burnwg remains perfectly white. 
The appearance before burning cannot always 
be depended on, for though in general the 
whitclt clays before burning are thofe that 
remain white afterwards, it is only in a few 
diftri£ts where clays are found that remain ab- 
folutcly white. Thus there is found at the foot 
of a range of high hills that dire£Hy overlook 
"the Stafibrdfliirc potteries, -eu ftratum of white 
day to appearance fully equal if not fuperior to 
the beft Devonfhire clays, but it cannot be 
employed for the fine pottery, as it acquires in 
burning a yellowifli cream colour, which no art 
can corre£l. The colour is fuppofed to depend 
on iron. 

. Tlie fufibility of clays and other pottery 
iianhs is a'fubjo£t of extreme importance as it 


is on this that Ae diftindion between 
and Porcelain chiefly depends. , 

Under the article Gifs we have treated at 
confiderable length on the fufibility of earthy 
mixtures, to which therefore we (hall refer our 
readers. Porcelain inay be defined to be a 
fpecies of pottery ware compofed of an earthy 
mixture which refills compleat fufion in a very 
confiderable heat, but has been brought by a 
lefs heat than its melting point to a ftate 
of incipient fufion, and thereby acquired ex- 
treme hardnefs, fonoroufnefs, femitranfparency, 
and a femi-conchoidal fplintery fra£lure, ap- 
proaching to the vitreous which is compleatly 
conchoidal. This laft is quite a diftindive 
charader between porcelain and pottery, for 
the fradlure of the latter is fimply granular. It 
appears probable therefore that no chemical 
a£lion takes place in any pottery mixture till it 
arrives at the ftate of porcelain. The moft 
perfedl and beautiful porcelains of Japan and 
China are compofed (as appears from the beft 
teftimony) of one earth in which filex predomi- 
nates, and which melts in a ftrong fire, and of 
another which is infufible per fe^ and by an 
union of thefe alone (as it appears) a porcelain 
is produced which fcarcely vitrifies at the 
utmoft furnace heat which art can produce. 
This fubftance has the united excellencies of 
being very hard, of a beautiful femi-tranfpa- 
rence, very white where not artificially colour- 
ed, very tough and cohefive, fo that it has 
ftrength enough for the purpofes for which it is 
defigned when made very thin, and it bears 
fudden heating and cooling without cracking. 

Of the beautiful European porcelains which 
have been made in imitation of the oriental, it 
ihould feem that none of them precifely unites 
all its diftinguilhing qualities. Earthy mixtures 
have been made equally ftrong, tough, and 
infufible, and as truly porcellanous when burnt, 
but thefe have not cxaflly equalled the beft 
Japanefe in delicate whitenefs and luftre. But 
as the latter are the moft eflential qualities, 
that of infufibility has been in general facrificed, 
(which indeed is of no confequcnce for any of 
the common ufes of porcelain) and therefore 
thofe that come up to tne oriental in beauty and 
delicacy, of which there are feveral manufac- 
tures in difierent parts of Europe, for the moft 
art foften and melt down in the moft intenfe 
eat of a wind-furnace, at which the true 
Nankin and Japanefe undergo no change. 

The manufa£lure of tlie ordinary pottery is 
on the whole very fimple, where the due felec- 
tion of materials is made, but it is the more 
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delicate ornamental part^ the modelling, ena-. the larger kilns confumes lo or 15 tons of coal, 
meUing, painting, mding^ &c. which difplays after which the fire is allowed to go out, and 
fo much exquHite heauty and which rc^quires when all is cooled, the feggars are taken out 
a combination of perfeverance, Ikill, and prac- and their contents unpacked. The entire con«> 
ical nicety of management, that is hardly equal- tents of one kiln will fometimcs exceed 30,000 
led in any other chemical manufa^ure. different pieces of pottexy. The ware is then 

The intimate mixture of the ingredients ufed in the ftate of hifcuit\ it is perfeA pottery, very 
in pottery is of great importance to the beauty, hard, beautifully white with a (light (hade of 
compadnefs and foundnefs of the ware. For- yellow, and of a fmooth furface, quite void of 
merly the wet clay and ground flint (or what- glofs, much refembling a clean egg-lhell. 
ever was the other material) were beaten The next procefs is the glazing, which is 
together with great and long-continued manual performed on all pottery intended for domeftic 
labour, no more water being added than was ufe. For this purpofe the bifcuit ware is dipped 
neceflary to render the clay thoroughly plaftic. in a tub containing a mixture of about 60 parts 
This laborious (and therefore ezpenbve) method of litharge, xo of clay, and 20 of ground flint, 
has now been laid afide in the larger potteries, diffufed in water to a creamy conliftence, and 
and the ingenious way has been fubftituted of when taken out enough adheres to the piece to 
bringing each material firft to an impalpable give an uniform glazing when again heated, 
powder, and dlffufing them feparately in as The pieces arc then again packed up in the 
much water as will bring them to the confift- faggars, with fmall bits of pottery interpofed 
ence of thick cream, mixing them in due between each, and fixed in a kiln as before, 
proportion by meafure, and when thoroughly The glazing mixture fufes at a very moderate 
ftirrod together, evaporating the fuperfluous heat and gives an uniform glofly coating, which 
water till the mafs is brought to a due confift- finiflies the procefs when it is intended for the 
ence for working. < common white ware. But the painting and 

The following is the common procefs ufed gilding, each require feparate procefles. 
in Staflbrdihire for making the ordinary ware. Something may be added in this place on tlie 
The materials are a fine clay brought chiefly pottery employed in chemical operations. For- 
from Dcvonftiire, and a filicciius ftone called merly when cliemifts made their own crucibles. 
Cherts or elfe common flint reduced to powder muffles, &c. this was a very important branch 
by heating red hot, quenching in water, and of praflical knowledge to every chemift, but at 
then grinding by wind-mills to a fubtle powder, prefent this is almoft wholly confined to the 
Each material is pafled through fine brafs fieves, manufadlurcr, and we are only able to point 
then diftufed in water, mixed by*meafure, and out fomc of the leading circumftances which 
brought to a plaftic ftate in the way juft men- determine the goodnefs of pottery ware for one 
tioned. A lump of this is then thrown on the or other purpofe. 

potter’s wheel, and by the workman’s hands Some very eminent chemifts, among whom 
aflifted by a fmalf blunt iron knife-blade it is wc may enumerate Glauber, Agricohi, and 
fafliioned into the fhape required, when circular, Pott,* have paid particular attention to this 
fuch as cups, faucers, plates, &c. but when made fubjedl:, and that enlightened manufadbirer, 
oval, or to any pattern form, it is moulded on a the late Mr. Wedgewood, has introduced a 
plafter model. Handles and fpouts are then fpecies of ware whicii anfwers fonie important 
ftuck on if required, and the piece after being purpofes better than any hitherto invented, 
again fmoothed and the fhape more accurately Three important requifitcs are demanded 
touched up, is fet to dry for fome days in a to conftitutc a perfedt pottery for all chemical 
warm room, where it becomes fo hard as to purpofes, namely, infufibility at any hcatj corn- 
bear handling without altering its fhape. When padtnefs of texture fo as to retain faline and 
dry enough, it is gnclofed along with many other fluxes in fufion wiiliuiit being mateiially 
others in baked ciay cafes of the fhapo of afted on by them, or allowing them to trani- 
band-boxes, called frggarsy which are made of pire; and endurance of fudden changes of tem- 
thc coarfe clays of the country. Thefe are next perature, particularly fudden heating without 
ranged in the kiln or furnace fo as to fill it cracking or giving way in any degree, 
except a (pace in the middle for the fuel. Thefe three requifites however have been 
Here the ware is baked till it has remained found imprafticable to be united in the fame 
fully red-hot for a confiderable time, which in . ware, which has. led to the neceflity of feled^ing 

• Mem. de )*Acad. de Berlio, for 1750. 
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tile fpecies of ware according to the intended 
life. For enduring die higlieft heat without 
linking, no veile.ls hstve been found fo ufeful as 
the Heilian crucibles, which are made according 
to Pott, by mixing a very refrafkory clay with 
fand,the liiieft part of which is feparated by afieve 
and rejedted. 'Fhcfe veiiels are not turned in 
die potter’s wheel as common pottery is, but 
the clay is made into a much llilFer mafs with 
lefs water, and is fafliioned into the required 
fliape by being itrongly rammed into an iron 
niould. This gives tnem fuch a degree of 
compadtnefs that they will retain faline fluxes 
for a confidcrable time. 

With regard to, this latter circumftance, no 
earthy mixture can be made which will not be 
a£led oh more or lefs by faline fluxes, and alfo 
by the vitrified metallic oxyds, as has been 
mentioned under the article Glafit and this is 
particularly: the cafe with the vitrified oxyd of 
lead, whicli has long been ufed as a kind of tell 
of the retentive power of crucibles, as it pafles 
through the ordinary porous crucibles in a 
Ihort time almoft witn as much eafe as liquids 
through a fieve. 

Ordinary crucibles may be made more re- 
tentive by oeing lined on the infide before they 
are quite dry with a thin coating of pure clay 
without any other mixtike. 

l*he molt refraAory material known is a 
mixture of unbumt with burnt clay, and one 
that refills the operation of faline fluxes longer 
than any other» and hence it is employed in the 
making of the large crucibles for die glafii houfe 
as delcribed under the article Glafs. The 
clofe denfe porcelain alfo retains faline matters 
long without being materially a£led on.. 

It is of confidcrable importance in all fire- 
veflels that they fliould be able to bear heating 
and cooling with tolerable quicknefs, but it 
unfortunately happens that* fome of the moil 
perfecl ware in every other refpeft, is very 
deficient in this, and will even hardly bear the 
flraught and, flume of a wind furnace, however 
flowly heated, without danger of cracking. 
This is. particularly the cafe wkh the valuable 
porcelain fire-ware invented by Mr.Wedgewood. 
This property of cracking on fudden changes of 
temperature, appears particularly to depend on 
the two circumftances of hardnefs and clofenefs 
of texture, and the latter is 'the greateft fcetcris 
paribus} in proportion to the finenefs of aivifion 
of the materials before burning. Thus in the 
ifate juft mentioned, both the clay and flint are 
brought to a moil impalpable powder before 
l^turcj and the texture is uncommonly hard 


and clofe; and on the other band, it has been 
found neceflary in making the belt Heflian and 
other crucibles, to feparate and rejjeSi the finer 
part of the filiceous ingredient, for the exprefs 
purpofe of enabling it'to bear the (Irong draught 
of the wind furnace.^ T lie Wedgewood ware 
ftands fudden heating and cooling better when 
it h covered with a thin coating of Windfor 
loam, or of a fire-lute conipofed o£ clay and 
coarfe fand, and tow or horfe-dung. 

Crucibles intended merely for the fiifion o£ 
metals, are much improved by a mixture o£ 
black lead. This material is prote£led from* 
accefs of air by being involved in the clay, and 
is then incombuftible, and its abfolute infufibU 
lity and want of affinity with earths at any 
temperature, enable the clay to undergo a very 
high heat without melting.^ Belides the foftnefs 
and fmopthnefs of the plumbago enables the* 
vefliel to aflbrd a very uniform furface without 
knots or projedlions, which in the common 
rough ware are apt to detain a portion of melted 
metal whilit pouring out. This ware will alfo 
bear fudden heating and cooling better than any 
other, fo that fcarcely any precaution is requi- 
fite on this account, but its foftnefs and porouf* 
nefs render it quite unfit for holding any faline. 
or other flux. 

The mod porous fubftance uled for fire-veflels. 
is bone-afb, which is therefore only employed 
when this quality is an advantage, as in the. 
procefs of cupel lation, already fully deferibed 
under the article Affaf. Here it a£ls like a: 
fponge in abforbing the vitrified oxyd of lead,, 
and only the reguline metal remains. 

Of the earthen veflels intended to hold acid 
or corrofive liquors in difiillation, no ware is 
fo perfe^ as the white Wedgewood porcelain 
ware already mentioned, its texture being fo 
clofe as not to require any lead-glazing. The* 
only dcfe£l of this is the danger of cracking on 
any fudden change of temperature. 

But even this as all other pottery ware when 
ui^glazed, becomes in fome decree pervious 
when heated fully red-hot, fo tmit it cannot.* 
be depended on at this heat to confine gafles- 
when under any preflTure. This- accounts for 
the total difappearance of diamonds when. en<- 
olofed in lumps of fine porcelain clay, and baked 
in an intenfe fire, as was found in lorne of the 
earlier experiments cm diis fubftance, and could 
not be explained till the difeovery of the total 
converfion of thi^em into carbonic acid gas 
by combuftion. This permeability of unglazed 
porcelain ware atfo explains fome obje&ions 
brought to the antiphlogiftic theory by the 
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admUture of carbonic acid gas with azot whep effe£led by acids or by alkalies and earths may 
the latter is pafled through red-hot porcelain be added from the fame author.* The impor- 
tubes^ which does^ not take place in glafs tubes, tant fulneft of metallic precipitates will be 
The carbonic acid therefore arifes from the noticed feparatcly. 

burning fueb and pafles through the pores of There are two principal kinds of precipitates 
the tube when red hot. which have been diftinguiihcd by chemiftry, 

POTSTONE. Topfflnn^ Germ. Pierre one where to a compound compofed of an acid 
Maire^ Fr. and a bafe, each highly foluble in water^ 

. The colour of this mineral is greenifli grey« anotlier acid is added, which has a greater 
It occurs in mafs. Its internal luftre is gliilen- affinity with the bale, and forma with it a 
ing and pearly. Its fra£lure is curved^ foliated, compound Icfs folubie than the firft. In this 
and imperfeflly llaty. Its fragments are tabu- cafe the precipitate (which is fometimes cryftal- 
lar. It is often traiiilucent on the edges. It is lized, fometimes otherwife) Is compofed of the 
foft, is greafy to the touch; tough and diffi- acid lad added, in proportions that vary but 
cultly frangible. It is found in beds with fer- little. As for example when iulphuric acid is 
pentine, at Como in the Grifon country, and added to a faturated folution of nitrat of potaflt 
in Saxony. It may be turned iu a lathe, and is a cryftallized precipitate of fulphat of potalii is 
made into a variety of veflels. It is alio ufed added, the proportions of which fcarcely vary in 
as a lining for iurnaces, being remarkabJf any circumllances, though the a£lual qumntitif 
refra£lory. of precipitate is determined by the quantity of 

POWDER OF CASSIUS. See Gold. water and of fulphuric acid prefent. 

PRASE. See Quartz. AnoAer kind of precipitate is chat which has 

PRECIPITATE. NMerfchlag^ Germ. ufually been fuppoied to be fimple^ and takes 
A chemical precipitate properly means a place when to a compound of an acid and a 
viflble of any fubftance from its <Iear oafe infoluble (or nearly fo) in water, an 

folution, produced by any method, whatever, alkali or foluble earth is added, which by 
and it is generally applied when the reparation ele£kive affinity unites with the acid, and 
takes place in a flocculent or pulverulent form, difplaces the former bafe; and this latter now 
in oppolition to crystallization^ which implies a fuppofed to be uncombined and infoluble in the 
iimtlar reparation in an angular polyhedral form, quantity of liquid prefent, falls to the bottom*. 
Thus even a mafs of cryftals may be termed a This kind of precipitation is conftantly reforteS 
precipitate^ when their uibridencc is fo fudden towhen wewifhtoobtain thefimpleeartlis, asin 
that their proper cryftalline (hape cannot be adding an alkali to a folution of alum in order to 
diftinguiilied by the naked eye, as when precipitate the alumine, to Epfom fait to preci- 
Glauber’s fait is fuddenly feparated in very tate magnefia, &c. But the precipitate in all 
minute cryftals from its faturated watery folution fuch cafes is not (as has been ufually fuppofed) 
by the ainifion of alcohol. the (imple earth, but it always retains after the 

But precipitatio.i may be taken in a more firft operation a fmall and variable portion of 
extended fenfe to mean any vilible reparation of the acid with which it was before combined, 
any fubftance or compound, from its clear Thus if the alumine, however well *edulcorated, 
folution, whether it finks or fwiins, and whether be redilTolved in muriatic acid, and a fait of 
it be cryftallized or pulverulent, and it then barytes added, there will be a fenfiblc precipi- 
forms one of the great operations in chemiftry, tate of fulphat of barytes. This retent of acid 
and is dire£lly oppofed to that of folution ; for is variable and may be reduced to an infenfible 
in fa£l;‘ by far the greateft part of the operations quantity, if not abfolutely taken away, by 
gf the cnemift may be refolved into folution fubfequent digeftion in very concentrated 
and precipitation. alkali. Such precipitations thetefore are not 

The mode in which precipitation afTeQs and effe^ed merely by (imple affinity, but by a 
modifies chemical affinity^ has been mentioned divifion of the acid into two portions, one 
under that article, and Berthollet has (hewn in of whidi, and by much theiargeft, goes to the 
his valuable eflays on chemical affinity and on alkali, and the ottier remains with the earth and 
chemical ftatics, hbw philofophers have.been led accompanies it in its precipitation. Even when 
to deduce the fuppqfeil order of affinities from no precipitation occurs, the acid may be proved 
the circiimftances of precipitation. ... diflributc itfelf in this manner, lor as 

.following remarks on the precipitations Bergman has remarked, if a calcareous fiik is 

> Chemical flaticsjtQ). J, 
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diffblved in fifty times its weight of water^ and 
an excefs of potafh or foda is added} no preci- 
pitation takes place} fo that the acid continues 
in part to aft upon the lime and renders it 
foluble in a much lefs quantity of water than 
the lime alone would require for folution. 

It may be aflumed therefore as a general 
principle} and one which is of great importance 
in the 'explanation of chemical decompolition} 
that where a fait is compofed of an acid and a 
bafC} infoluble or little foluble by itfelf} the 
decompolition efFefted by any foluble bafe is 
the refult not of a '^iimplc but a compound 
aftion^ in which on the one hand the decom- 
poling bafe unites with more or lefs of the acid 
and remains in folutioO} whilft the other bafe 
refumes its infolubility by the ftparation of part 
of its acid} and forms a precipitate with the 
remainder. This will be found to apply ftill 
more ftrikingly in the formation of metallic 
precipitates} and of thofc falts which (like the 
lub-fulphat of mercury or turbith) were former- 
ly taken for limple oxydS} but are now found 
to be falts with excefs of oxyd. 

Chemical affinity is in many cafes determined 
by precipitation} but a contradi£lion in the 
mode of applying this principle has been well 
pointed out by Berthollet. 

The orders of affinity which the feveral bafes 
have for the acids is ufually determined by 
adding any bafe to a known combination of an 
acid and another bafej and if the latter bafe 
is precipitated it has been inferred that its 
affinity for the acid is lefs than that of the other 
bafe. Thus when lime is precipitated by adding 
potalh to muriat of limO} it is inferred that 
potaih has a llronger affinity for muriatic acid 
than lime} and hence the preference in the 
order of affinity has been given to the molt 
foluble bafes. But on the other hand, the 
refpeftive affinities of the acids has been deter- 
mined in the contrary way} as for example} 
when oxalic acid is added to muriat of lime a 
precipitate of oxalatof lime is produced, whence 
the fuperior affinity of the oxalic acid over the 
muriatic for lime has been deduced. Thus in 
thefe cafes the preference in affinity has been 
given to thofe acids which have the moll dif- 
pofition to form infoluble combinations. 

But many inftances may be given to fhew 
that the phenomena of precipitation are diftinfl 
trom thofe of chemical affinity, fo that the 
refulting infolubility or force of cohelion which 
produces precipitations is fometimes fuper- 
added to the Ample force of affinity, and at 


other times oppofed to it,* and ought in ftriftnefs 
to be always conlidered as a diftinA principle. 

Qf Metallic Precipitates. 

The metal of every metallic folution in any 
acid is always in the, (late of an oxyd, fo that 
the folution mult contain at lealt three fubftan- 
ces, the acid, the metal, and. oxygen united 
with the metal. But the proportion of the 
latter is fubjedt to a great number of variations, 
and is different both with the feveral metals and 
with the fame metal in different circumltances. 

A metallic folution may be decompofed and 
its metallic part precipitated either in the 
reguline Hate or as an oxyd, and thefe two 
methods, which have each oeen adopted in the 
analyfls of metallic bodies, require to be con- 
fidered feparately. 

When a carbonated alkali is added to a 
metaUic folution, the precipitate is a carbonated 
oxyd of the metal, and like the other carbonats 
effervefcea on the- addition of a llronger acid. 
But when a pure alkali is added only to fatura- 
tion, the precipitate is in fome inftances nearly 
a pure oxyd, but in the greater number is an 
oxyd retaining a fmall portion of the acid with 
which it was united. This acid however is not 
fufficient to render it foluble and it may be 
generally entirely taken away by fubfequent 
digeftion in a concentrated fixed alkali provided 
the oxyd is not foluble therein. 

The firft a£lion of alkalies therefore on moll 
metallic folutions is to caufe an unequal divifion 
of the acid, the greater part of which unites 
with the alkali, and the remainder falls down 
along with the oxyd now rendered infoluble. 
If ammonia be the alkali employed, there is 
alfo in general a partition of the alkali, and the 
precipitate is a quadruple compound, of the 
metal, the oxygen united with it, and a.fmall 
portion of the acid, and of the ammonia; and 
the folution contains the greater part of the 
acid, of tlie alkali, and often a fmall part of 
the metallic oxyd fufficient to be very fenfible 
to the tafte, and to chemical tefts. According 
to Proull, lime alfo when ufed as a precipitant 
enters in a fmall proportion into the precipitate. 

Metallic folutions fometimes yield precipi- 
tates on the mere addition of water, by the 
Ample diflribution of the conftituents into two 
portions, a foluble and an infoluble one, the 
former of which has an excefs of acid, and the 
latter of oxyd- Thus when the clear nitrat of 
bifmuth is diluted with water a white precipitate 
falls down which is chiefly oxyd of bifmuth, 
and the fupernatant liquor contains an excefs of 
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ncid and a fmall portion of metal which mav 
be feparated by evaporation or by an alkali. 
In like manner if fulphuric acid and mercury 
are treated together, fulphureous acid is given 
outf and the white mafs that remains is an uni- 
form acid fulphatj which dcliquefces into a 
denfe folution. But if hot water be added, 
the turhetb or yellow fuh^fulphat of mercury is 

5 precipitated, and the folution contains an acid 
iilphat. Even the firft turbith may be further 
decompofed by a frefh afFufion of hot water 
dividing it into a turbith Hill more loaded with 
oxyd, and an acid folution. 

Tbefe, and many other fa<EIs which might 
be adduced, illullrate the general law of de- 
compofition by precipitation, and the conftant 
tendency of metallic falts to divide into two 
compounds, each confiding of both the condi- 
tuents of the fait but diliributed in unequal 
proportions. Thefe phenomena are rendered 
• dill more complex by the addition of new fub- 
dances, mod of which being deferibed under 
the refpedtive metals, a repetition in this place 
would be needlefs. 

The fccond fpccies of metallic precipitates 
are thofc in which the metal appears in its re- 
^uline form. This takes place when one metal 
is precipitated by another, as when a piece of 
iron is immerfed in a folution of copper, and 
alfo when phofphorus is kept for fome time in 
certain metallic folutions. 

Before the difeovery of oxygen, and of the 
oxydation of metals being neceflary to their fo- 
lution in acids, the precipitation of one metal 
by another was fuppofed to be produced by 
iimple elective attra^ion, and the refpeCtive 
affinities of the metals for the acids was put 
•down in tlie order of the precipitations which 
they produced. But this explanation though 
true in general, does not explain a number of 
apparent anomalies in metallic precipitation, fo 
that we mud take into confideration the force 
of other agents and other affinities. 

The order of the precipitation of one metal 
by another is the following, among thofe that 
have been the mod accurately examined, viz. 
zinc,=" iron, lead, tin, copper, filver, mercury, 
gold; that is to fay, zinc precipitates all the 
other metals; iron precipirates all but zinc; 
lead all but zinc and iron, &c. 

But fometimes the precipitation fails with 
folutions in one acid, though it fucceeds with 
others; thus zinc feparates iron in the metallic 
date from muriat of iron, but only as an oxyd 


from the nitrat. A fmall excefs of acid is ne- 
ceflary to be^in the procefs in all cafes. 

During this operation the following affinities 
mud a£t, namely, that of the precipitant (or 
metal by which the reparation is efTcCled) for 
the oxygen of the metal already diflblvcd ; that 
of the oxyd thus produced, for tlic acid of the 
folution ; and to this Bcrthollet adds, th.it of 
the two metals for each other when in the rc- 
guUne date. The fum of thefe affinities mud 
overcome that which exifts between the coiidi- 
*tuent parts of the metallic fait intended to be 
decompofed.** 

It is poffiblc therefore that no precipitation 
may take place even when the metal added has 
a greater affinity for oxygen than that already 
dillblvcd, if the oxyd or the former metal has 
a lefs affinity for the acid than the oxyd of the 
latter has. And on the other hand a precipita* 
tion may be cflc£led even if the precipitant has 
lefs affinity for oxygen than the metal already 
diflblvcd, provided its oxyd has a greater affi- 
nity for the acid. In this latter ciife however 
there mud be a confiderable excefs of acid pre- 
feiit in order to begin the oxydation of the pre- 
cipitant. Thus, again, it is explained why a pre- 
cipitation will take place with the folution in 
one acid, and not in another, fince tlic acids 
themfclves difter confidcrably in their affinity 
for the fame metallic oxyd, lo that in the fird 
cafe, this affinity may furpafs that of the fame 
acid for the metallic oxyd already diflblvcd, and 
in the fecond may fall Ihort of it. 

Still however (as Berthollet remarks) if the 
only a£):ive affinities in thefe cafes were thofe 
of the metals for oxygen and the oxyds for 
acids, it is not probable that the reduction of 
the metal whofe affinities were the weaked, 
would be con>pIeie, but in all probability there 
would be only an unequal partition of tne acid 
and oxygen, to as to produce the oxygen- 
ated falts of one metal, and the b/s oxygenated 
falts of the other metal, which W(.uld be 
agpreeable to the ufual mode of adHon in flmilar 
cafes. Hence it becomes neceflary to recur to » 
the well-known affinity wliich exifls between 
the? metals themfelves, and many fadls ffiew 
that this is concerned in thefe procefles. 

For example when a plate of polifhed copper 
is dipped into a folution of nitrated mercury, it 
is indantly whitened by the mercury prccipU 
rated upon its furface, but this metal is not 
merely depofited upon the copper, bat amalgam- 
ated with it, fo that it cannot be feraped or* 
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Tiibbed off, but can only be feparated by fire. 
Here then the afiinitv of the mercury for the 
copper muft zQ, forciolv in caufine its fepara- 
tion from the nitric acid which held it in folu- 
tion. In like manner when copper is immerfed 
ill a folution of (ilver» the precipitated metal is 
•not pure filver, but an alloy^ containing a very 
fmall portion of cbpper. As this mutual affi* 
tiity exiftitig between the metals varies accord- 
ing to the metal employed, this alfo explains 
why iron (for example) precipitates lilver from 
its folution with much more difficulty than 
.copper, though iron has a much (tronger affi- 
nity for oxygen than copper (as is proved by 
;the precipitation of copper by iron) for the 
affinity between (ilver and copper is much 
itronger than between filver and iron. 

As then metallic precipitates are in faA al- 
loys (though often with fuch a fmall propor- 
tion of the precipitant as to be fcarcely fenfi- 
ble) it is neceflary that the combination of the 
jnetals muft firft be made when both are in 
folution, for we can conceive of no other me- 
thod by which two folid metals (copper 'and 
iron, for example) ihould be alloyed in a com- 
mon temperature. The whole procefs there- 
fore muft be the following, taking the above 
metals as inftances ; a portion of the iron muft 
firft be oxydated and diflblve in the acid, and by 
this it difoxydates and precipitates in the me- 
tallic form an equivalent portion of the copper, 
during which time the difiblved iron muft di- 
vide icfelf into two very unequal portions, of 
which by far the largeft part remains in folu- 
tion, but the remainefer muft return to the me- 
tallic ftate to unite with the copper and to be 
precipitated along with it. This complicated 
action muft take place even, from the firft, for 
how elfe can the union of the two metals be 
accounted fori and ftill lefs can it be explained 
without this fuppofition, as the precipitation 
proceeds, when the furface in contau with 
^very frefti ftratum of precipitate is no longer 
iron, bjojt an alloy of copper and iron almoft 
jipproaching to pure copper. 

^rhis leads us alfo to confider what is the affi- 
nity that determines the place to whieh the 
precipitates attach themfclves. In the firft in- 
fiance, that is, when a furface of pure iron is 
oxpofed to the cupreous folution, the precipi- 
tate may be fuppofed to attach itfelf to the iron 
gather than to fall down loofe in the vefiel on 
jiccount of the affinity exifting between iron 
jSmd copper alloyed with a little iron; but after 
.4bp furface of tlie iron bar is covered, each 


fucceflive ftratum of precipitate , attaches itfelf 
not to the iron (for this is covered) but to the 
furface of the precipitate already formed, 
that is to fiw, to a fubftance of exaAly the 
fame compofition as itfelf. In this latter cafe 
therefore, the fame kind of affinity ads as 
when a faline folution during cryftallization 
depofits its cryftals on the portion of fait al- 
ready ^feparated, rather than on a naked fur- 
facc. The adhefion in this inftance, however, 
is very flight, and readily broken. » The pro- 
portion of the precipitant which enters into the 
alloy is probably greater in the firft ftratum of 
precipitate than in the fubfequent ones; thus 
when copper is feparated by iron, the part im- 
mediately in contad with the iron is vifibly 
browner than the reft, owing probably to a 
larger admixture of iron. 

ft has been mentioned that phofphorus will 
feperate fome metals from their lolutions in 
the reguline ftate. Thefe are particularly gold, 
filver, mercury, and copper. If a ftick of clean 
newly-melted phofphorus is immerfed in an 
acidulated folution of fulphat of copper, in a day 
or two it becomes beautifully fpangJed with little 
knobs of bright metallic copper, which gradually 
increafe to a thick cruft, after which if the ftick 
is put into boiling water, the phofphorus will 
melt out, and leave a delicate hollow cylinder 
of copper. In this cafe however, as in the 
former, the precipitate is not pure copper, but 
an alloy of copper with phofphorus, or a phof- 
phuret, in which however the quantity of phof- 
phorus is extremely fmall, and the folution 
contains phofphoric acid. When phofphorus 
is introduced into a folution of mercury, only 
part of this metal aflumes the metallic form, 
and the reft is oxyd combined with phofphorus 
and phofphoric acid. 

From what has been obferved above it is 
obvious that the method of recovering one me- 
tal* f]!bm its folution by the addition of another, 
which is fo often reforted to in analyfis, requires 
confiderable precaution, is liable to many inac- 
curacies, and can only be employed witn pro- 
priety in certain cafes. The circumftances 
which forbid its ufe, or render it inconvenient, 
are the following.* ill. Where the fait formed 
by the union of the precipitant in the acid is 
infoluble in water, and will mix with the pre- 
cipitated* metal from which it cannot be readily 
feparated, as when fulphat of copper is decom- 
pofed by lead, antimony, or mercury, for the 
fulphats of thefe metals are little loluble in 
water: or andly, where the newly formed fait 
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would be decompofed by the water^ as when it differs from eeolite with which it has other-' 

any nitrated folution is precipitated by bif- wife a confiderable refemblance. 

snuth : or 3dly, when the whole of the new The prehnite of the Cape of Good Hope has 

oxyd formed by the transfer of oxygen from been analyfed by Klaproth, and that of France' 

the precipitated metal tq the precipitant cannot ^y Hafienfratz, with the following refults* 

be diffolri^ by the acid prefent, as when nitrat Klapr. Hafll 

of copper is decompofed by lead, in which cafe 43-^3 — 50* Sile*. 

the precipitate will be very targdy alloyed by 3o-33 ~ ^*4 Alumme; 

the precipitant; or 4thly, when the affinities of *8*33 “ 213.3 Lime. ^ 

the precipitant are fuch as more eafily to de- 5.66 4.9 Oxyd of iron. 

compofe the acid, than to abforb the oxygen of 1.83 ^ 0.9 Water. 

die metal already diflblved, as when nitrat of o. 0.5 Magnefia. 

copper is dccopipofed by zinc, in which cafe — — 

die precipitate is partly reguline and pardy 99*98 100.0 

oxydated ; and sthly, where the affinities be- It occurs in veins in primitive llaty gruns- 
tween the two metals are fo (trong that the tein, alfo in rocks of the moll recent floets 
precipitate is largely alloyed with the prqcipi- trap formation. It was fir ft difcovered by 
tant, as when a folution of filver is decompofed Col. Prehn at the Cape of Good Hope, and 
* by mercury. has fince been found in Dauphine in France, 

Of thefe five cafes, the 3d is probably that in the valley of Faffa in the Tyrol, alfo in 
which much more contributes to produce a Arthur^s Seat near Edinburgh, and in other 
large alloy of the precipitated metal than even parts of Scotland. 

the affinity exifting between the two metals ; PRINCE’S METAL. See Coppbr, Alloys 
thus Vauquelin found that 50 grs. of copper, of. 

diflblved in nitric acid even with excefs of acid PRODIERSTEIN^ See Kibsxlsckibvek.. 

required no lefs than 216 grs. of lead for its PROOF BOTTLE, an article of chemical 

compleat feparation, and the precipitate, in- apparatus; for an account of which fee the 
ftead of weighing only 50 grs. amounted to Appendixv 

128 grs. of which therefore 50 were copper, PRUSSIAN BLUE, BerlinerUau, Germ*, 

and 78 were lead. Yet thefe two metals have PRUSSIC ACID, Blaufaure^ Germ, 

but little affinity for each other. This incon- Pruffian Blue is a pigment of a beautiful 

venience is corre£ked, though not entirely re- dark blue colour whi(m was difcovered about 
moved by adding a confiderable excefs of acid, the year 1710 by a chemift of Berlin of the-^ 
PRECIPITATE, HuhitCy 1 arc all oxyds or name of Dicsbach by the accidental mixture of* 
PRECIPITATE, redy p faltsof Mercury, a folution of vitriol of iron with an alkali' 
PRECIPITATE, per fe j •which see. which had been highly impregnated with ani— 

PRECIPITATE, purple^ of Caffus* See mal matter. This difeovery led to the prepa— 
Gold. ration of this fubftance as a pigment, but the 

PREHNITE. precife procefs was long kept fecret till it was 

Its colour is pale green, either whitifh, greyifh, made known in the Philofophical Tranfadliona- 
oryellowifh. It occurs generally in mafs, but for 1724, by Dr. Woodward. This has been 
is (ometimes cryftallized in oblique quadrilate- adopted with fome variations by fucceeding 
ral prifms. chemifts. 

The cryftals are either fingle or aggregated; The procefs of preparing Pruffian blue as* 
and are fmall or middle fized. Externally they given by Macquer, in his valuable memoir on' 
are fmooA and fhining; internally they have a the fulyefl, is the following.: prepare a quan— 
ffltftening pearly luftre. tity of bullock’s blood by moderate drying, till» 

^ The fta£lurc is foliated or divergingly radi- it is reduced to powder, mix four ounces of 
ated; the fragments are indeterminately angu- this with as much carbonat of potafh (made^ 
lar and wedge-ihaped. It is tranflucent, but by calcining equal parts of nitre and taTtar)> 
fometimes is nearly tranfparent. It is fome- put the whole in a covered crucible with ai^ 
what harder than glafs, and is eafily frangible, fmall hole at the top^ and .calcine it in a mode*- 
Sp* gr- 2^*6 ^o 2.94. rate fire till no more fmoke or flame iffuea^ 

jkfore the blowpipe it boils and melts into a through the hole, at which time the mafs wilP 
yeliowifli brown enamel, but it does not be- be black and carbonaceous; then raife the heatr. 

' ^me gelatinous with acids, in which refpe£l till the whole is moderately red, and removeifc 

' 2 1 % 
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from the fire. Then take ot»t the contents of Pruflic acid, of oxyd of iron, generally of pot- 
thc crucible, and boil them for half an hour with alh and of aluinine, but the two laft of thefe 
two quarts of water and filter the liquor. Add are in no degree eflential to the Pruflian blue, 
to tliis immediately a folution of two ounces of chemically fpeaking, as the folution of fulphat • 
vitriol of iron and eight ounces of alum, in two of iron alone will produce it of as fine a co- 
quarts of boiling water, which will caufe a lour, and as perfe£l a chemical compound, 
great effcrvcfcence, and a copious depofit of a The alumine may be entirely put out of the 
blue-green precipitate. Separate this latter by queftion, as the fubje£t is fufficiently compli- 
filtration, and add to it a few ounces of muri- cated without it, and its ufe feeins chiefly to 
atic acid with much ftirting, which will imme- be to give a body to the colour (as in preparing 
diatcly change the colour from blue-green to a the alum lakes) and perhaps to render it more 
deep blue. The quantity of acid is to be de- convenient for the painter’s ufe. 
termined by the eft'eft produced. The preci- The inveftigation of the properties of this 
pitate after ftanding for a day is then thoroughly moll Angular fubHance, is perhaps, one of the 
waihed and flowly dried, and is the Pruflian rooft perplexing in chemiftry, as the fubftance 

called Pruflic acid, is quite /ui generis, and ex- 
This with fome variations in the proportions creifes aflinities which are remarkably compli- 
of ingredients and in tlte exaft manipulation is cated, and fcarcely to be explained by analogy 
faid to be the ufual way of preparing this pig- with any otlier known body, 
ment in manufaflure, and will always fucceed Macquer in a very elaborate enquiry ex- 
to a certain degree. Neverthelefs feveral che- plained fome of the moft important combina- 
mifts who have exa£Hy followed it in the large tions of this fubflance, but little was known 
way for the purpofe of fale, have been difap- concerning the intimate nature of Pruflic acid, 
pointed in the quantity yielded, and have not before the moft admirable refearches of Scheele, 
^ways fucceeded in the quality of the article, fo who, with an intelligence and fagacity peculiar 
that It is probable that there are fome particu- to himfelf, devifed and performed a number of 
lars in the manipulation, &c. which are only experiments on this Angular fubftance which 
known to the manufa 61 urer 8 . immediately explained many of its moft im- 

It is immaterial whether the alkali ufed in portant properties, and opened the way to the 
the calcination with blood is' cauftic or carbon- fine experiments of Berthollet and fucceeding 
ated, fo that the latter is always employed, chemifts. 

Any good pcarlalh will anfwer the purpofe, PruflTian blue is infoluble in water and in 
and it is better to ufe from two to three times acids. Though the lixivium from which it is 
as much dried blood. formed is made at a red heat, the Pruflian blue 

This procefs confifts eflentially of two ope- itfelf is entirely decompofed at this temperature 
rations, .one, the impregnation of the alkali giving out carbonated hydrogen and carbonic 
with that peculiar principle contained in the acid, and the oxyd of iron and alkali are left 
blood (and in moft other animal matters) which behind. 

gives the power of ftriking a blue colour with We cannot follow a better order in ourac- 
iron, and is called the Pru[ftc jicid^ and the count of this Angular fublbance, than by firft 
other, of partially decompofing this alkaline giving a Ihort abllraft of the experiments of. 
prufliat by the mixed fulphats of iron and alu- the illuftrious Swedifli chemift.» He firft ex- 
mine, and uniting thereto the oxyd of iron and amined the liieivium fanguinis, or liquor ob- 
the alumine feparated by the alkali. The ufe tained by diflblvine in water all the foluble 
of the muriatic acid in finifliing the procefs, part of the mafs of calcined blood and alkali, . 
appears to be (as we (hall prcfently mention) before the folution of vitriol of iron is added, 
cniefly to dilTolve out die fqperfluous oxyd of This lixivium, compofed of Pruflic acid and 
iron, and bring the whole to that fine blue potalh, foon lofes its power of forming Pruflian 
colour for which this fubftance is fo much ad- blue with folution of iron when it has been . 

expofed to air. This the author conjectured 
The firft lixivium of the alkali after being might be owin^ to the carbonic, acid of the 
calcined with the blood, was formerly termed atmofphere, which fup^fition was confirmed . 
Phlogifticaled Alkali, hy confining a little of it in an atmofphere of 

PrulTian blue as commonly prepared is a fixed air for a day, after which the oxyd of ' 
ircry compounded fubftance, cbnfifting of the. iron produced by adding vitriol of iron to it, 

* Scbcele’t EiTiiys bn Prafliia. Blue. 
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was* again foluble in acids, and was therefore ted. The pruflic acid of this aqueous folutiou 
not’ prulliated iron, fo that the lixivium had was ftill more volatile than in the lixivium, as 
been converted into fimple'*carbonated potafh. might be expedlcd, and was entirely difTipatcd 
This was owing to the carbonic acid confined by a fhort expofurc to air. In diflilling this 
with }t having united with the potafh, and dif- liquor the procefs may be flopped after about a 
placed the pruflic acid which was volatilized, third has come over, as this contains all the 
The Pruflic acid therefore is (hewn to have lefs prulTic acid. It alfo holds a little ‘of the ful- 
affiniw for alkalies than even the carbonic, and phuric acid (as dctedled by precipitating a ba- 
to aflume the gafeous form when expelled rytic folution) fo as to redden litmus, which 
from its bafe. Some of the lixwium Janguinis the pure prulfic acid will not do. 
was then lirft mixed with a little vitriolatcd It was then attempted to procure this acid 
iron, which turned it yellow, and afterwards from the prufTi an blue itfe If, or rather from that 
expofed to carbonic acid as in the former cafe, yellow cryilallizcd fait obtained by digefling 
but now the pruflic acid was not. expelled, fo the blue with caiiftic alkali in the way that 
that it ftill was able to form a perfe£l Pruflian will be afterwards deferibed. This is a triple 
blue by a further addition of vitriolated iron, fait compofed of pruflic acid, potafli, and oxyd 
and fubfequent wafhing with muriatic acid, of iron, and therefore one in which the iron 
Another portion of the lixivium was boiled for ferves as a bond of union between the acid and 
• fome minutes with the green oxyd produced by alkali. It contains Icfs oxyd of iron than the 
decompoflng vitriolated iron by an alkali added pruflian blue, and hence whenever any portion 
when ftill wet, and this was expofed to the air of its pruflic acid is abftraflcd, the remainder 
for fome time, but t ftill retained its power of is liable to pafs into the ftate of pruflian blue, 
forming Pruffian blue. On the other hand. This fait fliould be termed in ftvidinefs prujliat 
when anotlier portion was boiled with the fully of potajh and iron^ to diftiugiiifli it from the 
oxydatrd calx of iron from a nitrous folution, Ample prufliat of potafh, fiich as exifts in tlie 
none of the metal was taken up, and the lixi- lixi^fium /angmn'sy but as the latter is fcKlom 
viiim then loft its Pruflic acid by fliort expofure prepared, the triple prufliat above mentioned 
to air. Hence the important fa£l is proved, nas got the name (imply of prujftai of potajh^ 
that the prefence of iron is neceflary to give which we lhall here retain, 
fixity to the pruflic acid though already com- To obtain the acid from this fait, an ounce 
billed with an alkali, and to prevent it from of it was diflblvcd in four parts of water, to 
being fpeedily diflipated by the weakeft agents, which were added three dr.iclims of fulphu.ric 
even by the carbonic acid of the air. acid, and the whole was put into .1 retoit with 

To detc£l more fully the volatilization of a clofe receiver. As foon os the niafs began 
the pruflic acid when not detained by iron, this to boil, it grew thick, and a great quar.fity of 
clicmift fufpended over the fimple lixivium pruffian blue was fcparatal. 'Hie Jiflillalion 
fome paper firft dippciL in vitriolated iron, and \vas continued till an ounce of liquor had 
then pencilled with alkali, and after two hours pafled over, which proved to be pure prullic 
expofure on dropping muriatic acid on the acid (imply diflblvcd in water, and all tLc vef- 
fpot> it became covered with the fineft Pruffian fols were alfo full of the vaporized pruffic :.i id. 
blue. The blue mafs in the. retort was tJicn fiken-d, 

Thefe experiments led to the attempt to ob- by which a clear liquor (wliich contained merely 
tain the pruffic acid perfectly free from all fulphat of potafli) was feparatod, and the pru(- 
combination. For this purpofe the lixivium fiaii blue remained on the filter. This blue 
fanguinis (without iron) was fuperfaturated was again boiled with cauftic pota(h, to con- 
with fulphuric acid, and diililled from a glafs vert it into prufliat of potafli, and diftillcd with 
retort with a gentle heat. When one-third had fulphuric acid as before, during which prccifoly 
palTed over into the receiver it was examined, the fime phenomena took place as at firft. 
It was a watery liquor with a peculiar tafte prufliated water and gas were diftilled, 'and 
and fmell like peach-flowers, but it had de- fome pruffian blue and fulphat of potafh were 
tained only a part of the pruffic acid expelled, formed. The fame was repeated a third time, 
as .the air mand around the velfels was ftrongly with fimilar appearanci^s, only that the quan- 
impregnated with the volatile acid, and turned tity of regenerated blue was now very minute, 
paper blue that had been dipped in an iron fo that it appears that by a fuccellion of thefe 
folution and alkali, as in the cafe already men- operations ail the pruffic acid m:fy4>e expelled' 
' tioned. But enough of the acid was detained from the prufliat. 
by die water to be clearly detcdled by the iron But this method of obtaining pure pruiTic 
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acid being ttoublefome and imper{e£l:> (owing 
<o the conftant regeneration of pruflian blue; 
the fame excellent chemill difeovered a ftill 
better way, and which is the one now followed. 
When prufliat of potafh or pruflian blue is 
digeited with any oxyd of mercury, the pruflic 
acid unites witii this metal, and a (oluble 
prufllat of mercury is formed which cannot be 
decompolcd flngly by acids or alkalies, and may 
be brouglit to cryftallize by evaporation. When 
this prufliat is digefled with metallic iron the 
firil a£tiou of the iron is to deprive the mercury 
of its oxygen, and precipitate it vifibly in die 
metallic (late; and the pruflic acid is fet at 
liberty. This however would immediately 
unite with the iron if it were not prevented by 
the prefence of a ftronger acid, for which the 
fulphuric (or indeed any other) may be added. 
Then on applying heat, the difengaged pruflic 
acid rifes in diftillation with the flril water that 
comes over, and may be colle£fed. The exadt 
'procefs of Schcele^ is the following: to two 
ounces of pruflian blue mixed with one ounce 
of red mercurial precipitate, 6 oz. of water 
were added, and the whole was boiled for fome 
minutes wiA conftant agitation, when the blue 
colour entirely difappeared, and the mafs be- 
came of a yellowifti grey. It was then filtered, 
and the mafs on the filter edulcorated with a 
little hot water which was added to the clear 
liquor. This, which had a ftrong mercurial 
tafte and was pure prulTiat of mercury, was 
then poured upon i-| oz. of clean iron filings, 
to which were added 3 drains of ftrong fulphu- 
ric acid. The whole was well agitated, and in 
a few minutes it was turned cjuite black by the 
reduced quickfilver, and at the fame time loft 
its mercurial tafte and acquired the peculiar 
peach-flower fmell of free pruflic acid. The 
liouor, poured off from the mercury that had 
funfided, was then put into a retort, and a 
fourth part of it was diftillcd over into a well 
luted receiver, and this liquor was now aqueous 
pruflic acid, with no other admixture than that 
of a little fulphuric acid which had rifen along 
with it. This was got rid of by mixing it 
with a little chalk, and a fecond diftillation. 
Probably barytic water would be preferable, as 
every diftillation volatilizes and deftroys a por- 
tion of the pruflic acid. 

There appears at firft fight a contradiflion in 
the order ot affinities between pruflic acid, iron, 
and mercury refpe£lively, when it is found on 
the one hand that oxyd of mercury decompofes 
l^rHCan Uucj. and takes thia acid uom the iron 


and potafh with which it is united; and on the 
other hand when iron filings again compleatly 
decompofe prufliat of mercury. BerthoUet 
explains this apparent contradiAion by al- 
letlging that the oxfd of mercury has a 
ftronger affinity for this acid than the ox\d of 
iron, even combined with potafh, and nence 
any mercurial oxyd or fait will decompofe 
ruffian blue and give a pure prufliated mercury; 
ut on the other hand iron has a greater affinity 
for oxygen than mercury has, and hence metallic 
iron decompofes the oxyd of mercury exifting 
in the prufliat, and the mercury, now brought 
to the metallic ftate, feparates from the folution.^ 

We (hall now deferme thd properties of this 
acid and its compofition, and afterwards proceed 
to its combinations, in which it will be ncceflary 
in fome degree to return to thofe prufliats of 
iron and potafli which have been already par- 
tially defer ibed. 

The Prussic Acid, (the preparation of 
which in a liquid form has been already defer!- 
bed) has a fweetifh and acrid tafte, and a fmell- 
refembling that of peach-flowers or bitter 
almonds; nor is this latter circumftance a mere 
coincidence, fince this acid is a£lually found 
in many parts of vegetables. It is ftrongly 
poifonous. It does not redden vegetable blues, 
and hence, as well as from the abfence of 
foumefs of tafte, it is verv doubtful how far it 
ought to be entitled to tne name of an acid, 
though from its property of neutralizing alkalies 
and forming cryftallizable falts with them, and* 
with metallic oxyds, it is more conveniently 
clafled among thele bodies. It does not appear 
to contain any oxygen. It precipitates fulphu- 
rets, and curdles foap. It is extremely volatile 
when limply united with water, or with an 
alkaline bafe fingly, and is expelled from the 
latter by every known acid, and even by light, 
and by a moderate heat. It cannot be cryftal— 
lized. 

It has no a£Iion upon metals, but unites with 
their oxyds, forming combinations for the moft 
part infoluble, and not eafily decoxnpofable by 
othef acids. It has the greateft tendency to form 
triple falts when in conta£f with an alkali and 
a metallic bafe, and it adheres to the alkalies 
and earths with much more force when alfo 
united to a metallic oxyd (particularly of iron)^ 
than when only in Angle combination. It is 
totally decomjpofed by oxymuriatic acid# The 
double and trmle falts formed bv this acid with 
the different bafes will be prefratly deferibed^ 
but we firft mentipn the epeperiments of 
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Scheelcy Berthollet* and others, which lead to 
an explanation of the nature of this lingular 
fubftance. 

Thofe of Scheele were the following (among 
many others of lefs importance). 

Some pure pruflian blue was prepared and 
diftUled per fe in a retort, to which was attached 
a receiver containing a little water. The lire 
was urged till tlie retort was red-hot. The 
water in the receiver contained fome undccom* 
pofed prudic acid, and ammonia, and the air 
of the veflel was impregnated with the volatile 
acid, and with carbonic acid gas. The mafs 
that remained in the retort was black and mag- 
netical. Hence ammonia appeared to be one 
of the conftituents of prufllc acid, and the other 
the author was at firll difpofed to believe to be 
an animal oil. He then endeavoured to com- 

S >ofe prullian blue by uniting ammonia with 
bme oily matter by dillillation of this alkali 
with fat, lard, oil of turpentine, &c. but to no 
purpofe. This led to tne further conjedlure 
that it was the carbonaceous part of the oil 
alone that was eflential, which was confirmed 
by the following experiments: two crucibles 
were filled with a mixture of charcoal powder 
and alkali of tartar, and kept for a quarter of an 
hour at a red^heat. The contents of one were 
then thrown into, water, but into the other fome 
dry muriated ammonia was ftirred in, and heat* 
cd for a minute or two till no more ammoniacal 
vapours were given out. This was then lixivi- 
ated with water. On trying the lixivium from 
the firft crucible, with vitriol of iron, and acids, 
fcarcely any fenfible quantity of pruflian blue 
was obtained: but the fecond gave it in abun- 
dance. In another experiment, plumbago was 
fubflituted to the charcoal, and after calcination 
witli potafh and fal-ammoniac, it yielded pruf- 
(ian blue. From thefe interefting experiments 
it appears that the pruflic acid is generated by 
fome peculiar adion of charcoal on ammonia, 
af&fted, doubtlefs, by the operation of potafh, 
or in other words, that it is, probably, ammo- 
nia intimately combined with carbon. Hence 
when pruflian blue is mixed with fix times its 
weight of black oxyd of manganefe and diftillcd, 
nothing but carbonated ammonia comes over 
into the receiver. 

Berthollet purfued thefe ingenious refearches, 
calling in the afliftance of anotlier and moft 
powerful agent, the oxy muriatic acid. If this 
acid is mixed with liquid pruflic acid prepared 
in the way given hj Scheele, the oxymuriatic 
acid lofes iu peculiar fufFocating fmell, and 


becomes common muriatic acid, wliilfl the 
liquor acquires a much more pungent odour, 
and appears to have become more volatile, and 
its afhnity for alkalies to be leflened. In tins 
ftate the precipitate which it forms with tlic 
folutions of iron, is at firll green, but turns 
blue by the a£lion of light, or by lulphurcous 
acid, that is (probably) by lofing a part of its 
oxygen. When fulphat of iron is mixed with 
oxymuriatic acid, and prufliat of potafh is added, 
the green precipitate firfl formed is rediflblved, 
but may be changed to the common infoluble 
blue prufliat by fimple fulphat of iron, or iron 
filings, or fulpliureous acid. If pruflic acid is 
fully impregnated with the oxymuriatic and then 
expofed to the light, its properties as pruflic 
acid arc deflroyed, and new ones are acquired. 
It now no longer combines with^ iron, and 
aflumes (|uite a different and very peculiar fmell, 
and when ihaken with water, a great part 
colledls at the bottom on flandtng for a few 
feconds, and refemblcs in appearance an eflen- 
tial oil. This Angular fubflance however is not 
inflammable, but at a moder;^te increafe of heat 
it rcfolves into a vapour immifciblc with water. 
If left to itfelf, in time it cryflallizes, but the 
nature of thefe cryllals is not known. 

Though pruflic acid at firfl contains no ammo- 
nia, as men, (at leafl not in a ftate to be difen- 
gaged by lime or the alkalies, as is the cafe 
with ail the known ammoniacal mixtures) yet 
when it has been brought by oxymuriatic acid 
to that point at which it precipitates a green 

[ irufliat of iron inftead of a blue, and fixed alka- 
ies or lime are added, it now gives the volatile 
alkali in abundance, and lofes its peculiar peach 
flower fmell. At the fame time it effervefees 
with the flrongcr acids, and carbonic acid is 
difengaged. Hence it feems tlic moft probable 
fuppofition that prufllc'acid contains neither car- 
bonic acid nor ammonia ready formed, but the 
elements of thefe, f with the exception of oxy- 
gen) or in other words, that pruflic acid is a 
combination of carbon with hydrogen and azot. 

The method indicated by Scheclc of com- 
pofing prufTic acid, by heating together ammonia 
and charcoal, was repeated by Clouet^ in a 
diflerent manner, that is, by pafling ammonia- 
cal vapour through red-hot charcoal. Thi^ 
vapour was difengaged from a mixture of lime 
and fal-ammoniac in an earthen retort, the nojck 
bf which was luted into a pbrcelain tube con- 
taining charcoal, and lying acrofs a fmall fur- 
nace. To the oppofite end of the tube was 
Luted a tubulated balloon, which communicated 
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with two other balloons in fucceflion, the firft 
, of which contained a folution of fulphat of iron, 
the fecond,' fome of the fame folution acidu- 
’ latcd^ and the third, an acid nitrous folution of 
iron. When the charcoal was red-hot, the 
ammonia was pafTed through it, and the gas in 
palling through the three balloons, produced a 
large quantity of Pruflian blue in the firfl (which 
contained neutral fulphat of iron) but none in 
the fecond or in the third. In another experi- 
ment the firft balloon was filled before the ope- 
ration with fulphuric acid, largely diluted with 
W’ater, the fecond contained diftilled water, and 
the third, cauftic foda in dilute folution. When 
the oj^a-ation was finiftied, the firft balloon con- 
taiiic< l fulphat of ammonia (owing to the paflage 
of fi^nie undecompofed ammonia) and alfo fome 
pruifiv acid, fo as to give the blue pruifiat on 
atlding a folution of iron. The fecond appeared 
to hold pure prufiic acid, and gave Pruflian blue 
on adding a folution of iron, and along with it 
fome alkali. In the third, the foda was found 
combined with a large quantity of pruflic acid. 

This experiment was repeated by Bonjour,^ 
who on adding potafli and oxyd of iron to one 
of the balloons, obtained in it after the diftilla- 
tion a fenfible quantity of cryftallized prulliat 
of pot^fh. 

'/"he pruflic acid often makes its appe.irance 
(and is dete£lcd either by the peach-flower fmell 
or by the blue precipitate which it forms with 
folutions of iron) during a variety of dccom- 
pofing operations on animal fubftanccs either 
fpontancous or artificial. Thus Vauquelin found 
it produced by the aftion of nitric acid on ferum, 
and Fourcroy arnl others have detefted it as an 
occafional produ£b (though rare) of animal 
putrefaction. 

This acid is alfo contained in the vegetable 
kingdom in fmall quantity, in thofe fubftances 
where the fmell would indicate it to be, that is, 
in bitter almonds, peach flowers, in the leaves 
of the lauro-cerafus, &c. As thefe contain a 
poifonous principle, it has been conjeClured 
with fome probability that it may refidc in the 
pruflic acid, which is itfelf highly deleterious. 

M. Schrader® detefled this acid in thefe 
vegetable fubftanccs by adding lime to the con- 
*centrated infufion or diftilled water, then ap- 
plying a folution of iron and acid. Vauquelin 
alio ^ obtained a notable quantity of the acid in 
the diftilled water from the kernels of apricots, 
and that of bitter almonds. Thefe waters were 
mixed with a folution of iron, then precipitated 
entirely by ammonia, and after ftirring the mix- 


ture and repofe for fome hours, fulphuric acid 
was added, which diflblved the excefs of oxyd 
of iron, and left an infoliible blue-green precipi- 
tate, which retained its colour for fome days, 
but immediately became blue in the heat of 
boiling water. The alkalies took away the blue 
colour and changed it to yellow, as they do the 
common blue prufliat of iroil. As tne heat 
employed here was not fuperior to ;j(^at of 
boiling water, it appears more thaff* probable 
that the pruflic acid was merely expelled from 
the almond and other kernels diftillation, and 
not formed in the procefs, which therefore will 
entitle the prulTic acid to be confidcred as one 
of the immediate vegetable principles. 


Prussiats. We fliall now deferibe more 
fully the more important combinations of this 
acid with the various bafes. 

Prujfiat of Iron. This fait cannot be made 
by the dire« combiiiatron of the pruflic acid and 
iron, but is always the rofult of the decompo* 
fition of the folution of iron in another acid. 
When the pure pruflic acid is added to any fo- 
lurfon of this metal, the prufliat of iron thus 
formed is at firft green, and is foluble in acids, 
hence much of it, and often the whole, remains 
in the folution, and no precipitate occurs. But 
on expofure to the rays of light, or to fu’phu- 
reous acid, or if metallic iron is added to the 
folution, the colour becomes blue, and the 
prufTiat, which is now no longer foluble in 
acids, falls down. Hence it would appear that 
pure blue priiffiat of iron (which may be diftin- 
guiflied from PrttlJtan blue by containing nothing 
but pruflic acid and oxyd of iron) contains the 
metal in a lefs oxygenated ftate than in the 
green folution. 

.Another Ample prufliat of iron has been no*' 
ticed by BerthoIIet. When an alkali is digefted 
with blie prufliat, a divifion of its conftituent 
parts takes place ; ® the alkalr diflblves out the 
greater part of the pruflic acid, and a fmaller part 
of the oxyd of iron, and thefe three fubftancesr, 
when the folution is evaporated, unite to form 
that triple fait, the prtijffiat of potajb •with iron^ 
which is commonly termed Amply prifflat of 
potajhy and which will be prefently described. 
The remaining and infoluble part of the b!u6 
prulliat, now confifts of prulTic acid, with aii 
excefs of oxyd of iron, and is of a yellow co* 
lour bordering on red. It may be termed with 
propriety the fub^prtfjiat of iron^ but though it 

Mean de TAca^* I7t7* 


Journ. dc TEcok rolytcchni«iuc 3d Cahicr. ' Jaurn. de Phyf. tom 56. ® Ann. Chim. Um. 45. 



PRU 


f RU ( 257 ) 

always contains more oxyd, or (what is the a yellow liquid, which is a mixture of pruffiat 
fame tiling) left acid than the blue prulliat, the and fjalphat of potaih, together with a little of 
precife proportion of its conftituent parts is die white prufliat, which is held in folution, 
found to vary conliderably, whereas tnofe of and hence if expofed to the air it becomes blue^ 
the blue prufliat are - much more conftant. and a blue prufliat is precipitated. 

When -any acid is poured on this fub-prufliat. The white prufliat therefore, according to 
it diflblves the excels of oxyd, and immediately this ingenious chemid, differs from the blue 
brings it to the (late of blue prufliat, which again only in containing lefs oxygen, which it has 
^ay be decompofed by alkalies as at firft, and a very Itrong tendency to abforb from tho 
another DU# fmaller quantity of fub-prufliat is air, or from all bodies mat yield this fubilance^ 
'left $ and thus by (iicceflive applications of acid and thus to pafs into the (late of blue prufliat. 
and alkali the lyliolc may be decompofed. Thus the oxymuriatic acid eflo^s this change 

It has been mentioned that a blue prufliat immediately, the nitric acid more flowly. But 
may be made, (imply by adding pruflic acid to the fulphuric and muriatic acids have no eiFc£t. 
a folution of iron, and expofure to light. This On the other hand, the de-oxygenating fub- 
therefore can contain nothing but pruflic acid (lances, fuch as fulpliurcttcd hydrogen, have no 
and oxyd of iron, probably in proportions which cfFe£l on tho white prufliat, but bring to this 
vary but little, if at all. But when that prufliat (late the blue prufliat when long kept in contaA 
Is prepared in the ufual way, by adding prufliat with it. The fame change is produced when 
of potaih to the fulphat or atiy other fait of iron, the blue pruifiat is kept in water in a wcll-clofed 
the blue precipitate always carries down with it bottle, in conta£l with bits of iron or tin. Con- 
a portion of alkali, with which it (irmly unites, formably with his theory concerning the falta 
fo as to render the alkali infoluble in acids or in of iron, Prouft concludes therefore, that in the 
water. Hence it is that though the a£iual white prufliat the metal contains 27 percent. 
quantity of alkali in the prufliat of pota(h is of oxygen ; in the blue, when fully oxygenated, 
more than fuflicient to faturate the acid of the it contains 48 per cent, and he fuppofes that 
iron folution, the latter always remains acidulous tliere is no intermediate (late of oxygenation, 
after the blue precipitate has fublidoct. ^ This except what may be produced by the mere 
will explain the great weight of fuch precipi- mechanical mixture of one oxyd with another ill 
tates compared with the quantity of metallic any given mafs. 

oxyd contained in the folution which has been This however he fuppofes is aflually the cafe 
decompolod. for the moft part with the white prulliat, that 

Uefidcs the fpecics of prufliats of iron already is to fay, it fcarcely ever can be obtained, or at 
mentioned, that ^2|^^he blue and the yellow, or lead preferved, for any time pcrfcdlly white , 
fub-prufliat, whicn differ in the proportions of but from the prefence of atmofpherical air, or 
oxyd of iron which they contain, another is other fources of oxygen, a fmall and varying 
deicribed ^y Prouft, the nvhue prujjiaty wliich portion is always converted into the blue ox^'d, 
is dated to have the fame proportion of acid and in mingling with the whole mafs, it gives 
and iron as the blue pruiiiat, but in which thofe difiercat lliades of blue-green which are 
the metal is in a mud', lower (late of oxydation. obferved. 

The method of procuring the white pruifiat is , Such is the theory given by Prouft of the 
the following : * take a folution of green fulphat difference between tneie two prulfiats, which 
of iron, or that in which the metal is at the however is called in queflion by Bcrthollet, * 
lowed date of oxydation (and which is pre- on account of the great rapidity with which the 
pared from the common fulphat by adding iron blue prufliat is formed in various circumftances 
filings, or tin, or fulphuretted hydrogen, and where the operation of the external air can 
has been deferibed under the article Iron) add hardly be fuppofed to aft. The fafts given by 
to it a folution of pure prufliat of potaih, rather Berthollet are tlie following ; if a mixture of 
more than is fulTicicifit to deconipofe it, and the green or lead oxy dated fulphat of iron be 
cork the bottle immediately. A copious white mixed with prulliat of potaih, though the latter 
precipitate falls dowp, which is the white pruf- is in laige proportion, the liquor retains the 
fiat of iron, and foon becomes green, but if vitriolic tadc, (hewing that the..whole of the 
the bottle remains corked this colour does not fulphat of iron is not decompofed, and the fub- 
deepen, nor alter by expofure to light. After dance which Prouft calls the white prufliat is 
(lanaing for fome hours, it becomes covered by precipitated ; but if diftilled water is added to 
* DerthoUet, Chem. Sutics. • Ann. Cliim, tom. 13. ^ Chem. Sutict. 
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rhe mixture it immediately becomes of a deep 
blue» with a greenifli tinge. Muriatic acid gives 
it a deep blue colour, and fo fpeedily, that no 
fenfible action of the atmofpheric air can be 
fufpe£led. 

• Again, if fome of the white prufliat be put 
'into a ilaik filled with muriatic acid, and 
inftantly corked, it becomes perfe£tly blue, and 
the fame takes place with the fulphureous and 
phofphoreous acids. Alfo if white prufliat be 
formed in a glafs, and fulphuric acid poured 
down upon it, the whole becomes blue that is 
in the reach of the acid, whilfl the liquor at top 
remains colourlefs. Thefe three laft experi- 
ments are directly in contradifiion to Prouft, 
who afl'erts that the acids which do not impart 
oxygen, fuch as the fulphuric and muriatic, do 
xiot change the white prufliat. Berthollet ex- 
plains thefe phenomena in the following way : 
in experiments on the metallic folutions it is 
found that the oxyd of iron adheres much more 
llrongly to the fulphuric acid when it is a little 
oxydated than when it is much fo; therefore 
the ^retft fulphat is not decompofed by pruf- 
fiat of potafli when both folutions are con- 
centrated, but yet thefe two fubftances exercife 
a mutual a£lion which Amply feparates them 
from the fniall quantity of water which they 
contain. If however this quantity is increafed, 
the a£tion of the fulphuric acid on the oxyd is 
proportionably ieflened, and tAen the prufllic 
acid begins to combine with the iron and pro- 
duce the blue pruflTiat, which mixes with the 
white compound and colours it, but as the 
prufli.it has an excefs of oxyd of iron, the 
colour is greenifli. Hence is explained the 
effe£t of Ample dilution with water on the 
white mafs, which Prouft fuppofes to arife from 
the atmofpheric air that the water may contain. 
If belides, an acid is added (of whatever kind 
it be, whether fuch as is liable to yield oxygen, 
or to abforb itj this combines with the alkali 
prefent in the white mafs, and thus increafes 
the a£riun of the pruflic acid on the oxyd of 
iron, and enables it to dccompofc the fulphat. 
This alfo is dill farther augmented, if the acid 
alfo imparts oxygen to the oxyd, inafmuch as 
by fo doing, it weakens the affinity between 
fle oxyd and fulphuric acid, and renders it more 
eaA.y decompofed by the pruflic acid. Berthol- 
li T however -acknowledges that there is fome 
dilferei c* between the biue pruffiats, according 
to their ftate of oxydation, winch gives different 
fhach's of blue, but he denies the exiftence of 
the white prufliat as deferibed by Prouft. 

> Schcele. 


From all that has hitherto been obferved there* 
fore we cannot reckon with certainty more than 
three pruffiats of iron, viz. the green, blue, and 
yellow. In the two firft the proportion of metal 
to pruflic acid appears' to be the fame, but the 
green is the molt, oxydated, and is foluble in 
acids. The blue prulfiat, which is the moft 
known and the moft interefting, is infoluble in 
water or in acids, but may be decompofed by 
alkalies, and in the procels the y^Moiu or Jui- 
prujftat is left, which contains an excels of 
metallic oxyd, probably in the fame degree of 
oxydation as in the blue prufliat, and may be 
brought to the blue ftate by any acid which 
Amply diflblves the excefs of oxyd. Thefe 
pruffiats however, and particularly the blue, 
are in general triple falts, owing to a fmall 
quantity of alkali which they retain, but they 
muft not on that account be confounded with* 
the cryftallized prufliat of potafli and iron. 

Priijjiat of Mercury. I’he pruflic acid exer- 
cifes fo flrong an adlion on the oxyd of mercury, 
that even coirofive muriat is decompofed by 
Pruflian blue, and all the oxyds of this metal do 
the fame, as has been already obferved when 
deferibing the method of obtaining this acid 
pure. The pruffiat of mercury duly evaporated 
cryftallizcs in tetrahedral prifms. It is the 
only Ample combination of this acid and a me- 
tallic oxyd which will cryftallize. When pruf- 
Aatcd lime * (meaning tne combination of pure 
pruflic acid with lime, and not the triple fait 
formed by digefting Prulfian blue with lime, 
for this contains iron) is added to nitrated mer- 
cury, a black precipitate falls down, which is 
the mercury reduced, and therefore feparated 
from the pruflic acid. 

Prujftat of Silver. The pure pruflic acid 
when added to nitrated Alver, precipitates a 
white prufliat of Alver. When this metal is 
revioufly feparated from its folution by car- 
onat ot foda, this acid unites with it, and 
forms white prufliat as before, and expells the 
carbonic acid which it contains. If the pure 
prufliat of lime as above deferibed is added to 
any folution of Alver, it forms a white curdy 
precipitate. ^ If more of the liquor is added^ 
the precipitate rcdiffolves, and this folution 
cannot then be decompofed by muriatic acid 
or muriat of ammonia, which is a Angular ano- 
maly. The precipitate itfelf is inioluble in 
acids. 

Pftjftat of Copper. The pure pruflic acid 
digefted with the carbonated oxyd of qopper 
effervefees and turns it of a faint lemoft colour, 

^ Ibid. 
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but it does not alter the folutions of this metal. 
If the pure prul&at of lime is added to the ful- 
phat of copper it fir ft precipitates a lemon-co- 
loured pruiliat of copper, which more of the 
liquor rediflblves, anci this folution is foluble in 
ammonia without turning it blue. If more of 
the fulphat of copper is added, the precipitate 
likewile difappears. 

Some acids difiblve only a portion of. this 
precipitate, and the remainder is white, but the 
muriatic acid diflblvcs the whole. 

The triple prufliats alfo, whether with an 
alkaline or earthy bafis, decompofe compleatly 
ail folutions of copper, and with more eaie 
than the Ample prufliat, as indeed is the cafe 
with all the other metallic folutions. The pruf- 
fiat of copper thus prepared is of a beautiful 
bright-brown, which mixes well with oil, and 
in beauty and intenfity furpafies every brown 
paint now in ufe. It has been introduced into 
the arts by Mr. Hatchett. * He prefers the 
muriat of copper precipitated by pruiliat of lime. 
It muft be well waihed with cold water after 
precipitation, and dried without heat. 

This fait is however in fart a pruiliat of cop- 
per and iron, for this acid appears to carry with 
it in all its combinations, except that of mercury, 
a certain, and even conilderable, portion of oxyd 
of iron. As a p.roof of this, when this prufliat 
of copper is digefted with an alkali, the triple 
prujfiat of potnjh and iron is obtained, as will be 
prefcntly mentioned. 

The other metaUic prufliats are formed in a 
fimilar way with the above, but are of little im- 
portance. 

Prussiated Alkalies and Earths. 

Of thefe by far the moll important is the 

Priiffiat of poiapj. It has been already men- 
tioned that though the pwr^pruific acid is capable 
of uniting with caullic potalh to faturation, the 
aflinity between the two is extremely weak, 
fo that this acid is difplaced even by the car- 
bonic, hcuce when this folution is expofed to 
the air, the alkali abforbs carbonic acid, and 
the prallic is expelled and e^porates. But 
when a certain quantity of oxyd of iron is 
prefent the elFert is very diflbrent, and a triple 
fait fcparable by cryflallizatioTi is formed, con- 
taining pruilic acid, potalh, and iron, to which 
the acid now adheres fo llrongly, that no 
acid can expell it unlcfs heat is employed, ex- 
cept die ox y muriatic, which decompofes and 
deftroys the pruilic acid. This triple combi- 


nation of pruilic acid, oxyd of iron, and potafli, 
is ufually termed (imply prujpat ofpotq/b^ which 
we (hall here retain. 

A great many experiments have been made 
by chemifts to prepare this fait pure and of 
uniform compofiticn, as in this ftatc it is a 
valuable chemical tell, having the property of 
forming a precipitate with all the metallic lolu- 
tions except thofe of gold,platina, and antimony^ 
but with none of the earthy folutions except 
muriat of aluminc. Thus the fame tell duly 
applied will tell the prefence of any metallic fait 
(with the exceptions above mentioned) and by the 
colour of the precipitate two or three of the in- 
dividual metals may be difeovered, particularly 
iron and copper; and where iron alone is prefent, 
the quantity may be found by drying, weighing, 
and igniting the precipitate, dedurting from 
the relidue the proportion of iron clTential to 
the prufliat added. On account however of the 
great difficulty of preparing an alkaline prufliat 
with an uniform proportion of iron, this tell is 
feldom employed to afeertain the quantity of 
iron in any folution, but only its preience. 

Two or three good methods have been given 
for preparing prufliat of potalh. They are all 
eflentially the fame, and arc founded on the 
following principles : when an alkali is digefted 
with heat, upon Pruffian blue, a great part of 
the acid, and a fmall part of the oxyd of iron of 
the blue, unite in folution with the alkali, and 
a yellow prufliat of iron with excefs of oxyd is 
lelt, as has already been mentioned. It would 
feem therefore at firft that no more was re- 
quired to prepare the prufliat of potalh, than to 
evaporate the folution to the proper point ami to 
cryftallize. This indeed, if the alkali were fatu- 
rated, would readily aflbrd the cryftals required; 
but in this ftatc if any acid is poured on them, 
a copious reparation of blue pruffiat will lake 
place, and therefore it would lead to great 
errors in aiialyfis, as an indication of iron will 
be given in the liquor examined by this tell, 
when it merely contained an excefs of acid. 
Thc.reafon of the elTort of acids on tliis unpuri- 
fied pruiliat of potalh in precipitating blue pruf- 
fiat, feems to be, that during the firft digeftioh 
of thc*alkalinc ley and Pruffian blue, a confidc- 
rablc portion of the fub-pruffiat of iron, of the 
fame nature as that left behind, is taken up (for 
this is found to yield a fimilar blue precipitate 
by the Ample addition of an acid which diflblves 
tne excefs of iron) and hence it becomes necef- 
fary to purify the prufliat of potalh from the 
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whole of this fub-prulliat before it can be de- 
pended on as a tell. 

The proportions of the conftituent parts of 

S ure prul&at of potafh are not abfolutely con- 
;ant, but in eeneral they may be dated to be 
thofe in which the alkali is perfe£lly faturated 
with the pruflic acid, and contains tne fmalled 
polfible quantity of oxyd of iron confident with 
the nature of the fait. The latter is dill very 
confiderable, being from 22 to about p^r 
cent, of the weight of the entire fait. It may 
be found^n the following way : take a known 
quantity (100 grains for example) calcine it to 
moderate rednefs in a filver crucible, by which 
the prulTic acid will burn off, and the potadi 
and oxyd of iron be left. Wafh the refidue 
thoroughly with hot water to diflblve the alkali, 
filter, and collcft the oxyd of iron left. But 
as tl is is in the lowed date of oxydation in the 
pruiliat, calcine it for a fhort time in a covered 
crucible with wax, till it becomes magnetic, 
and then weigh it. When this exceeds about 
30 pet cent, of the pru/liat employed, the latter 
generally depofits Pruflian blue by the afFufion 
pf acids, and confequently is impure. 

Another fubdance that is always found in 
impure prufliat is fulphat of potafh, for it is 
fcarcely poflible to obtain any potafh free from 
it without unufual care, and befides, the Pruflian 
blue itfelf contains a little fulphuric acid ob- 
tained from the alum with which it is prepared. 
This acid may lead to error where the abfence 
of a metal in any folution is to be inferred from 
the want of a precipitate on adding the {>rufliat, 
for if the latter contains any fulphuric acid it 
will dccompofe^ and precipitate the falts of 
barytes, and drdntian, and fif in quantity) thofe 
of lime. The fulphuric acid mud therefore 
be previoufly feparated by a folution of barytes. 
It may be here remarked that the delicacy of 
this ted is fo great as to detect fulphuric acid 
in the mod minute quantity; and as mod of 
the common pruflic folutions contain this acid, 
a precipitate is generally formed when a barvtic 
folution is added, which was erroneoufly lup- 
pofed to arife from the union of pruflic acid 
with this earth, and this was brought in con- 
firmation of the hypothefis of the metallic nature 
of barytes. ^Hiis midake was firft detefted by 
Mr. Meyer of Stettin,® which is of importance, 
as it allows us to, ufe barytes to feparate the 
fulphuric acid from the prufliat, without danger 
of dctompofing the prufliat itfelf, unlefs too 
much be employed 


Prufliat of 'potalh may be prepared in the 
following way : 

Procure a folution of very pure carbonat of 
potafh, make it caudic or nearly fo, by lime 
(in the way mentioned under the article Potajh) 
put it into a glafs flalk, heat it nearly to boiling, 
and projedt in it fome pruflian blue finely 
powdered. The blue colour will be taken 
away almod immediately, and turned to brown, 
after which continue projedling more of the 
blue, till the portion lad added no longer lofes 
its colour. The lixivium is to be boiled for a 
quarter of an hour, and is then as much faturated 
as it can be in this way, and is to be poured ofF 
clear from the fediment, and the latter edulco- 
rated. Then colled): all the clear liquors, heat 
them and add a little fulphuric acid moderately 
diluted, and continue a moderate heat ■ for fome 
time, after which a copious precipitate will he, 
formed of pruflian blue. Separate this by fil- 
tration, and aflay a fmall portion of the liquor 
by fulphuric acid, and if any blue precipitate 
appears, add more of the acid to the whole 
liquor, which muft again be heated for a time. 
When by aflaying a portion no more blue pre- 
cipitate i^ yielded, evaporate the‘ liquor con- 
fiderably in a gentle heat, and fet it by to cryf- 
tallize.. In a day or two there will be found 
two forts of cryftals ; one of them hard, pointed, 
and colourlefs, which is fulphat of potafh : the 
other fofter, yellowlfli, and generally cubical, 
which is prufliat of potafh. Pick out tliefe cryf- 
tals (more of which may be obtained by further 
evaporation of the mother water) and redi/Tovc 
them in cold water, and add to the folution 
gradually fome pure barytes diflblvcd in warm 
water, or acetited barytes, as long as any preci- 
pitate appears, and no longer. The folution 
alfo fhould be fomewhat dilute, otlierwife the 
precipitation will not flop at the point when 
only the fulphat of barytes ccafes to be 
formed, but prufliat of barytes will then be 
produced, and being not very foluble, it will 
precipitate. Then again evaporate the filtered 
folution, and the prufliat of potafli will now 
cryftaliize perfcdlly pure, and of a pale yellow- 
colour. The purity of thefe cryftals is known 
by their not afluming a blue colour when 
fprinkled With muriatic acid. If this teft fhould 
fail they muft be again diflblve<j, treated with 
acid, and the folution evaporated as before. ® 

iVIr. Henry gives a procefs fomewhat dif- 
ferent, by which through the intermede of 
copper, the prufliat is lUll more efFe£lually 
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freed from fuperfluous oxyd of iron. It is, in 
a few words, the following: when the folution 
of prufliat of potafli has been thoroughly puri- 
fied by fulphuric acid, infteadof evaporating it 
to cryftallize, pour into it a folution of fulphat 
of copper in warm water as long as a reddifh 
brown precipitate appears. Wafh this prufliat 
of copper thoroughly, and add it by degrees to 
a folution of pure potafli. The pruflic acid 
then quits the copper and unites with the pot- 
afli, ftill all along carrying with it a confider- 
able portion of iron with w’hich it finally cryf- 
tallizes. Then tefl the folution with barytes, 
and evaporate and cryftallize in the way al- 
ready mentioned. The fait thus obtained is free 
from fulphuric acid and contains no more oxyd 
of iron than is abfolutcly ncceflary to its com- 
pofition, and therefore none of the oxyd is unfa- 
turated but is held in fuch firm union with 
both the pruflic acid and potafli as not to be 
detached by any Ample aflinity unlcfs with the 
mfliftance of heat. . 

Prufliat of potafli i$ a fait of a pale amber 
yellow colour, and eafily folubic in- four or five 
times its weight of water. The alkali is per- 
fectly faturated, fo that it does not alter vegeta- 
ble colours. When the fait, cither folid or in 
folution, is long heated or expofed to the light 
for fome time it depofits blue prufliat of iron, 
and hence to keep it for chemical purpofes it 
fliould be put into an opakc bottle, or in a dark 
place. It is not very cafy to explain prccifely 
the caufe of this change. Probably it is in the 
firft inllance produced by the diflipation of a 
portion of the priiffic acid in the part inimedi- 
ately expofed to light, which leaves the re- 
mainder of this part in thofc proportions in 
which the blue prufliat is conliitutc<l'; but as 
the latter contains fcarcely any alkali, it is iie- 
cefliiry that the correfponding portion of potafli 
fliould alfo be detached from the part that has 
loft fome of its acid before the blue prulfiat can 
appear. What arc the affinities that produce 
this cfFeCl ? 

The pruflic acid will alfo unite to foda and 
ammonia by a fimilar procefs to that already 
deferibed. 

It is not abfolutcly necefTary in forming any 
of the prufliated alkalies that the alkali fhould 
be in a cauftic ftate, but it very much affifts 
and (hortens the operation. 

Pru[fiat of Lime. When pruflTian blue is 
boiled with lime-water the fame difcoloration 
takes place as with potafli, and the lime in 
l^turating itfelf with the pruflic acid becomes 
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of a clear yellow colour. This liquor alfo de- 
pofits blue ptufliat by expofure to light. It it 
an ufeful teft for iron and copper, but on ac- 
count of the lime it contains it is decompofed 
partially by fulphuric acid in many forms. 

Prujftat of Barytes. This fait is formed in 
the following way, and has been examined par- 
ticularly by Mr. W. Henry.* Make a folution 
of pure barytes in boiling water, and add by 
degrees pure prufliaii blue in fine powder (pre- 
vioufly waftied with hot water) till it coafes to 
be difcolourcd. Filter the foltuiort, and after 
(landing a few hours fmall yellowifh cryftals 
will appear, which arc the piulliated barytes. 
From the remaining folution a further quantity 
of cryftals may be obtained by evaporation.. 
Their form appears to be a rhomboid. d paral- 
lelopipcd. This fait is very fpavingly folubic in 
water, 4 oz. of which at 05® dilVolvc only one 
grain, and of boiling waier 5 or 6 grains. It 
is totally folubie in dilute muriatic and nitric 
acid, and without dccompofition. W lien heated 
to rednefs the pruflic acid burns olF, and the 
refidue contains carhonnt of barytes. Sulphuric 
acid, or any fulphat added to the folution of 
this fait dccompoies it couipleatly, and fulphat 
of barytes is precipitated. It is alfo decompofed 
by carbonat of potafli, carhonated haiytes fills 
down, and the folution contains pr.ifliai of pot- 
afli in great purity. This would koa iiiort aiul 
unexceptionable way of preparing this latter 
fait, but very expenfivc. Prufliat of b.iryn s 
may alfo be roinu-d by the double deeciupofi- 
tion of prufliat of potafli and muriated h:.ivus. 
When thefe falls ari' added togoth»'r, if no ful- 
phuric acid in any form he prclent, and ll*e 
folution rather dilute, no immediate rhar.go in 
the tranfnarc'icy lakes place; but .liiei fii'iiding 
togellici for a few hours the huitoni c.f ihe vef- 
fel becomes covered with minute ciyflaJs, 
which arc prufliat lhI barytes. It is this cir- 
cumftance of feme time being required to cniifc 
this |;rot ipit;jtion tliat gives the opportunity of 
purifying [)ri:fli.'it of potafli by barytic folution 
fnqn fulpliuiic acid, without decompeding the 
pruilint of potafli, as tlic fulphat of barytes falls 
down iwimdialely^ but tl e prufliat requires fome 
time,* fo that the addition of the baiytes flioulcl 
ceafe when the folution no longer gives an im- 
mediate precipitate. Barytic water added to 
pnilliat of lime dccompofes it and cryftals of 
pruffiated baryte.s gradually form. 

PmJJjdt of S/roTi/ian.* 

'I'his fait is prepared like the former by digeft- 
ing pruflian blue with the pure earth. But this 

and 4. * Ditto. 
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prufllat does not readily cryflallizci and appears 
to be extremely folublc in water. It is not 
exa£Ily determined, whether muriated or ni- 
trated ilrontian decompofes pi uiTiat of potafh. 
Pure barytes added to pruiFrated ilrontian, 
caufes a precipitate of prufliated barytes, but in 
very fmail quantity, fo that it appears to decom- 
pofe it only partially, and hence the affinity of 
barytes for this acid is not much llronger than 
that of ilrontian. 

The affinities of the pruffic acid are ex- 
tremely difficult to be made out on account of 
the peculiar tendency which it has to form 
triple and even quadruple combinations. 
Among the metals, mercury appears to (land 
firil and iron next, and among the earthy and 
alkaline bafes the order is probably barytes, 
Arontian, potaih, and lime. 

PUDDING STONE. 

This term, invented by the Engliih lapidaries, 
is applied by them to dciignate one particular 
mineral aggregate, confiAing of oblong and 
rounded pebbles of flint, about the iize of al- 
monds, imbedded in a hard filiceous cement : 
the pebbles are ufually black, and the cement 
is a light yellowifli brown. It is capable of 
receiving a very high polilh, and ufed to be 
much employed in inlaying and other orna- 
mental works. It is chiefly procured from the 
county of Eflex. Adany ot the French mine- 
ralogiAs have naturalized this term (Poudingue) 
and have applied it to all rounded ftones im- 
bedded in a cement, fo as to make it nearly 
fynoiiimous with the German Agglomerate and 
tlie Engliih Rubble^one. 

PUMICE. BimAein, JVern, Pierre Ponce, 

Br cl\ 

The colour of this mineral is greyifli white, 
bluilh or yellowifli grey, greyifli black and red- 
difli brown. It occurs in mafs and diflemin- 
ated, being always more or lefs cellular or ca- 
rious. It is gliltening, fometimes even fliining, 
with a filky luAre. Its frafture is fibrous. Its 
fragments are indeterminate moderately Qiarp 
edged. It is opake, fometimes a little tranflu- 
cent on the edges. It is foft, that is, is readily 
fcratched or pulverized, but its particles when 
in powder have a coiiflderablc hardnefs. It is 
brittle and very meagre to the touch. Sp. gr. 
0.91. 

It is fufiblc without addition before the blow 
pipe into a white enamel. It is compofed ac- 
cording to Klaproth of 


) 

77.5 Silex 

17.5 Alumine 
1.75 OxydofIroA 


100. 

It is generally looked upon as a volcanic 
produ£l. It is wrought in confiderable quarries 
in the Lipari iflands, which are almoA entirely 
compofed of this mineral. It alfo occurs in 
Sicily and Iceland. 

Pumice Aone is extenlively ufed for grinding 
down metals, glafs, ivory, &c. previous to po- 
lifliing; it is. alfo employed for fmoothing lea- 
ther, and other fimilar purpofes. 

PUTREFACTION. 

Putrefa£tion is that fpontaneous procefs of 
decompofition which takes place in all the foft 
parts of animals, and fome vegetables under 
proper circumAances of temperature and moif- 
ture, by which they are finally diforganized, 
and are chiefly refolved, when with accefs of 
air, into a variety of gafeous and volatile com- 
pounds, which mingle with the atmofphere. 

The fubje£l of putrefa£tion is Aill very ob- 
feure, that is to fay, though we know the circum- 
Aances required for it, and many of the pro- 
dufls, we are very far from pofTeffing exa£b 
ideas concerning the mode in which the conAi- 
tuent parts of the animal body break up their 
former combinations, and form new ones alto- 
gether diflTerent. 

Putrefadlioii is naturally a very flow procefs, 
and the infuperablc difguA and loathing attend- 
ing it feem to forbid a very minute enquiry into 
this important phenomenon of nature. 

We fliall only mention a few of the fa£Is 
known concerning it. The circumAances rc- 
quifite to the putrcfa£lion of animal matter, 
are a temperature from about 40® to the higheA 
natural heat, and a conAant moiAure in the 
fubAance putrefying. The operation of a freez- 
ing temperature in Aopping putrefa£Iion is 
well known, by the conAant cuAom in cold 
countries of bringing vicfluals frozen to market, 
in which Aate they will keep for any length of 
time without any other preparation ; by bodies 
of men or other animals remaining unaltered 
under ice for many weeks, and the like. On 
the other hand, a fcorching heat alfo prevents 
putrefaflion, which it does however, appa- 
rently, Amply by expelling the moiAure which 
|8 efiential to the procefs, for by any inferior 
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degree of heat putrefaction is much promoted. 
For the fame reafoYi alfo fubftances putrefy 
much more flowly when expofcd to a drying 
wind, than in a (heltered place. 

The obvious phenomena of putrefaftion are 
the following, in any animal matter kept at a 
pretty -uniform temperature, in a place not 
much expofed to currents of air, the fubftance 
firft becomes foft and flabby, or if it is already 
foft, as in the cafe of the coagulum of blood, 
it refolves itfelf into a dark fluid, the colour 
then changes to green or brown, and an un- 
pleafant fmell begins to iflue from it. As the 
procefs advances the foft parts then melt down 
into a putrid pulpy , and the fluids become 
turbid, and the cfliuvia become exceflively 
loathfome and flekening, and after a time, the 
parts fwell and become pufly, and difengage 
the putrid gas in a flow but fenfible efferve- 
fcence. A foul and brown ferum then fweats 
out from the pulpy mafs, and about this time 
the effluvium' is very fenfibly ammoniacal as is 
apparent from its effeCls on the eyes and throat, 
and by forming a white vapour with muriatic 
acid gas. Things continue nearly in this ftate 
for a confidcrable time, during which a large 
part of the putrid fubftance is evaporated, and 
carried oflF in the putrid gas and difperfed in 
the atmofphere, after which the extreme foctor 
fubfides, and finally the procefs of putrel'aClion 
ceafes, and leaves a kind of fat foetid earthy 
matter. 

Such is the regular procefs of putrefaClion, 
as far as relates to tlic external circumftances, 
and obvious phenomena, but it may be ob- 
ferved, that fome parts putrefy much more rea- 
dily than others, and fome fcarcely at all. 
Perhaps the moft putrcfcont fubftance that we 
know is the blood, which property it owes 
partly to its fluidity and partly to the large 
quantity of fibrin and uncondenfed albumen, 
which it contains, and efpccially to the former. 
Animal parts alfo feem to be (ceteris paribus) 
more putrefeent in proportion to the number 
of conlUtucnt parts wliich they contain. The 
fubftances abfolutely or nearly imputrefcible, 
are bone and condenfed albumen, the latter fuch 
as it exifts in cuticle, nail, hair, &c. which 
long remain unaltered in the midll of putrefy- 
ing fubftances. Animal 01/ alfo putrefies with 
great difficulty, and hence the people that live 
in the moft northern parts of America, the Ef- 
kimaux and others, preferve fifli and meat to a 
certain degree from putrefa£lion by immerfion 
in fifli oil. 

The gaiTes certainly known to be produced 


by putrefaction arc carbonic acid, carburetted 
hydrogen, fulphuretted and phofpuretted hy- 
drogen, and ammonia, but either thefe or fome 
of thefe muft be confiderabiy changed by the 
folution of the animal matter, or fome com- 
pound rot yet examined muft be produced in 
that ftatc of putretaClion where the gas evolved 
occafions fuch dreadful eftefts upon thofe tliat 
unfortunately fall in t’jc way of it, even when 
diluted conndcrabiy with common air. ^Phis 
is faid to be the cafe when the abdomen of a 
large animal is firft biirft after fome days, oi® 
perhaps weeks of putrefadion j the gas from 
which caufes inftant fainting, and ibmetimos 
death, and even when the perfon expofed to it 
recovers the firft fhock, it leaves cxccflive debi- 
lity and other alarming fymptoms for a confi- 
dcrable time. The moft deleterious gas that 
wc know is, perhaps, carburetted hydrogen, 
but the effeds of this as obtained by chemical 
means, are far fliort of thofe above mentioned, 
when equally diluted. 

'^rhe generation of ammonia has been fatis- 
fadorily accounted for fince the difeovery of 
the conftituent parts of the volatile alkali, by 
the new combination formed between the azot 
of the animal matter, and the hydrogen, of 
which latter there are many fources, and parti- 
cularly that of the dccompofition of water. As 
ammonia is always produced during putrefac- 
tion, it feem.s rational to fuppofe that one im- 
poriant purpoie of the moiilure neceflary to the 
procefs is to afford, by its decompofition, the 
hydrogen of the volatile alkali. 

The circumftances which tend to the gene- 
ration of the nitrous acid, (\vl ?ch is an un- 
doubted pn'du£i of putrefadf ion) have been 
mentioned under the article Nitrat of Poiajh^ 
bat many more experiments muft be made, ancl 
fadfs obferved, before we can ^plain, vvijy in 
certain cafes the azot tend.*^ to unite witlj oxy- 
gen to form this acid, and in others with Iiy- 
drogeii to form ammonia. 

I’hat peculiar change which takes place in 
animal flefti, wdiereby it is converted into a 
fpermaceti-iike fubftance inflcad of undergoing 
ihe ufual mode of putrid dccompofition, has 
been mentioned under the article Adipioe. 
PUfTY. 

True putty is made by calcining an alloy of 
equal parts of tin and lead : a white pow dtT is 
thus produced that is the bafe of moft of the 
opake enamels, and is alfo ufed in the poliftiing 
of metals, ftones, and giafs. ^ 

The glaziers* putty, ufed by them for faften- 
ing panes of giafs into faflics, was perhaps ori- 
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^glnally compofcd of true putty and oil; but at 
prefent it is nothing but wafhed chalk or whit- 
ing mixed up with linfeed oil ; a fort of du£lile 
pafle is thus produced which becomes hard after 
a few days expofure to the air. 
PUZZOLANA. 

Puzzolana appears to be nothing elfe than 
volcanic aflies more or lefs compafted together. 
It occurs either white, red, or bla<;k, has a 
dull earthy fradlurc, and is eafily frangible. It 
abounds in the vicinity of Vefuvius. The red 
variety is the proper puzzolana, the black and 
the white are called in Italy lapillo or rapillo. 
The a(hes which overwhelmed Pompeia now 
form a vaft bed of white puzzolana. It is em- 
ployed in calcareous cements to which it gives 
the property of hardening under water. 
PYRITES. 

A name firft given by the ancient naturalifts 
to the native fulphuret of iron, becaufe when 
flruck againft a piece of fteel or other hard 
body, it gives out fparks of (ire, and becaufe 
when heated red hot the fulphur that it contains 
burns with a lambent bJue (lame. Modern 
mineralogids diftingui(h three fpccics of pyrites, 
namely, the ferruginous, the cupreous, and the 
arfenical, of which the fird is fulphuret of iron, 
the fecond fulphuret of copper, and the third is 
a compound of iron pyrites and arfenic. All 
thefe fubdanccs have' a general (imilarity in 
tlieir external appearance: their colour varies 
from yellowi(h white to gold yellow, and they 
have all a high metallic ludre. For further 
particulars fee the ores of Arsenic, Copper, 
and Iron. 


PYROLIGNEOUS ACIDl « 
PYROMUCOUS ACID I . 
PYROTARTAREOUS f ^ 

^ j JiTHpyt^cuvtcttic • 

PYROMETER. (li^eJgewood^s.) 

The range of the common mercurial ther- 
mometer extends no higher than the boiling 
point of this metal (that is about 600**) and 
even this is a very inaccurate meafure of heat 
in its higher part on account of the very un- 
equal expanfion of mercury as it approaches 
boiling. But this point falls (liort of that of 
the lowed vifible reil-heat, and from this to the 
higlied temperature that furnaces will produce, 
a vad range of heat is included, for which 
no tolerably accurate method of nieafurement 
exided till the year 1782,’^ when the late Mr. 
Wedge wood invented his pyrometer. Previous 
Ao this time chemids were in the habit of udiig 


very vague terms to exprefs the heat employed 
in their operations, fuch as red heat^ ^lUred 
heat% ivhite heat^ &‘c. and the means lUed for 
meafuring it were too inaccurate for the expe- 
rimental chemid, though fudicient for the ma- 
nufa£lurer when aided by daily experience. 
Thefe were generally the degree of fufibility 
(hewn by refradlory earthy mixtures, the length 
of time which the crucible could endure the 
heat employed, the reduftion of metallic oxyds 
and the like. Another method which is adlu- 
ally employed in the potteries, and anfwers fiif- 
(icieiitly well, is the (hade of colour produced 
by the heat on a ring of clay worked up with a 
little oxyd of iron. This is a light brown, or 
(le(h colour in the lower red heats, but gradually 
darkens to a deep chocolate, or almod to black- 
nefs as the (ire reaches its utmod intenfity. 
This mode however can hardly be applicable 
a general dandard of comparifon, as the (hades 
of colour are not very definable, and not readily 
deferibed, betides other objc£fions which might 
be raifed. 

Mr. Wedgewood, therefore, on examining 
this fubjeft, which his bufmefs as a potter ren- 
dered peculiarly intereding, found a new and 
much more accurate meafure of temperature in 
the gradual, and on the whole pretty uni- 
form contraftion, which clay undergoes in all 
heats from the fainted red to the mod intenfe 
which can be produced. From examining 
with minute attention the habitudes of clay 
with water and (ire, and from the event of 
many experiments Mr. W. gives the following 
as the general refult of his obfervations. 

When a folid lump of pure natural clay, 
(fuch as tlie fined Devonfliire kind^ is well 
kneaded with water, and expofed very gradually 
to an incrcafing heat, the fird change that takes 
place is the (hrinking produced by the fimple 
evaporation of water. 'I'he purer the clay is 
the more water it takes to foften it, and there- 
fore the more it diminidies in bulk by the lofs 
of moidiire. The clay dries at a heat below 
rednefs, and preferves its bulk unvaried up to 
the approach of ignition. At this period it en^ 
larges a little, owing probably to the efcape of 
air with which it has been combined. 

When this air has made its efcape, the clay 
begins to (brink and returns to precifely the 
fame dimenfions which it had before, . when 
thoroughly dry. When thus prepared and 
brought to this point, it is fit to be ufed for the 
pyrometer, and forms the beginning or lowed 
point of the fcale, which as above-mentioned is 
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the loweft heat of ignition^ or that in ^vhich a 
body is juft perceptibly red-hot in the day timcif 
From this point it flirinks gradually and pretty 
uniformly in proportion as the heat is increafeib 
till it reaches its utmoft degree of contradlion, 
(which varies according to the nature of the 
clay,) thus forming a range which may be ufcd 
for thermometric purpofcs. In the pureft na- 
tural clays it reaches nearly to the higheft arti- 
ficial heat procurable in furnaces, but in other 
clays, though to the eye equally pure, the con- 
tra^ion ftops very (liort of this, and then a 
fecond expanjion takes place. 

At this time it is intenfely hard, and has a 
texture approaching to the vitreous^ fo that the 
fecond enlargement appears to depend in part 
erhaps, on a further difengagement of gas, 
ut chiefly probably on an alteration in its tex- 
• ture. During the firft part of the pyrometric 
fcale, (that is from low rednefs upwards) the 
clay continues bibulous and flicks to the 
tongue, 'riiis ceafes however feme time before 
the fecond expanfion comes on, whence Mr. 
Wed e wood conjedlures, that the porcellamus 
ftate (which is intermediate between the earthy 
and the vitrrous) comes on when the clay 
ceafes to bo b.bulous, and remains till the vi- 
treous ex^i ioTv li begins. It may be obferved, 
as before mentioned under the article Alumine^ 
th'at the (iirinkiiig which takes place after igni- 
tion caiiuot be attributed to the evaporation of 
water or any other fubftance, for the lofs of 
weight is much tcjo fmall to allow of this ex- 
planation. 'fho entire contraction, from igni- 
tion to the higb::(l procurable furnace- heat, is 
full one-fourth of the bulk of the clay in every 
dimenfion, when it remains unvitrified at fo 
high a temperature; but the lofs of weight 
from ignition to the heat that melts copper, 
which is about a fixth of the entire contra^ion, 
is only 2 per cent, of the weight of the clay, 
and above this latter point no lofs is perceptible 
by the balance. 

It has been mentioned above that famplcs of 
clay though apparently equally pure and white, 
and even taken from the fune bed, though fuf- 
ficiently fimilar for moft purpofcs of manufac- 
ture, do not undergo the fame degree of ftirink- 
ing in tlic fire ; for fonie continue to contraft 
at every procurable intcnfity, whereas others, 
above a certain point, again expand and afTume 
a vitreous texture. Neither do the ex- 
panfions, which take place juft at ignition, fuf- 
ficiently correfpond. 'rhi 3 circumftancc caufed 
a good deal of embarraflment to the inventor, as 
after the fiift fample of pyrometer clay was 
voir. 


exh^ufted, (which happened to he of the kind 
the moft refraflory in the fire) he could not be 
certain of obtaining another mafs which would 
correfpond with the former in contraAion. 
This led him to examine flie contradlion of 
pure aluminc precipitated from alum by an al- 
kali (that is to fay, as pure as it is ufually ob- 
tained without extreme precaution and great 
expence, and therefore ftill retaining both ful- - 
phuric acid and potafh) and he found that it 
continued to contrail, and even remained bi- 
bulous fo as hardly to become porcellanous, by 
the higheft heat of a furnace. This prepared 
alumine when mixed in certain proportions 
with the natural clays alfd rendered them fiifii- 
cientlv unalterable in texture in the fire, and 
brougnt their contraclions to correfpond with 
thofe of the pyrometer-pieces already made* 
The alumine is prepared by precipitating a fo- 
lution of alum with good pcarlafh, and wafhing 
it repeatedly with large quantities of boiling 
water. The precipitated earth when it is fomc- 
what condenfed by fettling, is to be ufcvl in that 
gelatinous (late undried, as it then mixes much 
more eafily with the natural clay. Mr. W. 
found that a mafs of ten hundred weight of the 
fecond clay which he employed required all the 
earth of five hundred weight of alum to bring 
it to the fame ftate with the pyrometer-pieces 
already made. This prepared aluminc is much 
more tenacious of water than common clay, fo 
that the mixture requires a more careful drying 
and at a higher temperature, before the fize of 
the pieces is adjufted, and this IhouKI be done 
immediately after giving them a boiling-water 
heat, as they again abforb fume moifture from 
the air (owing doubtlefs to the potafh con- 
tained in the alumine) which would make the 
diftcrence of two or three degrees of the fcale, 
if the adjuftment was delayed till tlint time. 

The pyrometer is a6lually made in the fol- 
lowing manner. It confifts of two parts, the 
clay-pieces and the brafs gage. E.irli clay-piccc 
is a fedlion of a cylinder of clay about the 
thicknefs of the little finger, and the length 
about equal to the diameter. One fide is a 
little flattened, that it may Aide more accurately 
along the gage. This latter confifts of a long 
canal formed by two pcrfeclly ftraight bars of 
brafs fixed on a plate of the fiune metal in sl 
converging dire£bion, and graduated into 240 
equal parts, beginning at the wideft extremity. 

The width of the canal at one end is to that at 
the other in the proportion of 5 to 3. The 
gage to be more portable, is cut in halves,- 
which are placed fide by fide on the fame plate* > 

2 f. 
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The day pieces are previoully baked juft 
to ignition^ or » to a red*heat barely vtGble in 
the dayrtimct and when applied to the gage 
they juft reach the.o. of the fcale. < Every in* 
crcafe of heat coniraAs the piece9 which there- 
fore can be (lid further into the gage. The 
clay pieces will bear the moft fudden heating 
ancl cooling without in the leaft cracking or 
fplittingy and indeed their (ize is fuch that in 
two or three minutes that they have unde^one 
the utmoft efFe£tof any particular degree ofnre» 
fo that no long continuance of the lame heat is 
neceflTary. To employ this pyrometer one of 
the pieces muft be put in or contiguous to the 
part where the heat is to be afcertained^ in- 
clofed if neceflary in a very fmall crucible. If 
thrown on burning coals in a high heat it be- 
comes fomewhat rough on the outlide and 
firmly covered with a kind of black enameb 
which poinbly may render it lefs accurate. It 
fhould alfo be kept from the immediate adion 
of any faltne or other fluxes which would cor- 
rode its furface and impair itsaccuracyi but in 
other refpc£ls it requires but little precau- 
tion. It is a peculiar property, and generally 
an advantage, of this pyrometer, that each clay- 
piece tells only the extremeft heat to which it 
has ever been expofed, and never returns to 
any inferior point of the fcale like all other 
thermometers, lb that it may be gaged at any 
diftance of time from the experiment. Even if 
the piece is broken or injured, if the compleat 
ring of the cylinder remains, of whatever 
breadth, it forms as accurate a meafure ^as 
when entire. 

The degrees of this pyrometer only begin at 
a confiderably greater heat than the termination 
of the mercurial thermometer, and hence in 
order tp render them at all comparable, it be- 
came necelTary to connefl: the two by feme 
intermediate fcale. This Mr. Wedgewood ef- 
fedled by comparing the expanfion of a filver 
gage in the intermediate degrees ; and by expe- 
riments, which it is not neceiTary here to detail, 
he was able fo conned the two fcales in a tole- 
rably fatisfadory way; though the heats are To 
remote that very little advantage can ever be 
derived from this method. Mr. W. found that 
the mercurial ranp^e of temperature was fo 
fmall compared with the pyrometrica), that a 
(ingle degree of the clay pyrometer was equiva- 
lent to 130 degrees 01 Fahrenheit, ami the o, 
dT the pyrometer, which is a low red heat, he 
found to fail 'at about 1077^ Fahr. fuppoling 
the mercurial fcale could be continued fo high^ 
end with. w uniform expanfion of thd' mercury. 


Mr. W. has extended the fcale of his pyrome- 
ter to 240 de^ees; this is entirery arbitrary, 
but it probably is more than amply lufficient to 
include all poflible produdion of heat, fince 
the greateft intenfity of furnaces has not been 
found to exceed about liSo of this fcale. Thefe 
240 degrees are eftimated from the above data 
to be equivalent to 31200 degrees of the mer- 
curial thermometer, and as the o. of the former 
is equal to 1077^ Fahr. the extreme of the py- 
rometer fcale would correfpond with 32277* 
Fahr. could this be continued as high. Hence 
too the whole diftance between freezing and 
boiling water, or from 32® to 212® FsJir. is 
equivalent to no more than about half a degree 
ox the pyrometer. 

We mail now give the pyrometrical corref- 
pondences with fome of the moft eafily ob- 
terved (lages of the higher heats as obferved by 
the inventor and others. 

Red heat fully vifible in day-light o 
Enamelling heat for pottery 6 

Brafs melts at 2i 

Swediih copper melts at 27 

Tine filver melts at 28 

Fine gold melts at 3 ^ 

Vitrefying (or higheft) heat of a 
plate-glafs furnace 124 

Working heat of ditto 57 

Welding heat of iron 120 to 132 
Greateft heat of a common fmith’s 
forge 125 

Caft iron melts at 130 

Bafalt melts at 100 

Antient Etrufean ware begins to 
contrad (and therefore was 
baked) at from 30 to 20 

Ditto compleatly melts at 36 

Delft ware baked at 40 

Queen’s pottery ware baked at 86 
Stone ware baked at 102 

Worcefter china vitrefied at 94 
Derby ditto ditto at II2 

Chinefe porcelain only foftens at 120 
Ditto finks down into femi-fufion 
at 156 

True ftone Nankeen does not in 
the leaft alter at 156 

Pyrometer pieces aflume a porcel- 
lanous texture at iio 

Greateft heat of the beft con- 
itruded air furnace probably 
does not exceed about x8o 

It remains to mention fome uncertainties 
that ftill attend the vie of this ihftruhient, and 
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the dijflkuitjr in adjufting a fufficiently accurate periments on this fubje£t found the beft"^ hnita- 
ftandaird of comparifon. tion of the Wedgewood pieces to be produoed 

The inventor obferves that a correfponding by a clay in which the alumine was to the files 
pyrometer may always be conftruQed by mak- as 34 to 43, and pieces made of this material 
ing for a cage a converging canal with the correfpondil . very clofeiy with the original 
widths at the two ends in the proportion of 5 Wedgewood pieces at the heat of i6o% and 
to 3,- with the fides perfcftly (Iraight^ and di- fliewed no fign of vitrification at this high 
Tided into 240 equal parts — and by procuring temperature. • . 

natural or artificial clay, pieces of which will This fubje£l therefore, which is highly in- 
juft enter the gage at a low red 4 ieat, will go terefting to the chemift and nianuiaf^urcr} 
to 27® by the heat at which copper melts, to requires further experiments, 
about 90® by the welding heat of iron, and P'S ROPE. -See Garnkt. 
about 160 by the greateft heat of an air fur- PYROPflORUS, Homberg^s. 
nace, thg clay pieces a\l the while remaining This preparation was lirft difeovered by the 
perfeftly refra£lory. chemift whofe name it bears, as the* rcfiduc of 

But the great difficulty which the inventor the diftillation of fecal 'matter ;with alum and 
himfclf feems to have had in preparing a fe- vitriol. Improvements with refpedi to the 
cohd parcel of clay (imilar in thefe rcfpefta to cleanlinefs of the procefs were foon introduced^, 
that already employed is of itfelf fufficiently and the following is now the common mode of 
difeouraging, nor are the points which he gives preparing tliis fubftance.* Take three parts of 
for the conftru£lion of the fcale at all compar- Roman alum in pgwder, and one part of coqrfe 
able in accuracy with thofe by which the com- brown fugar, mix them together and heat the 
mon thermometers are graduated. The heat niafs over a common fire in an iron ladle or a 
of boiling water and of melting ice are fixed fhovcl. By the firft impreflion of the heat both 
points in which (with a few fimple precautions) the alum and fugar melt and mix intimatelv 
every one would agree, but it is not fo with a with each other; after a little time when mott 
red heat barely viiible in day-light, and ftill of the water is evaporated, the refidue begins to 
lefs with the utmoft power of a wind-furnace foam and fwell confiderably, and to give out a 
of given dimenfions. Even the fufing point of pungent cmpyreumatic acid: it muft now be 
copper is liable to fome va^^V^.tions according to ftirred conftantly with an iron fpatula, taking 
the purity of the metal, and that of caft-iron is care to detach it from the ladle in proportion as 
ftill more variable on this account, fq that it dries, and to heat every part as uniformly as 
though we may confider Mr. Wedgewood's pofliblc: when the laft remains of clamminefs 
fcale as affording very ufeful approximations to are deftroyed, and the fpungy black matter that 
the expreflions of comparative heats, it docs not is left is quite friable, it muft be transferred 
approach the accuracy of the mercurial ther- while hot into a mortar, and haftily reduced to 
mometer. Neither nave we any means of a fomewhat coarfe powder. As icon as it is 
afeertaining in the higher heats whether the pulverized, a green glafs vial of the cap.acity of 
contraftion of clay is at all equable, that is, about fix ounces, (previoufly luted on ?he infide 
whether equal numbers on the pyrometrical by rinfing it out with a weak folution of borax 
fcale exprefs equal increments of heat, as they thickened witli pipe clay to the confiftence of 
do pretty accurately with the mercurial ther- cream) is to be nearly filled witli it and then 
mometer. fet up to the neck in a crucible filled with fand, 

The*analyfis of Mr. Wcdgewood*s pyrometer its mouth being loofely ftopped with a. piece of 
pieces as condufted by Scherer,* (hews them to charcoal. The crucible is now to be placed in 
be made of a very pure natural clay compofed a furnace, or even in an open fire, and raifed 
of about 54 per cent, of alumine, and 44 of gradually to a moderate red-heat. At firft a 
filex, with hardly a trace of any other ingredient, denfc white vapour will iffue from Ae vial for 
As the Devoiiftiire clays contain a much lefs neavly a quarter of an hour, and will then be 
proportion of alumine than is here given, the fuccecdecl by an inflammable gas, burning with 
above pieces were doubtlefs made, as indicated a light blue flame: as foon as this makes its 
by Mr. Wedgewood, by adding to the nsturai appearance, the heat is to be kept up, at an 
Clay a confiderable portion of precipitated uniform temperature for about 20 minutes 
alumine. longer, after which, Ae crucible with its con- 

But on the oAer hand, Gazeran^ in his ex- tents being removed froih the fire, and Ae 

• Aa.Cluei. tom. P* sra. ® Ditto, tom. xxxvj. * Bcanm^ Chim. exper. L p« 33P. 

2 L 2 ' 



P YR 


( 268 ) QV 


mpiith of the vial being clofed with a plug of 
it 18 to be quickly cooled till the f ial can 
be fafely handled; the pyrophorus is then to be 
haftily poured into a warm and perfeAly dry 
ground-ftoppered vial, in which it may be kept 
without injury' for any length of time provided 
the accefs of air is^carefully avoided. 

Another excellent method of preparing pyro- 
phorus is the following.^ Mix together tnree 
aVts of Roman alum and. one of flour, and 
eat the mixture to drynefs in an iron pot, as 
defcribed in the preceding paragraph : the black 
calcined mafs thus produced, is to be put into 
ounce phials of green glafs, coated without and 
within with clay. The phials thus charged are 
to be lightly (lopped witn balls of tempered clay 
and then fet up to their necks in fand in an iron 
pot; charcoal powder is then to be llrewed on 
to the depth of half an inch, over which is to 
be placed an earthen cover, luted to the pot. 
'Fhe whole apparatus is now to be placed in a 
furnace and Icept at a red-heat for an hour and 
a half: at the expiration of this period being 
taken out of the furnace and cooled quickly* it 
is to be unpacked, and the phials containing 
the pyrophorus are to be placed with their 
mouths inverted in mercury, in which (ituation 
the pyrophorus may be kept for many years 
without injury. 

Pyrophorus is a light dry black powder, 
which when poured out in a little heap on any 
flat (urface, and expofed to the air, prefently 
gives out an odour of fulphuretted hydrogen, 
and in about a minute becomes rcd-liot, and 
burns with a very light bluilh flame till the 
whole of the carbonaceous and other inflamma- 
ble matter is entirely confumed, nothing being 
left but the white earthy bafe of the alum. 
Sometimes, either from a defe£l in the prepa- 
ration, or from the air not having been entirely 
cixcluded from the phial in which it is contained, 
the pyrophorus when poured out undergoes no 
fehfible change^ when this happens, however. 


the combuftion may often be brought about by 
breathing on the powder, and thus fupplying it 
with the moifture which feems to be the pri- 
mary' agent in this phenomenon. Pyrophorus 
when made according to the laft mentioned 
manner is fo very inflammable as to take fire 
as it is falling from the' mouth of the phial. 
If poured into a jar of pure oxygen gas it forma 
a brilliant fiery mower; the oxygen is for the 
mod part confumed, and there remain in the 
jar fulphureous acid and carbonic acid gaflbs: 
the pyrophorus alfo being confumed, with the 
exception of its aluminous bafe. 

The chemical changes that take place during 
the formation and dccompofition of pyrophorus, 
appear to be the following. Firft, by being 
heated below rednefs in the open air the ingre- 
dients enter into fufion, and thus mix accurately 
with each other, then the water of cryftallization 
is driven off from the alum, and of the fugar 
or flour little elfe than the charcoal efcapes 
volatilization. Secondly, the red-heat to which 
it is expofed in the phial, caufes the fulphuric 
acid of the alum and the charcoal of the fugar 
to rea6^ on each other, by which part of the 
charcoal is driven oflT in the form of carbonic 
acid, and part of the fulphuric acid efcapes as 
fulphureous acid: the blue flame that charac- 
terifes the latter part of this procefs is in all. 
likelihood caufed by the volatilization and com- 
budion of a portion of folphur, more than is 
requifite to (aturate the pota(h of the alum. 
Thus the pyrophorus when prepared, con (ids 
of aluminc, charcoal, and fulphuret of potafh 
ill intimate mixture. Thirdly, when this pow- 
der is expofed to the air a rapid decompofition 
both of the air itfelf and of the moidure that it 
contains takes place, the oxygen of each being 
abforbed by the fulphuret, while a fufficient 
quantity ot heat is difengaged to bring the 
charcoal and remainder of the fulphur to a (late 
of a6lual inflammation. 

PYROXENE. Sec Augite. 


Q 

QUARTATION. yellowifli and greenifii white, pearl ctcj, fmoke- 

A method of f^arating gold from filver. grey, greyilh black, honey yellow, clove brown. 
See Assay <^Gold\ and Goi4>« p- 528. * yellowilh and blackilh brown, wine yellow, 

QUARTZ, (^artxy Broch. Quant, Wem. ochre yellow, hyacinth red, blood and bnck red. 
We {hall fubdivlde this mineral into the hve reddiih purple, appk green, leek green, and 
fitliowing Cuhljpecies. olive green. Its primitive form is a rhomboid 

f X Sut/^. .Gryftallized quartz. Rock cryftal. approachujg nearly to a cube. But though this 
. Rock often occurs perfedly traHfpa* figure may be obtained by mechanical divifion 

sent and it i* found reddifli, of the pAfmatic eryftalsj w has never yet been 

^ Higgio’. Miautei, p. s;!. 
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found native. The known varieties which it 
exhibits are the following. 

I. The pyramidal dodecahedron, compofed 
of two (ix (ided pyramids joined bafe to bafe, 
the. angle formed by the plane of one pyramid 
and the correfponding plane of the other is 
r=zi03* ao' and the angle formed by any two 
of the adjacent planes of the fame pyramid 
is =133® 40'. 

. a. The preceding, with a ftrait hexahedral 
prifm interpofcd between the two pyramids, the 
angle formed by any plane of the pyramids and 
the adjoining plane ot the prifm is =:i4i« 40*. 

3* The fame as var. a, with the alternate 
folid angles at the bafe of each pyramid replaced 
by fmall rhombic planes. 

4. The fame as var. a, with all the folid 
angles at the bafe of each pyramid replaced by 
trapezoidal planes. 

5. The fame as var. 2, with the horizontal 
edges of the prifm replaced by trapezoidal, 
almoft parallelogramatic planes. 

The (ize of the cryftals varies from fmall to 
very large; fome of tne largeft prifms are more 
than two feet in length, and weigh above 
100 lbs. The planes of the prifms are tranf- 
verfely ftriated, but thofe of the terminating 
pyramids are fmooth. The cryftals are com- 
monly brightly ihining, both externally and 
internally, with a vitreous luftre. Its fra£lure 
is conchoidal, palling occafionaJly into obfeure- 
ly foliated. The fragments are indeterminately 
angular, and very iharp-edged. The colourless 
or nightly coloured varieties are ufually tranf- 
parent, but thofe that are much loaded with 
iron ochre are often only tranflucent : when 
tranfparent it exhibits a double refraftion. 

Its hardnefs is fuperior to that of glafs, and 
it gives vivid fparks' when ftruck agaihft a fteel. 
It is brittle and eafily frangible. Sp. gr. 2.65 
when pure, but when deeply coloured by 
metallic oxyds it is conflderably more. 

When two cryftals are rubbed together they 
afford a phofphorefcent light, and exhale a 
peculiar odour. By expofure to the blowpipe 
this mineral undergoes no change, except that 
certain of its varieties lofe their colour. Even 
a blowpipe charged with oxygen gas is wholly 
incapable, according to Lavoifier, of inducing 
the leaft fign of fufion. According to Ehrmann 
however, it melts into an enamel, but in this 
cafe the quartz was probably heated on charcoal 
from which it might acquire pqtalh enough to 
ferve as a flux. 

The purple variety, called amcthyft/ is com* 
pofed according to Rofe, of 


97.5 Silex 
0.25 Alumine 

0.5 Iron and a trace of manganeie 



Several of the varieties of cryftallized quartz' 
are ufed as feal-ftones and ornaments of various 
kinds, on account of their hardnefs, the exqui- 
(ite poliih that they are capable of receiving, and 
the pleafing tone of their colours. The moft 
perfeflly tranfparent and colourlefs is called by 
the lapidaries rock cr^al^ and beiides being 
applied to various purpofes of ornament, it is 
cut into fpedlacle glaffcs, which from their 
hardnefs are not fo liable to be fcratched as 
thofe which are made of flint glafs. The 
reddifh purple or violet coloured variety is* 
called Ameth^^ and is occafionally ranked a- 
mong the gems: it muft not however be con- 
founded with the oriental amethyft, v\hich is a 
true gem, being a variety of corundum. The 
pearl grey or pale blue variety is called falfe, or 
nvmter fapphire. The yellow and fmoke coloured 
varieties are called falfe topa%. The green 
varieties are not unfrequently millaken for 
chtyfolite. 

The largeft and moft efteemed cryftals of 
quartz come from Madagafcar, alfo from the 
Alps, from Norway, and Scotland, where they 
occur lining cavities in granite. Amethyft is 
commonly found in geodes of ngatc, and is 
chiefly proem ed from Catalonia in Spain; from 
Bohemia, Saxony, Silefia and the Palatinate in 
Germany V from Mungary; from Auvergne in 
France, and the Uraiian mountains near Cathe- 
rinenburg in Rullia. Quartz cryftals alio occur 
in moft metallic veins both of ancient and 
recent formation in every kind of rock. 

There is Icarcely any cryftallized mineral fo 
liable as quartz to contain foreign fubltances; 
fometimes drops of water and bubbles of air 
may be obferved in it, alfo fibres of amethyft, 
capillary cryll.ds of fchorl and ruthil, fcales of 
chlorite, and dendritical iron ore, fltc. 

2 Suhfp, Fibrous quartz. 

Its colour is yellowifli or grcyifli white, and 
fometimes pale amethyft. It occurs in mafs: it 
has a faintly fbining vitreous luftre: its frafture 
is thick and fhort fibrous, either parallel, di- 
verging, or radiated: the radiated is compofed 
of globular diftin£k concretions, two inches or 
more in diameter. It is tranflucent, fometimes 
femi-tranfparcnt. In its other ch’araders it 
agrees with the proceeding fubfpecics. 
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It occurs in -veins and lining cavities, In both 
'which .fituations it is generally in immediate 
co^tad with the rock in which tmy are formed. 
The variety with globular diftin£t concretions 
has hitherto been found, we believe, only in 
Cornwall, where it conllitutes the great dyke 
or crofs courfe which pafles entirely acrbfs that 
country from north to fouth, cutting through 
and altering the direction of the metallic veins 
of that rich diitrifl. 

3 Suhfp. Granular quartz. 

Its colour is fnow white, yellowifli or greyifh 
white. It occurs in mafs and as a component 
part of certain granites. Its luftre varies from 
ih tiling to glimmering. It occurs in granular 
diftinA concretions, which are fometimes ce- 
mented together by an infiltration of quartz. 
When the concretions are very fine, the fraflure 
is nearly compact; when the concretions are 
larger, the fra£lure is more or lefs fplintery. 
Its fragments are indeterminately angular, blunt 
edged. It is tranilucent. In its omer charac- 
ters it agrees with the firft fubfpecies. 

The fine-grained with filvery mica and cream 
coloured felfpar, compofes a granite that occurs 
near Schihallion in the central highlands of 
Scotland : the larger grained forms large blocks 
in argillaceous mhiftus, and other primitive 
rocks in Shropfhire. This latter becomes of a 
pure fnow-wnite colour by calcination, and 
13 largely employed in the manufa^ure of 
China-ware. 

4,^ Subfp. Compa£); quartz. 

Its colours are to the full as various as thofe 
of rock cryftal. It occurs in mafs, difleminated, 
in rounded fragments, alfo of particular (hapes, 
fuch as globular, tubercular, fpecular, cellular, 
&c. It varies in luftre from Ihining to glim- 
mering, the former is generally vitreous, the 
latter is for the moft part greafy or pearly. Its 
fra^ure is coarfe fplintery pairing into minute 
conchoidal. Its fragments are indeterminately 
angular, not very fharp-edged. It varies from 
tranflucent at tne edges to femi-tranfparent. 
In other particulars it, agrees with the firft 
fubfpecies* 


It occurs in every kind of rock, from tlie 
oldeft to the moft recent, forining an eflential 
coriftitiient of fome,' as granite ana gneifs, and 
compofing veins and beds in others: fometimes 
it is found in confiderable blocks, but never 
forms entire mountains. 

There are three varieties of compaft quartz, 
which require to be dcfcribed feparately. 

Var. I. Prafe. 

Its colour is leek-green; it occurs in mafs. 
Its luftre is gliftening, between refinous and 
vitreous. It is tranflucent. It occurs at Bru- 
tenbrun in Saxony, in a mineral bed, and 
appears to be a very intimate mixture of quartz 
and actynolite. 

Var. 2. Milk or role quartz. 

Its colour is pale rofe, palling into reddilh, 

{ [reyifli and yellowifli white. It occurs in mafs. 
t is gliftening, with a greafy luftre. Its frafture 
is more or lets conchoidal. It varies between 
femi-tranfparent and tranilucent. It is fuppofed 
to be quartz coloured by manganefe. It is* 
capable of a high polilh, and is formed into 
various ornaments* It occurs in a large grained 
granite at Rabenftein in Bavaria, and is faid 
alfo to have been found in Finland. 

Var. 2* Aventurine. 

Its colour is yellowifli red, or ^ey, greenilh, 
or blackilh. When held in the light it appears 
to be filled with lilvexy and yellowifli fpangles 
that relleA the rays of light with great brilliance* 
Thefe fpangles have been taken by fome mine- 
ralogifts for mica, but according to others the 
appearance is produced only by the particular 
dire^ion of its laminx. It is fufceptible of a 
good polilh, and is ufed for feal-ftones and 
Other ornaments. The lineft aventurines come 
from Spain. 

QUICKLIME. See Lime. 
QUICKSILVER . See Mercury. 
QUINTESSENCE. 

Properly, the fifth elTence, or the refult ot 
five fuccc^inve diftillations. The term is at 
prefent obfolete; but was ufed by the old 
chemifts to exprefs the higheft degree of recti- 
fication to which any fubftance can be brought. 
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RADICAL VINEGAR. See Achtovs 
Acip. 

RAGG. See Basalt. 


REALGAR. See Arseni Cf Sulphuret of. 
REALGAR, Native. See ArseniCs ores of. 


RECEIVER, or RECIPIENT.! . . , 
RECIPIENT, Italian. / Articles 

of chemical apparatus, for an account of which 
fee the Appendix. 


RECTIFICATION. 


a metal and one of its ores happened to be 
called by the fame name. Thus the grey ful- 
phuret of antimony, was known by the name 
antimony, long before it was fufpedled to con- 
tain a peculiar metal, hence when this difco- 
vefy took place, the metal was called Regultis 
of antimony^ to diftinguifli it from the ore from 
which it was procured. For a (imilar rcafon 
the metals arfeiiic and cobalt were called ReguU 
of arfenic and cobalt. 


This term implies the repetition of the pro- 
celTes of diftillation or fublimation, generally 
with a lefs degree of heat than at iiril, in order 
thereby to purify the fubflances which arc 
the fubjedls of them from all foreign matters 
with which they may be mixed. Thus alcohol 
is redlified by rediflilling it at a gentle heat, by 
which it is Separated from the water and other 
impurities contained in . common diftilied 
ipirits. 

RED CHALK or REDDLE. See Iron, 
ores of, p. 587. 

RED LEAD or MINIUM. See Lead, 
oxyds of. 

RED SCHORL. See Titanium, ores of. 

REDUCTION. 

Is the decompofition of a metallic oxyd fo as 
to leave the metal in a Hate of greater or lefs 
purity, and exhibiting the luftre which is fo 
eminently charafleriftic of metallic bodies. 
Redu£lion is for the moil part effcdled by 
charcoal and a high temperature, either with or 
without the^ afliflance of fluxes . For the vari- 
ous modes of rcdu£lion in a£lual practice, fee 
the articles of the different metals. 

REFINING Gold and »ulver. 

For a particular account of the method of 
purifying thefe metals, fee the articles Assay, 

’ Gold and Silver. 

REFRACrOi<T. 

A fubftance that is either incapable, or even 
Tcry difficult of fufion, is faid to be refra£kory, 
&ch are quartz, pure clay, platiiia, &c. 

REFRI GER ATOR Y. 

An article of chemical apparatus, for a de- 
feription of which fee the Appendix. 

REGULUS. Konig. Germ. 

The term in its moft extenfive fenfe means a 
metal in the proper metallic ftate. Although a 
very convenient word, it is. not much in ufe at 
preient, being proferibed by the chemical neolo- 
rglfts. By the old chemifts it was* chiefly ufed 
as a diftln^kive appellatioo in thofe ca&s where 


RESIN. Harze, Germ. 

This term is given to a very important clafs 
of vegetable fiibRanccs of which there is a 
great variety of fpecic.s, differing from each 
other in coniillence, colour, fmcll, and in foine 
degree in chemical compofition. 

The origin of all the refins is the fame, that 
is, they exfude fpontancoufly, or are ex trailed 
by incifiotis ifiade in the bark of the refinoua 
trees, and moil of them gradually harden by 
expDfurc to air. A further portion of the fame 
refin may alfo be always extracted artificially 
from the tree that yields it, by chemical me- 
thods. Refin is alfo very generally met with 
in certain parts of vegetables, though its quan- 
tity is fo fmall, or its combination vAdth other 
confUtuent parts is fo ftrong as not to appear 
in its proper form till extrafled by chemical 
analyfis. Thus the bark of the cinchona con- 
tains no incoiifiderable quantity of refin thr>ugh 
none appears to the eye on mere iiifpcClion, 
or fproDably) could be extraflcd by incifion 
through the Jiving tree. 

The chemical -properties which are ufually 
underRood to charaAerizc a refin, are the fol- 
lowing: it is firR foftened and then melted by 
heat, and when kindled it burns readily witn 
a ftrong and generally fragrant fmell, with 
copious flame and fmoke, and leaves Icarcely 
any refidue behind. It is infoluble in water 
and moft watery liquids, and is not eafiy afled 
on by acids or alkalies, except they are concen- 
trated. and the a£bion affifted by heat or long 
digeftion. But it readily and totally diffoivcs 
in alcohol, forming a clear, but coloured, folu- 
tion from which by far the greater part of the 
refin is precipitated in a pulverulent form unal- 
tered, by the addition of water, which immedi- 
ately renders the folution op ikc and turliid. It 
is alfo iblubte in fulphuric ther, and in the 
fixed and volatile oils, particR%riy the latter. 
But though all refins agtee in the qualitier of 
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inflamm:ibilityy InfolublHty in water, and folu- clofe veflel, they firil give a confiderable quan- 
biiity in alcohol, there are feveral other cir- tity of eflential oil proportionate to the foftnefe 
cum fiances which have ufually been employed and approach to liquidity of the relin, after 
to diilinguifli the clafles of refins. wdiich, if the heat is raifed, they yield an acid- 

Balfatns according to the antient fenfe of the ulous water, carburetted hydrogen, and car- 
word was certainly applied (imply to thofereAns bonic acid, and a brilliant fpongy coal is left, 
that always remained in a fluid or femin-fluid The refins burn readily in the air, with much 
ftate, fuch as the Balfam of Capivi, of Mecca, flame and a very denfe fmoke, which latter 
of Canada, See. and thefe appear to be refins carries with it a large quantity of very pure 
holding a fupcrabundance of eflential oil, fo that charcoal, that fettles upon all the contiguous 
when diftilled fe a vaft quantity of oil arifes, furfaces, covering them with a fine lamp-hlaci. 
and a hanl brittle refiti is left behind if the heat Much water is alfo generated during this corn- 
employed is only moderate. Thus turpentine, bullion. 

which is a natural balfam, yields by didillation Refins unite by melting, with fulphur, and 
abundance of the eflential oil of turpentine ; alfo with phofphorus though with difficulty.* 
and common rofin (which is a true refin) is left It is generally aflerted that neither alkalies nor 
behind. acids have any a£lion upon refin, neither in- 

The term Balfam however has of late been flaming nor oxydating them nor reducing them 
injudicioufly applied in the modern chemical to a foap.** This however is found to be en- 
nomenclature to thofe two or three fpecics of tirely a millake, for many of the acids, and the 
refins that contain a notable quantity of Benxoic fixed alkalies a£l very powerfully upon thefe 
eddy as deferibed under that article. fubilances, as has been (hewn by Mr. Hatchett 

Gum reRns are natural mixtures of a true in his valuable analyfis of gum lac,* and more 
refin witn another fubflance apparently of lately in his experiments on the produdlion of 
the nature of gum and foluble in water, artificial tannin.*^ The former have been al- 
Hence if they are triturated with water, they ready mentioned under the article and the 
remain fufpended in it in pretty intimate mix- latter we (hall chiefly refer to tanniny but with 
ture for a confiderable time, forming an opake a lliort notice in this place of that part of thefe 
emulfive liquor. . By ftanding, however, the highly curious refearches which more immedi- 
refin fubfides, and the liquor becomes clear, ately refers to the properties of refins. 
but it retains the flavour and fmell of the gum Potalh compleatly diflblvcs refin by long 
refin, and leaves on evaporation a fmall quantity boiling, and carbonat of potaih ads confider- 
of brown extradive matter. Gum-ammoniac ably upon it though much lefs perfcdly. This 
is an example of this kind. This diftindion folution is clear and of a faponaceous confill- 
however is not very precife, and is more ufeful ence, and will bear dilution with water without 
in pharmacy than in pure chemillry. becoming turbid, but on the addition of an acid 

There arc fome fubilances evidently refinous the whole of the refin feparates. 
in their nature and origin, but which have If a metallic folution in acid be added to the 
other peculiar properties that have caufed them alkaline folution of the refin, a curdy precipi- 
to be excluded from the lift of refins. tate is formed, confiding of the refin united 

Camphor is of this kind, which pofleiTes mod intimately with the metallic oxyd, which 
fome diftindive charaders that have already bears a ftrong refemblance to the fimilar preci- 
been fully deferibed under that article. pitates formed by adding a metallic folution to 

Caoutchouc, copaK and perhaps amber alfo, loap. 
appear to belong ftridly to the clafs of refins. When ftrong nitric acid is digefted with 
but each has lomc points in w'hich it differs refin it is firft converted into a pale orange- 
materially from them. coloured porous brittle fubftance, after which 

We lliall refer our readers to the articles a repeated abftradion of the acid at a boiling 
Vamijb and Turpen:ine for fome of the moft heat, converts the refin into a deep yellow vifeid 
important individual refins, and in this place fubftance, foluble both in water and alcohol, into 
only notice fome chemical properties common a clear liquor, in which moft of the refinous pro- 
to the whole clafs. ^ ^rties are loft. Very long continued digeftion 

All the refins fink in water. Moft of them in the acid without heat will produce the fame 
are wiAout tafte or only give a flight pungency effe£l. Nitrous gas is produced in abundance 
when dong chewed. When heated per Je in a during each diftillation, and the ftrength of thq 

• Fourcroy. ^ Ibid. * Pkil. Tranf. for 1804. ^ Ditto for i8oy and 6. 
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acid which cornea oyer is diminiihedt which 
ihews that this change draends chiefly^ if not" 
entirely upon the a^ion of the oxygen of die de- 
€X>mpofed acid. This deep yellow folution pro« 
duces no effe& on nitrat of lime dius (hewing 
the abfence of oxalic acid. With acetited lead it 

g *ves a copious yellow precipitate, and with a 
lution of ifinglafs or any other animal gelatin 
it produces a denfe yellow precipitate, infoluble 
in boiling water; and refembling in every other 
property the precipitate produced by galls, ca- 
tcchu, and other native vegetable tannins. This 
lad ofFef^ however is not produced unlefs the 
refin has been long and repeatedly treated with 
nitrous acid, whereas the refinous properties 
are loft at an earlier period of the adion of 
this acid, t )n the other hand, if the refin has 
been previoufly charred to a (light degree 
either by heat or by fulphuric acid, me artificial 
tannin is produced much more fpeedily. Hence 
Mr. Hatchett fuppolcs that this tanning Tub- 
ftance is formed in confcquence of part of 
the oxygen of the nitric acid combining with 
the hydrogen of the refin fo as to produce 
water, and a proportionate quantity of carbon 
being thus denuded it is capable of yielding the 
tannin by the iubicquent adion of the acid* 
It (houlci be added too, that the fame fubftance 
is produced in much greater abundance by the 
z&ion of nitric acid on charcoal alone, which 
thus may be made to yield more than its own 
weight of tannin. 

It has been mentioned that no oxalic acid is 
formed by the a£^ion of the nitric acid on tlie 
pure refills, and this appears to be a very good 
charadleriftic mark of thefe bodies, fince moft 
other vegetab c principles yield it in greater or 
lefs abundance This is particularly the cafe 
with mucilage and extract of every kind, and 
hence the natural Gum-rejws when treated with 
nitric acid afford afmall quantity of oxalic acid, 
which may ferve to diftinguifti them from the 
true refills. This produdfion of oxalic acid 
appears abfolutcly to prevent the formation of 
the artificial tannin, fo that none of the latter 
could be obtained from gum-arabic, tragacanth, 
and other mucilages. The prefence of the 
benznic acid aUb in fome degree counteradks 
the formation of tannin, and hence lefs of it is 
produced from gum benzoin, and baifam of 
tolu, than from the fimpler refins 

When concentrated fulphuric acid is poured 
Upon any of the folid refins reduced to fine 
powder, it diflblvcs them in a few minutes and 
forms a tranfparent yellowifti brown folution of 
rthe confiftency of a vifeid oil. This procefs 
VOL. zi* 


feeras at firft to be a fimple folution, but in a 
little time (efpecially if warmth be ufed) the 
colour of the folution progrellively deepens, 
fulphurcous acid gas exhales, and at length the 
whole becomes a thick fluid, of an inky black- 
nefs. A fimilar eSeCt is produced by the aftion 
of this acid upon the liquid refins. If the acid 
is poured on common turoentine it diflblvcs it 
almoft immediately, and it a portion of this fo- ' 
lution be poured into cold water, tlie turpentine 
is precipitated in a folid brittle (late like oom-r 
mon yellow rofin. But if a fecond portion is 
thus decompofed after the interval of an hour 
or two the precipitated refin is of a dark brown; 
and a third portion after the interval of four or 
five hours is quite black. If the digcllion be 
continued for leveral days, the produ£lion of 
fulphureous gas ceafes, and tlie turpentine (or 
whatever refin be ufed) is converted into a 
black porous coal, which yields no refin to al- 
cohol, and amounts In general to from a third 
and more to a fifth of the refin employed. 
The quantity of coal produced by fulphuric 
acid far exceeds that which is afforded by the 
fimple application of heat, fince thefe refins 
when heated ftrongly psr fe in clofe veflels leave 
behind fcarcely a hundreth of their weight o£ 
coal. If feparate portions of the refin procured 
by dropping the fulphuric folution in water after 
different periods of digeftion are merely diflfolved 
in nitric acid, the artificial tannin is only found 
in thofe folutions in which the refin is actually 
or nearly charred. The coal obtained from the 
refin by means of fulphuric acid is not only in 
much greater quantity than that produced by 
fimple heat, but differs from it confiderably in 
texture and appearance, being when obtained 
by the humid procefs, (hining, hard, and fome- 
times iridefeent; whereas that produced by cal- 
cining the fame refins in clofe vcflels is fpongy 
and light. The former kind burns like (bme 
of the mineral coal» with great difficulty, but 
the latter like common charcoal, 'i he great 
difference in the proportional quantity of coal, 
is fhewn by the following ftatement: too gr$. 
of common refin afford by fulphuric acid 43 of 
coal, of which after expofure to a red heat 30 
ftill.rcmain, but the fame quanti^ yields by cal- 
cination in clofe veffels only | of a grain. 

ICO grains of maftich aftord 66 grs. of coal, 
by the firft procefs, but only 4| by the fecond* 

loc grains of amber yield 56 grs. of coai By 
fulphuric acid, but o: ly 3I by calcination. 

On the other hand the diflerence b^wcen 
thefe refpe^Iive quantities of coal from the 
mucilages is much left* .. 

2 M 
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The acetic acid diflblves the true reiius even 
widiojit heat when digefted with them for a 
confiderable time^ and on the addition of water 
the whole is again feparateds apparently un- 
changed. This latter method is ufeful in ana- 
lyfis to feparate refin and gluten, both of which 
af€,foluble in acetic acid, but the latter remains 
in Iblution when water is added. As the acetic 
'acid does not (like the fulphurie and nitric) 
alter the relin, it affords a very ufeful re-agent 
in chemical analyfis. 

A very ftrong refemblance erkls between 
the refins and the efleiitiaJ oils in many of their 
moft important properties, whence fome che- 
mifts have been difpofed to confider thefe oils 
as the origin of refins. When an efiential oil 
is expofed to the air, much of it is entirely 
evaporated, but the portion which is left gra- 
duallv thickens, water appears on the fur^ce, 
and tne oil lofes its volatility, and with it much 
of its fmell, and gradually approaches to the 
ftate of refin. This change has already been 
‘mentioned under the article Oil Ej^ential (page 
183) and alfo the method of reftoring a part of 
this oil by means of fulphurie ether into its 
original ftate, and the perfect rcfinification of 
the remainder. 

Nitric acid alfo converts the effential oris 
into a refin, where the mutual a£lion of the two 
fubftances (which is very rapid and inteiife) is 
moderated by dilution, or very gradual affufion 
of the acid in fmall quantities. This change 
(wliich is alfo mentioned iu the fame article, 
p. 184) takes place very remarkably with oil of 
amber, which refembles the efiential oils in many 
properties. If about its own bulk of fuming 
nitrous acid is poured on it gradually, much 
heat is excited, and nitrous gas is given out, 
though the a£lion is altogether lefs than with 
the efiential oils, and in fome hours the whole 
is refolved into a yellow acid liquor, weak of 
acid compared to the quantity employed, on 
which fwims a tough yellow refin intenlcly bit- 
ter, aromatic, infoluble in water, but whicn dif- 
folves in alcohol, and is precipitated from it by 
water. This fingular fubftance leaves a mufky 
fmell when a little of its folution is fuffered to 
dry in the air, and it has been introduced into 
m^icine under the name of Artificial Musk. 

We may conclude this article by a fliort 
enumeration of the moft important of the true' 
refins, the gum refins, and the fubftances, not 

E repared by art, to which a refinous nature has 
een ufually attributed.* To attempt to enu- 
merate them all would be endlefs, as there are 

• Murray Ayparatui Vedicam*. 


few 'plants from which a fpecies of refin may 
not be extra^ed by art, and even the number of * 
thofe diat exfude fpontaneoully is extremely 
great. 

Though no clafllfication will correflly cor- 
refpond with their chemical properties, the li- 
mits between the refintf and' gum-refins not be- 
ing very procife, we m^ ufefully arrange the 
greater part of thefe fubftances under the head 
of Liquid Rfins or Balfiims^ Solid RfinSf and 
Gum Refins. The two firft claflTes are entirely 
or almoft entirely infoluble in water, except 
they contain benzoic acid, but totally yield to 
alcohol. Diftillation with water extra^s from 
the liquid refins a large quantity of efiential oil, 
and leaves a refidue much refembling the folid 
refins. The gum-refins are partly foluble in 
water and partly in alcohol. 

LiquiD Resins. 

1. Turpentines. Under this name we may 
include all the liquid refins exfuding from the 
difierent fpecies of pine, which from their im- 
portance in the arts and the immenfe confump- 
tion of them will be feparately deferibed under 
the article Turpentine. They all yield abund- 
ance of the limpid efiential oil of turpentine 
when diftilled, and by different modes of pre- 
paration furnifti fcveral varieties of rfin^ pitchy 
tar^ &c. There are at leaft four fpecies of 
turpentines commonly known in the (hops, the 
Chio^ Venice^ and Common Turpentine^ and the 
Canada Balfam. 

2. Balfam of Capivi or Copaiba is a clear yel- 
lowifh refinous juice, about the confidence of 
thin treacle, which flows in confiderable quan- 
tity from incifions made in the bark of a large 
tree of South America, the Copmifera Officinalis. 

This balfam has a very agreeable fmell and a 
pungent bitterifh tafte. It grows ftifier by long 
keeping but never concretes into a folid. It 
difiblves totally in alcohol. When diftilled with 
water it yields nearly half its weight of elfential 
oil, and a brittle inodorous refin is left. It ap- 
pears therefore to be a natural combination. 
Amply of refin and effential oil. 

3. Balfam of Afecca^ Opohalfam^ or Balfam 
of Gilead. This is a liquid refin which exfudes 
from the Amyris Opobalfamum^ a fmall evergreen 
tree that ^rows in many parts of the Levant, 
and alfo in great perfe£tion on the (hores of 
the Red Sea. It bears an extremely high price 
among the Turks, who employ it chiefly as a 
cofmetic, and it is fcarcely ever found genuine 
in any otlier part of Europe. 

It is moderately fluid, of a yellowifh white 

Lewii Miteria Med. ^c. 
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■coloiiri very fragrant, and of a flightly bitter 
and acrid tafte. Its chemical properties clofely 
refemble thofe of the laft mentioned fpecies, 
and it is only mentioned in this place on ac- 
count of- the extravagant value which the 
Turks fet upon it, which is far beyond that of 
all the. other aromatics. 

4. Balfam of Peru. Tins is a dark brown 
ball am of the confiftcnce of thin hoiiey ob- 
tained from the Myroxylon Perurfemtn (as it is 
faid) by boiling the twigs and bark in water, 
and when cold, the balum fwims at the top of 
the liquor and* is Ikimmcd off. ^Fhere appears 
to be two fpccies of this balfam, the iMle and 
the hroiun^ but tlie latter is the only one com- 
monly known. 

This juice has a very fragrant fmell and 
•pungent taftc. It is entirely immifcible with 
water and with the fixed oils, but diflblves in 
the effential oils .and in alcohol. When this 
balfam has long remained at reft in any veflel, 
it depofits cryftals, from which the benzoic 
acid may be obtained by fublimation. 

By diftillation with water this balfam yields 
^ of its weight of an cflcntial oil, of a rcddrlli 
colour, and a pungent tafte. This oil probably 
alfo contains benzoic acid. When compleatly 
charred by fulphuric add, Mr. Hatchett found 
100 grs. to yield 64 grs« of mere charcoal. A 
compound tin£lure of this balfam forms the 
common Friar* Balfam^ ufed as an application 
. in cuts and flight wounds. 

5. Balfm of Tolu. This juice flows from 
incifions made in the trunk of the Toluifra 
Balfamumy a large tree refembling the pine, 
•which abounds in the province of Tolu, in 
South America. It is of a ycllowifh brown 
colour, and, when frefli, of a thick tenacious 
conflftence, but by age it hardens fo as to be 
moderately brittle in cold weather. 

This balfam has a moft fragrant fmell, more 
fo than moft of the refins, fomewhat refem- 
bling lemons. When chewed it clings to the 
teeth, and at firft gives very little tafte, but after 
a time it leaves an agreeable pungency in the 
mouth. When kindled it burns with a copious 
flame and fmoke (like all the other refins) but 
this is accompanied with a very pungent ffa- 
•grant vapour which excites coughing, and is 
owing to the volatilization of the benzoic acid 
that this balfam contains in fome abundance, 
though in much lefs* proportion than the 
gum benzoin. When this balfam is boiled 
with water it melts, and fettles at tjic bottom of 
•the vcflTel, and apjpears to remain there unal- 
itred^ blit the watet without lofing its trans- 


parency becomes highly fragrant and pungent, 
and contains a notable quantity of benzoic 
acid. This acid may alfo be procured from it 
by. the fame methods by which it is extrafted 
from the gum Benzoin, as deferibed under that 
article. 

Balfam of Tolu is totally foluble in alcohol, 
and it is entirely feparated from this mei>- 
ftruum (the benzoic acid excepted) by water. 
If the folutlon is not too concentrated this pre- 
cipitated balfam remains for a time fufpended 
in the liquor and gives it a milky appearance. 
By diftillation diis balfam yields an elTential oil 
and benzoic acid. A hundred grains of the 
balfam charred by fulphuric acid, gave fifty-four 
grains of charcoal. 

6. JLiquidamhaTy .or Liquid Storax. This is a 
rofinous juice, which flows from the trunk of 
the Liquidambar &tyracijlua^ a tree refembling 
the maple, found in Virginia and Mexico. This 
balfam is of the confiftence of honey, reddiih 
brown, nearly tranfparent, of an acrid iinftu- 
Qus taftc and a .fragrant fmell. It is feldom 
feen, and has not been much examined. 

Solid Resins.. 

7. Gum Afiime. This refin, which is very 
rarely met with, exfudes from the trunk of the 
Hymenaa Courbaril^ a large tree growing in 
Brazil and New Spain. It is brought over 
either in fmall roundifli tears, or in larger 
mafles, with the furfaces covered with a white 
powder. The colour Is ycllawifli white and 
pellucid, it is *very brittle, and gives a lliining 
traflurc. It refembles copal in appearance, but 
is readily diftinguiihable from it (among other 
things) by being eafily and totally foluble in 
alcohol, which copal is not, without much dif- 
ficulty and particular management. This refin 
has very litdc taftc. It is infoluble in water, 
but forms a grateful yellow tiii£kure with alco- 
hol, which has a bittcrilh pungent tafte. Dit 
tilled with water it gives a very fmall quantity 
of cfleiTtial oil. The natives of the countries 
whence it is procured chew it, but it is never 
iifed in Europe. 

8. Benzoin. This refin, which contains piore 
of the benzoic acid than any other fubftance^ 
has already been deferibed under tliis article. 

9. Dragon*! Blood. The origin of this va- 
luable refin is not precifely known, but it 
appears to be obtained from feveral large trees 
growing in many parts of thp £aft Indies ^nd 
the Indian Archipelago, of. which the moft 
known are the Calamus Rotung, and Pterocarfius 
Draco. This refin is very largely naixed, and 
adulterated fo that 'the famples to be fouhd in 

2 M 2 
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the different (hops, often have fcarcely any 
other refemblance than in colour. The beft fort 
of dragon's blood is found in irregular roundilh 
pieces about the fize of a walnut^ often wrap- 
ped in palm leaves, and of a deep uniform dull 
red colour, without fmell or tafte. When 
broken, its texture appears homogeneous, but 
evidently cellular. If a little of it is rubbed 
much in a mortar the colour brightens^ and 
fomewhat approaches that of vermillion. 

Pure dragon’s blood is entirely infoluble in 
water, but totally foluble in alcohol, forming a 
tin^lure of a fine blood-red colour. It burns 
with a bright flame, and readily confumes 
leaving only a fihall portion of a white afii. 
When charred by fulphuric acid, zoo grs. leave 
48 grs. of coal. 

Dragon's blood is foluble in* the eflential oils, 
and all'o in the fixed, giving them a fine red 
colour. This refin is largely ufed in VarntfiAng^ 
(which i’ee) in lacquering, and painting, where 
a full bodied deep red is wanted. 

10. Gum Elemi. This refin comes over 
from South America in femi-pellucid yellowifh 
mafles generally wrapped up in leaves, and 
vifibly contaminated with bits of twigs and 
bark, friable in the fingers, foftening by heat, 
of a fragrant fmell and bitterifh talle# The 
tree that yields it is fuppofed to be the Amyru 
Mlemifera. 

WatJr diilidves only about 7V refin, 

and the remainder is foluble in alcohol. 

1 1 . Gum Hedera is a refin which exfudes in 
hot countries from the llalks and leaves of the 
ivy, {Hedera Helix,) 

It appears in hard compa£t mafles, reddilh 
brown externally, internally of a bright yellow, 
nearly opake, brittle, and with a glofly vitreous 
fraflure. The fmell is agreeable when rubbed, 
the tafte (lightly aftringejit. It is not entirely 
ibluble either m Water or alcohol, fo that in 
ftrifinefs it ought hardly to be called a true 
refin. It is little known, and has not been 
carefully examined. 

12 . Lahdunum or Ladanum. This refin ex- 
fudes fpontaneoufly from the leaves and branches 

^ of a fragrant (hrub {Ciftus Creticus) which grows 
^ abundantly in the dry mountainous regions of 
the Ifle of Candia, Syria, and other parts of 
the Levant. Ladanum is a black, hard, heavy, 
refinous* mafs, rough externally, and in frag- 
ments, and its fraAure (hews di(lin£t fparklitig 
particles. When chewed it gives a gritty feel 
to the mouth, and a bitterifh tafte, but does 
not dilfolve. The fmell is fragrant. When 
di^efted with water it imparts its grateful fmell. 


but does not fenfibly diflfolve therein. By 
diftillation it gives a fragrant effential oil, and a 
taftelefs brittle refin remains. Alcohol diflblves 
all the refin, and always (hews in the undiflblved 
refidue a confiderable quantity of fand and 
other impurities. 

13. Mq/itch. This very valuable refin is 
procured from the Piftacia Leniifeus^ a tree 
that grows to ten or twelve feet high, and is 
cultivated in many parts of the Levant, par- 
ticularly in the illand of Chio. 

The beft maftich is in the form of fmall 
roundifh tears, hard and brittle, of a faint 
cllow colour, nearly tranfparenc, with a light 
ut pleafant fmell, and little or no tafte. 
When chewed it fbftens in the mouth, and 
excites a confiderable flow of faliva. It is 
nearly infoluble in water, but gives it a pleafant 
flavour when boiled with it. Alcohol and the 
eflential oils diflblve maftich entirely, forming 
a clear light-yellow tenacious folution, which 
either alone or with other refins is much em- 
ployed in varnifhing^ and other arts. When 
charred by fulphuric acid, zoo grains afford 66 
of charcoal. 

Z4. Sandarae, This refin exfudes from the 
bark of feveral kinds of Juniper, and concretes 
in nearly pellucid yellowifti tears of a pleafant 
fmell, and fcarcely any tafte. It is compleatly 
foluble in alcohol, and in oils fixed or eflential, 
and is much ufed in varnifhing. 

15. Tacamuhacca* This refin is obtained 
from the Fagara odattdra^ a tree found in many 
parts of South America. There are two forts 
of this refin; the beft is collc£lcd in gourd 
fliells, and is unAuous and foft, of a greeni^fh 
yellow colour, a delightful fmell approaching 
to that of lavender, and a bitterifh aromatic 
tafte. It is feldom ufed. 

16. StyraXi or Storax^ is a very fragrant refin 

procured from the Styrax qffi a middling 

iized tree, a native of Afia. There are two forts 
of this refin; the Styrax calamita, compofed of 
reddiih brown mafles of a waxy confiftence, and 
free from vifible impurities. The other, which 
is by much the commoneft fort, is fo largely 
adulterated with faw-duft, that it looks rather 
like a mafs of faw-duft fomewhat agglutinated 
by means of a foft clammy refin. Common 
fiyrax infufed in water gives it a golden colour, 
a fragrant fmell, and a flight balfamic tafte» 
Diftillation with water ftill further impregnates 
this liquid with the fame qualities of fmell and 
tafte, and contains benzMc acid, which may be 
extraAed iii the way mentioned under this 
article. When ftyrax «8 diftiUed perfi it yiqlda 
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along with an empyreumatic oil fome cryftal- 19. Gum Ammoniacumi a gum rcfin brought 
Hzed flowers of benzoin. Alcohol diflblves all from the Eaft Indies* compofed of finall white 
the true ftyrax from the impure mafs. In lumpsor tears* more brittle than moft of the other, 
flavour andf when pure* in other properties, ^um-refins, and eafily reduced to fine powder 
this refin ftrongly refembles the balfam of Tolu, in cold weather. It unites perfedly with water 
Gum Resins. Thcfe fubilances, as already into a milky emulfion, and water and aicohol fe- 
mentioned under this article, are not entirely parately dilTolve only a portion of the gum. It 
Ibluble in cither water or pure alcohol, fingly, is fometimes employed in a fmall degree in the 
but compleatly fo in a mixture of the two. compofirion of cements and variiilhes. A hun- 
Many of them have very ftrong fcnfible proper- dred grains charred by fulphuric acid give 58 
ties, and they are altogether much more a^ive of charcoal. 

when ufed medicinally than the refins. When 20. Opopanax is a ftrong-fmelling gummy 
rubbed with water, they form a thick emulfion, refinous juice procured from the Vajiwaca 
from which moil of the refinous part feparates opopanax^ ami brought from Turkey and the 
by repofe. Eall Indies in fmall round drops or irregular 

The gum-refins are principally, though not lumps of a reddifli yellow colour. It mingles 
entirely, ufed in medicine. perfc£lly v/ith water, and agrees in clicmical 

17. Afafostidan This gum-refin is the dried properties with the otluT gum refins. 
juice of a large umbelliferous plant, {Ferula 21. Sagapenum^ is a f'tid gum much refem- 
mfafestida^) which grows in the mountains of bling afatcctida, but weaker in ftnfiblc proper- 
Perfia and Arabia. It is colle£Ieil by cutting tics, it is brought from Alexandria, in foft 
the mature plant a little above the ground, irregular mailes llieking to the fingers w’hen 
which caufes a quantity of white juice to exfude fi indled. In chemical properties it agrees very 
on the cut furface of the (lock, that foon con- clofcly wdih afaloctida. 

cretes into a browniih foft gum. ) his is 22. OlUmnum. A gum rcfin brought from 
removed, a frelh furface is made on the ilalks Turkey an^l the E.ifl^Iiidics, in large roundiih 
by cutting it down for an inch or two, and lumps, ft'mi-pcilucid, and when of the purell 
more of the juice is colle^ed, till after a time kind, of a flight yellow colour. When chewed 
the whole is exhaufted, and the (lalk dies it has a bittcriili pungent tafie, and makes the 

Afafoctida is brought to us in irregular fiiHva milky 'Fhe fmell is rood crate ly ftrong, 
mafles moftlyof a bnowMiilh colour approaching and not difiigrccablc. When laid on a hot iron 
to red, and involving i'maller lumps that are it burns witli a ftrong, penetrating, -.nd ratlicr 
nearly white. It has a very ftrong fetid fmell fragrant fmell, and is fiippofcd to have, been 
like garlic, extremely permanent and difFufive, ufed by the ancients for incenfe. 
its taile is naufeous and biitcrifh. If rubbed 23. GdUiboge, For a defeription of this 
with water it eiitirely refolves into a milky valuable gum, fee the article Gamboge. 
emulfion, from which after (landing for fome 24. Euphorbium is a juice procured from a 
time mod of the refinous part iubfides, leaving plant of this name, brought chiefly from Barbary, 
a clear fupernatat^t liquor containing much gum in drops of an irregular form of a pale yellow, 
in (blution. Pure alcohol diiTolves only the and brittle. This gum-refin has but little fmell, 
refinons part, and makes a clear yellow folu- but the taftc is one of the mod biting and acrid 
tion. Dilute alcohol diflblves the entire refin of any known fubftance, and the e(Fe£l on the 
and forms a browni(h, rather turbid tindlure organs remains for a confidcrable time. 'It 
Water diftillcd off afafoetida rifes ftrongly im- confifts of about equal parts of gum and rcfin. 
pregnated with its peculiar fmell. A hundred 25^ Myrrh. This gum-refin exfudes from a 
grains charred by (ulphuric acid yield 58 grs. tree which grows in Abyflinia and many parts 

of charcoal. of Arabia, but is little known. It comes pvor 

18. is thecoficrctcgummy-rcfinous in rouhded pieces of various (ize, and lliil 

juice of an umbelliferous plant of Ethiopia, . more varying in colour, confidence, taftc, and 
(Buhm galbanumy) and is brought over in pale fmell. The bed fort is lemi-lranfparent, friable, 
femi-tranfparent, foft, tenacious maiTes, inter- un£tuous to the touch, of an uniform light ot 
mixed with clear white tears of the fame re(in. reddi(h yellow colour, of a ftrong but not. 
This juice has a ftrong unolcafant fmell, and a ungrateful fmell, and a (lightly pui,igent and. 

. bitteri(h, warm taftg. When rubbed with very bitter tafte. It burns with fome diiliculty. 

water it diflblves into a milky emulfion, and has It compleatly diflblves in boiling water ^ licn 
all'other chemical properties of gum refins* previoufly pulverized, but on cooling, a yellow 
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*Te(inous fediment falls down. The fupernataht 
liquor evaporated nearly to drynefs yields a 
faponaceous extraft, which retains much of the 
'flavour of the myrrh. Alcohol digelled with 
myrrh forms a very ftrong-fmelling, intenfely 
bitter tin£lure, of a very fine golden yellow 
'Colour, which is made turbid by the addition 
of water. 

Guametwt, This fubftance has ufunlly been 
•reckoned among the perfect refins, but late 
experiments (though they are not complcat,) 
fliew that it has fonie very peculiar properties, 
fo that it cannot be clalled properly cither with 
the gums or refins. 

This gum is procured from the Guatacum 
or Lignum vita^j which is a very hard, 
pontlcrous wood, obvioufly abounding with 
relin, and as it were foaked in it, fo that it 
has a peculiar greafy feel, and a very ftrong 
and peculiar fmcll when rubbed. 

Gum guuiaciim is brought over in irregular 
mafies, eafily friable, of a dufky green colour. 
It is in fome degree tranfparent, and it breaks 
with a vitreous rrafture. When pulverized, it 
is of a grey colour, but becomes green on 
expofure ta air.* It melts when heated, and 
gives a very pungent aromatic odour. ‘^Flie 
fmell is fragrant*, it gives fcarccly any tafte in 
the mouth, but when fwallowed, it excites a 
ftrong burning fenfation in the throat Mr. 
Hatchett has obfervfd that guaiacum, though 
apparently a pure refill, differs from all the pure 
refins in giving much oxalic acid by the nitric, 
and in yielding fcarcely any artificial tannin 
with the nitric acid. Mr. Brande has fince 
fiven an interefting analyfis of this fubftance.^ 

When pulverized guaiacum is digefted in a 
moderate heat in diftilled water, an opake 
fdlutlon is formed, which becomes clear on 
pafliiig the filter. 'IThis liquor is of a greenilh 
brown colour, and a fwectifli tafte. "J he 
muriats of alumlne and tin, and nitrat of filver, 
all caufe a brown precipitate, and when the 
liquor ' is evaporated an extraEl is left. One 
jiundred grains of guaiacum yield about 9 grs. 
of this extra£l, which alfo contains fome &lt of 
lime, as ihewn by the oxalic acid. ^ 

Alcohol diffblves guaiacum with eafe, leaving 
about 5 per cent, of extraneous matter undif- 
iblved. This folution is of a deep brown 
.colour, and is decompofetl by water, which 
feparates the refin and leaves the liquor of a 
milky hue. If muriatic acid is added to the 
alcoholic folution, the refill at firil feparates. 


which an excefs of the acid redillblves. 'Tlie 
addition of nitrous ether to ^ the tin£lure and 
fubfequent dilution with water, caiifes the refill 
to precipitate, which foon acquires a fine blue 
colour,*^ and this change of colour appears 
charaftcriftic of the refill of guaiacum, and has 
been 'employed as a means of detedling any 
adulteration. ‘ JLiquid oxymuriatic acid added 
to the tindlurc alfo precipitates the refin imme- 
diately of tlie fame blue colour.** Acetic acid 
caufes no precipitate, the refin being readily 
foluble ill this licid. Nitric acid diluted with 
one fourth of its weight of water, turns the 
tindlure green, and gives a green precipitate 
after ftanding fome hours, but the colour foon 
changes to blue, and afterwards to brown. 

Alkalies do not caufc any. precipitation in the 
tindlnre. 

'llic guaiacum in fubftance ftiews the follow- 
ing effedis with the different reagents. 

Sulphuric ether dillulves it though lefs abun- 
dantly than alcohol. 

Sulphuric acid afts on it nearly as on the 
other refins, and finally chars it, leaving 58 
grs. of coal from 100 of the refin.® 

Nitric acid ads upon it in .1 peculiar manner: 
100 grs. of guaiacum were added to .i oz. of 
this acid of 1.39 fp. gr.f the refin at fii ft be- 
came of a dark green colour, a violent efferveC- 
cence was excited with the produflion of much 
nitrous gas, and the whole was •dillblved with- 
out the affiftance of heat. 'Fhis folution, left 
at reft for fome hours, depofited cryftals of 
oxalic acid. In this laft c ire urn (lance, and in 
the ready folubility in cold nitric acid, guaiacum 
differs effentially from the other refins. 

Dilute nitric acid a£ted fomewhat differently, 
and diflblvcd only part of the guaiacum, and 
the remainder was converted into a chocolate 
brown fubftance, apparently the fame as that 
produced by adding the fame acid to the 
tindure after it has palled through the changes 
of green and blue. This brown fubftance now 
more complcatly rofembles ihe true refins, 
being equally foluble in alcohol and ether, and 
infoluble in water. If this is further decom- 
pofed by nitric acid, in the way mentioned 
by Mr. Hatchett, it is converted into artificial 
tannin. 

Tlie alkalies, pure and carbonated, dlflblve 
guaiacum with eafe. 

RETORT. 

An article of chemical apparatus, for an ac- 
count of which fee the Appendix. 


• Murray. Appar. Med. 

Med* vid 3. * .toode. 


Moneb, in Ciell’e Janrnal, or Mumy, Aj^avu 


► Phil. Traof. forx8o6. 

• Idatcheu. * Brands. 
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RHODItTM. Sec Platina. 

ROCHELLE SALT. See Tart&itb ov 
Potash and Soda. 

ROCK CRYSTAL. See Quartz. 

ROCK SALT. See MufciAT op Soda. 
ROSES^ Attar of. See Oils vegetable^ eflen** 
rial. 


ROSIN. See Turpentine. 
ROTTEN-STONE. See Tripoli. 

RUBY. See Spinel. 

RUBY oriental. See Corundum. 

RUBY OF ANTIMONY. See Anti* 

MONY. 

RUTHIL. See Titanium, ores of. 



SACCHARUM SATURNI, or Sugar of 
Lead. See Lead, acetitc of. 

SACCHOLACTIC ACID. See Milk. 
p. loo. and Mucilage, p. 112. 

SA¥¥lAyVflE»R. CarthamuSy or Bqftard Saf^ 
Jron. 

This plant, the flower of which is employed 
in dyeing and colouring, is cultivated in Spain 
and in many parts of the Levant,* from which 
it is chiefly imported. 

'Fhis dyeing material contains two colouring 
matters, a yeflow and red, the former of thefe 
alone is foluble in water and is comparatively 
of little value, the latter is foluble in alkalies 
and precipitated thence by feveral acids and 
forms a beautiful rofe-red pigment. This is 
partly ufed for (ilk dyeing, but the great con- 
fumption of it is in tne rouge lb celebrated as a 
cofmetic, and of which it forms the eflential 
ingredient. 

"I'o prepare the carthamus for this purpofe it 
is necelTary firft to extra£k the yellow portion, 
which is done by tying the plant in a linen bag, 
and then wafhing it inceflantly with water, 
ufing much fqueezing.and rincing till the water 
aflTes olF colourlefs. The refidue in the linen 
ag now confifts of the fibrous part of the 
plant and of the valued red fecula, which 
laft however is in very fmall quantity. This 
is extracted by digelling the wafhed carthamus 
in a folution of carbonat of foda, (without ap- 
plying artificial heat which would impair the 
colour.) and this gives an orange yellow alka- 
line folution, which on faturation with acids 
turns red, and gradually depofits a beautiful 
red fecula which is the pigment in' queft ion. 
Lemon juice is the acid preferred. But as the 
colour of this red fecula is extremely intenfe 
it will bear dilutions, which is done chiefly by 
rubbing it with finely powdered talc, in dilFer- 
ent proportions. 

Alcohol will alfo diflblve the red part of 
carthamus; and after the yellow portion has 


been* extrafled by water, a fine red tin£lure is 
made by digefting the refidue in alcohol. 

On account of the high price of carthamus 
it is feidom if ever employed except for giving 
a finifhing glofs to dyed filks, and for the pre- 
paration of rouge. Alkalies of every kind im- 
mediately alter the colour to an orange yellow, 
again reuorable by acids. 

SAFFRON OF MARS. See Iron, 0.612, 

SAHLIl'E. Sahlit, Wern. Malacolithe^ 
Hauy. 

Its colour Is between greyifh green and pale 
leek green. It occurs in mafs, and cryftallized 
in fix-fided prifms. It is moderately fliining 
with a waxy luftre. Its longitudinal fraaure 
is lamellar in three dircaions. Its fragments 
are often rhomboidah It is tranflucent on the 
edges; its hardnefs is about equal to that of 
glafs. It is very fmooth to the touch, and is 
eafily frangible. Sp. gr. 3.23. 

It is fulible before the blow-pipe with difli- 
culty into a porous glafs. Its component parts, 
according to Vauquelin, are 
53. Silex 
2D. Lime 
19. Magnefia 
3* Alumine 

4. Oxyds of iron and manganefe 
99. 


This mineral was firfl: difeovered in the filver 
mines of Sahla in Sweden, it has fince been 
found at Buocn near Auen in Norway. 

SAL AMMONIAC. NLuriat of jimmenia, 
Salxaunes ammoniak. Germ. 

This neutral fait, confiding of muriatic acid 
and ammonia, in a date of mutual faturation, 
was not unknown to the ancients. In the time 
of . Pliny it was imported into Europe from' 
continued to be furnilhed by the 
fame country to the various States of modem 
Europe, till within the laft fifty or fixty yeats. 


^ Bcrtbolkt Elemcfit dc la Teinture. Beckmann Comment. Gottin^. vol. 3 and 4. Dulbof An. CLem. Tom. 4^. 
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It has alfo been prepared in India (probably in 
the fame manner as in Egypt) from time im- 
memorial.' Before treating of the properties of 
this lait we fliall give an account of its manu- 
fadlure, firll in Egypt, and then in the various 
countries of Europe. 

“On account of the great want of wood in 
Egypt the principal fuel of the country is com- 
pofed of the dung of camels, cows, and other 
domeftic graminivorous quadrupeds, mixed up 
with chopped draw and dried in the fun. The 
foot produced by the conibuftion of this fuel is 
the material from which fal ammoniac is pre- 
pared, by fublimation. The veflels made ufe 
of on this occafion, are very thin globular glafs 
balloons, with a fhort neck terminating in a 
mouth about i \ inch in diameter. The largcft 
balloons are about 36 inches acrofs, but they 
are of very various fi^es, being capable of con- 
taining wnen three-quarters full, from 12 to 
50 lbs. of foot. In order to fccure them as 
much as pollible from breaking during the pro- 
cefs, they are coated with a mixture of mud 
depofited by the Nile, and chopped draw* 

^ It has been affirmed by the Jefuit le Pere 
Sicard and fome others, tnat the foot is mixed 
with a certain proportion of common fait and 
camels’ urine, but this appears to be a midake; 
being abfolutcly contradi^ed by the mod accu- 
rate enquirers. From tliefe it appears that no 
other ingredient is made ufe of but foot, with 
which, moderately prefled down, the balloons 
are filled to within about four finger’s breadth 
of the neck. The veilels thus charged are ar- 
ranged, to the number of 60 or 7c, in an ob- 
long furnace of brick, and fecured with clay fo 
that their necks alone are in contact with the 
external air. The furnace is now very gra- 
dually heated by means of draw for the fird 
three or four hours, and afterwards with a mix- 
ture of draw and the common fuel of the 
country, viz. dried dung. In the courfe of fix 
or feven hours a thick fomewhat acid empyreu- 
matic fmoke begins to rife out of the balloons, 
and continues for about fifteen hours. The 
fublimation of the fal ammoniac commences 
throe or four hours before the fmoke ceafes, and 
continues from fifteen to forty hours, according 
to the fize of the balloon, without ai^y further 
care being required than to regulate the fire 
properly, and to pafs an iron rod occafibnally 
down the necks of the balloons to prevent them 
from being clogged up by the fait as it rifes. 


and thus producing an explofion. When the' 
fublimation ceafes, the fire is allowed to go out, 
and the vcfTels as foon as they are fuiliciently 
cool are removed from the furnace and broken^ 
the cake of fa] ammoniac, which occupies their 
upper part, is in the form of a very (hallow 
baton, and weighs on an average fomewhat 
more than of the foot employed; it has ge- 
nerally a ycllowilli white tinge and is apt to be 
fouled with a little charcoal, efpccialiy if the 
heat has been too great. 

The proportion of fait from a given quantity 
of foot is liable however to confiderable varia- 
tion: it is found that the dung of the fame 
animal affords a foot much richer in fait when 
it is fed on frefli vegetables than, on hay and 
other dry food. There is befides a great dif- 
ference in the foot from the dung of different 
animals (imilarly circumftanced as to food. ‘ 
According to Mr. Granger, the Egyptian fal 
ammoniac makers efteem the foot of cow-dung 
when the animal is fed on grafs, to be by far 
the beft, 26 lbs. of this affording no Icfs than 
6 lbs. of (alt. According, to Ha(felqui(t, how* 
ever, the foot from the dung of goats and (heep 
is in the higheft eftimation. 

In this very Ample manufa£lure, the fal am* 
moniac appears to exift ready formed in the 
foot, and the adion of the heat is confined to 
the mere reparation of the faline from the other 
ingredients. The foot itfelf is of a deep black 
colour, has very fcnfibly the tafte of fal ammo* 
niac, and when flrongly heated gives out a 
fulphureous odour. 

In Europe, where dung is employed to better 
purpofe than for fuel, the manufadure of fal 
ammoniac is a much more complicated procefs, 
efpecially when carried on in the beft and moft 
economical manner. A kind ^f intermediate 
method however is pra&ifed with fuccefs in 
fome eftabliftiments in the Netherlands, of 
which the following are the principal details.^ 

A kind of fuel capable of furnilhing fal am- 
moniac by its combullion, is firft prepared, the 
ingredients of which are 
25 parts by meafure of pulverized pit coal 
5 do. ■ of common chimney foot 

2 do. — — of clay 

To thefe is added ^a faturated folution of 
common fait in fufticient quantity to bring the 
whole to a confiftence for being moulded into 
balls. The balls arc of an oval form, and 
after being dried in the air are ready for ufe. 


^ f^mere 111 Mem. de I'Acad. des Sciences, 17SO, p- Xpl. Granger in ditta,Jt 735 r p* X 97 . Haflctqnie in Phil. Tranf. 

vol. LI. p. 504« 

« JonVn. dei Miners, m. xo, p. 3. 
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TTHc apparatus for coIleAlng the foot produced afford on an average about 5lbs ^ muriatrd 
bjr the combuition of this fuel, con fids of a ammonia. The foot from the floor of the 
brick furnace communicating by a flue 2 inches chamber is too much loaded with bitumen to 
in diameter, with a vaulted chamber, alfo of admit of the fait being extruded from it by 
brick, from the oppofitc extremity of which fimple fublimation, and the mod economical 
there pafTes out a flue of the fame diameter as way of treating it is to burn it over Tigain, by 
that already mentioned, terminating in a hori- ivhich the bitumenT is dedroyed, and the fal 
zontal gallery, at the end of which is the ammoniac mixed with the foot, rifes uninjured 
chimney. The furnace is charged with the into the chamber. 

balls above mentioned, to which is added a The method of carrying on the manufaft ure 
fomewhat variable proportion of dry bones ; and of this fait in England, though more coinpH- 
with thefe materials an inceflant fire is kept up. cated :han the above, is, we apprehend, confidc- 
for from four to fix months. At the expiration rably more economical. The following ** was 
of this time, the vaulted chamber and gallery the a£fual prafficc at a large edabiiflimcnt near 
are opened and the foot with which they are I^ondon, waich was abandoned a few years ago 
lined is feraped off from the top the fides and in conrequcnce of Glauber’s fait being fubjedfed 
floor, obferving to keep the foot from the latter to the excife. 

diflindl from the rell. The material from which tlie ammonia was 

The principal new combinations that take extrafteil was bones. 'Fhcfe were collcifod 
place in confequcnce of the cornbuftion appear in the ftreets and from dunghills, chielly by old 
to be the following : firfi, the pit-coal is refolved women. The bones having bcc-n thus procuroil, 
into gas of various kinds, into empyrcumatic were chopped into finall pieces cither hy haieheis 
oil loaded with finely divided charcoal, and into or machinery, and then b()iU?d, in order to extrac^t 
carbonated ammonia: the foot forms carbonic the greal'e or fat and maiiow rcmaiidiig in ilicm, 
acid, and alfo gives out the carbonated ammonia which was fold to the foap-boilers. '1 he boties 
which it contained : the boms afford empyreu- were then thrown into a cylindrical iron Hill, 
inatic animal oil and carbonated ammonia ; and about 3 feet in diameter, and 8 or 9 feet long, 
the common fait by the a£fion of the cl ay is de- laid horizontally over a fire-place, fo as to be 
compofed, its alkaline bafe remaining u:nted to capable of being made moderately red-hot. -At 
the earth, and its acid palling in a gafleous Rate one end of the cylinder was a mouth about 14 
into the chamber, where it meets with and de- inches in diameter, by which the bones were 
compofes the carbonated ainmoniu, forming fal introduced, and furniflicd with a cover capable 
ammoniac. Hence the contents of the foot of clofing it accurately by the help of a little 
colle£lcd in the chamber are c^onaceoiis mat- lute. From the other end of the cylinder pro- 
ter, muriat of ammonia, and empyreumatic ceeded a call iron pipe, from 6 to 8 inches 
bituminous oil; the latter of which is particu- in diameter, and 18 or 20 feet long, terminating 
larly abundant in the foot that concretes on the in one or more oblong leaden receivers, which 
floor. were kept cool by water, placed in a veflcl of 

To feparate the fal ammoniac from the other the fame materials, the bottom of which formed 
ingredients fublimation is Jiad recourfe to, and their cover, the juinflure being fecured by lute, 
is thus performed. Several egg-fliaped jars. Of thefe receivers there were commonly two to 
made of earthenware, about 2 - in lies high and each ftill, or three to two Hills. Every receiver 
16 in diameter, with a mouth 2^ inches wide, was about 12 feet long, i foot deep, an<l 14 
are fixed in a furnace, and as foon as they are inches wid:?, and the refrigeratory wliich covered 
become moderately warm are charged with it held about 4 inches in depth of water: at the 
foot, broken into fmall pieces, to within three end the moll remote from the Rill was a pipe, 
inches of their mouihsj a duly regulated heat fitted with a wooden plug for the purpofe of 
is then kept up /or 48 hours, in which time the drawing olF the condenfed liquor, and above this 
volatile oil firR rifes and palTes out into the air, was a hole through which the gas and incon- 
then the fal ammoniac fublimes and fixes itfelf denfible vapour palled off into the open air. 
to the upper part of the jars, while the earthy A fingle cliarge of each Rill yielded about 
and carbonaceous impurities remain at the 36lbs. of impure alkaline liquor, and about 
bottom : the vefrds are then broken and the 3c]bs. of black fetid oil floating upon its furface. 
cakes of fait extraffed. Fifteen pounds of foot This latter being (kimmed off, the alkali was 

* Original Communication. 
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fatu rated wth fulphuric acid, either by the ad- 
dition of tffi mother liquor from the green vitriol 
makers (confiding foi; the mofl; part of rcH ful- 
ph.it of iron) ; or (till more economically by 
means of calcined and pulverized gypfum : in 
this latter cafe after mixing the materials and 
ftirring- ihem well together, they are to be left 
at rell for fome hours, during which a double 
decompontion takes place, the fulpliat of lime 
yielding part of its acid to the ammonia, and at 
the fame time depriving this latter of its car- 
bonic acid The lolution of fulphat of ammonia 
thus produced is then mixed with common fait, 
by which another decompofition takes place, 
the alkali of the former and the acid of the latter 
uniting to form muriat of ammonia, while the 
two remaining ingredients produce by their 
combinailon fulphat of foda. 

'File liquor containing thefe two falts is then 
clarified by fubfidence and decantation, and 
transferred into oblong leaden boilers, about 9 
feet long, 3 wide, and 9 inches deep. The 
boilers are let for about f of their length on 
iron plates, heated by a fire beneath, the re- 
maining part being fupported by flat tiles de- 
fended by folid brick-work from the accefs of 
the heat. As the water evaporates the Glauber 
fait begins to cryftallize, and is fwept from time 
to time to the cool extremity of the boiler, 
whence it is fliovelled out into bafkets arranged 
over the end of the boiler, that the liquor which 
drains from the fmall granular cryftals may not 
be loft. The evaporation is continued for 
foveral hours, till as much as poflible of the 
Glauber’s fait has been feparated, and the muriat 
of ammonia begins to cryftallize on the liirface 
of the liquor in the form of feathered ftars. 
The remaining fluid is then run off into coolers, 
and depodcs little e!fe than muriat of ammonia, 
till it gets below the temperature of ye® Fahr. 
at which time the cryftals are to be removed, 
left they, lliould be mixed with Glauber’s fait, 
which now begins to be again depoflted. After 
the muriat of ammonia has been fulFered to 
drain in the balkcts, it is removed to a kind of 
oven, or even an open tiled hearth heated from, 
below, where the water of cryftallization is 
driven pfF, by which the fait becomes fpungy, 
friable, and of an alh or flate colour, interfperfed 
with fmall white (ilamcnts. 

' Tlie fait is now removed while hot into glo- 
bular glafs receivers, or more commonly glazed 
earthen jars, fitted w'ith a cover (having a hole 
of above half an inch diameter in its centre) 
futed on with a mixture of clay and horfe-dung. 

' Thefe are fet in iron pots over a llrong fire, in 


a furnace of either a circular or oval form, and 
capable of containing from fix to eighteen, fur- 
rounded with fand up to the edge of the pot, 
and alfo having about two and a naif inches of 
fand on the cover, confined by an iron ring about 
three inches deep, and two inches lefs in dia- 
meter than the cover, in order that if the luting 
fliould giveaway in any part, it may be repaired 
without fuiFering the covers (which ftiould be 
kept during the fublimation at about 320**) to 
be cooled bv the removal of a large portion of 
the fand. 'i'hefe earthen pans may be filled to 
within two inches of the top, with the dried 
fait gently prefled in, but not rammed clofe ; 
and the fire, which has been lighted fome time 
before, is now to be raifed gradually, till the 
iron pots are of a pretty ftrong red heat all 
round, being fo placed in the furnace that the 
upper part may be firft heated, the bottom refting 
on folid brick-work. During the firft impre£ 
fion of the heat a portion of the fait carrying 
with it a quantity of watery vapour not lepa- 
rated on the drying place, will efcape through 
the hole in the cover, which muft be left open 
till all the aqueous particles are exhaled : this is 
known by bringing a piece of cold fmooth iron 
plate near the hole in order to condenfe the 
lublimate, which, becoming more and more dry, 
at length attaches itfelf firmly to the plate, in 
die form of a dry femi-traniparent cruft. At 
this time the hole is to be ftopped with a bit of 
lute, more fand is to be put on the cover, and 
the heat continued till it is judged that nearly 
the whole of the muriat of ammonia is fublimed. 
The time requifite for this purpofc draends on 
the ftrudlure of the furnace, the fize of the pots, 
the brllknefs of the fire, and other circumftanccs 
only to be learnt by experience. The procefs 
fhould be ftopped before the fublimation has 
entirely ceafcil, as the heat in fome parts of the 
jar may be too great when it is nearly empty, 
and either by burning a part of the fait itfelf, or 
elevating a portion of foreign matter from which 
it can never be kept wholly free, give the cake 
a yellow tinge, and a fcorched, opake, crackled 
appearance. The fame defers are likely to 
happen, when any part of the luting having 
given way, is obliged to be repaired by wet lute, 
when the fublimation is pretty far advanced : 
confequently glafs veflels are preferable, except 
on account of the expence, as they muft always 
be broken to pieces in order to get out the cake : 
the Jars on the contrary will ferve for feveral 
fublimations, even the covers, if well glazed, 
will laft two operations. The fublimation 
being finiftied and the apparatus having become 
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fufficiently C00I9 the tops of the jm are to be 
taken off, and the cakes of fal-ammoniac that 
are found adhering to them are to be feparatedy 
and placed for a day or two in a damp atmof* 
phere» which foftens their furface a little^ and 
thus facilitates the removal of any fuperficial 
impurities. Laftly, the cakes are packed up in 
casks for fale. 

The following is a table of the proportions 
of dry carbonat of ammonia afforded by different 
fubftances : 


Horn - - - 

T 

Feathers - - 

tV 

Wool - - - 

1 

T 

Soot - - - 

TT 

Bones - - 

1 

TT 

Blood - - - 

1 

TT 

Putrid urine - 

1 

TT 


In common manufaftorks the dry carbonat 
yields rather lefs than •§- of fal-atnmoniac. In 
moil of the Scotch manufactories foot is ufed 
inftcad of boness thele latter being only to be 

i >rocured abundantly in the vicinity of a very 
arge town. 

Muriat of ammonia prepared by any of the 
above methods, poff-fles the following proper- 
ties. It has no fmell. To the tafte it is bitter, 
pungent, and urinous, and at the fame time 
cooling ; its colour, when perfeClly pure, is a 
bluiih-white : its texture when fublimed is fi- 
brous : it is tough, moderately elaftic, and fome- 
what duAile, and hence is not very eafily redu^ 
cible to powder. Its primitive cryftalHne form is 
the regular oCtohedron, but when cryildllized 
from its folution in water it is either in long 
tetrahedral pyramids or in flaky feathered crys- 
tals : when fublimed it fometimes forms rhom- 
bpidss approaching very nearly to the cube: 
the former cry ft a Is are fomewhat deliquefeent, 
but the latter, as well as every other liibliilled 
variety of this fait* are permanent in the air. 
Sp. gr. 1 . 42 . 

It is foluble in about thrice its weight of 
water at the ordinary temperature, and produces 
much cold during the fo-ution : boiling water 
takes up its own weight of this fait, part of 
which as the folution cools is depofited in beau- 
tiful feathery cryftals. 

When expofed to a dry heat fomewhat ex- 
ceeding that at which lead melts, it begins to 
rife in the form of a white vapour (without 
previoufty entering into fufion) which has a 

! peculiar odour, and attaches itfelf to cool fur- 
aces. It' is generally reprefented as under- 
going no change by this procefs, but according 
Beaume^ after repeated fublimatiaiis it begins 


to be decomplofed, a little ammonia being firft 
difeharged^ and afterwards fome muriatic acid 
gs^s* 

Muriat of ammonia is decompofable with 
abftr ^dion of its acid by the caufttc fixed alka- 
lies and by all the alkaline earths, more efpeci- 
ally if a moderate heat is applied : the ammo- 
nia is volatilized in the form of gas, and the 
acid remains behind in combination with the 
added alkali. If a carbonated inftcad of a pure 
alkali is employed, and fublimation is had re- 
courfe to, the ammonia rifes in a mild or carbo- 
nated ftate. 

Many of the metals and metallic oxyds are 
alfo capable of decompofing muriat of ammonia 
in the dry way, ammoniacal gas being difen- 
gaged, and the metal remaining behind in the 
ftate of muriat. It is a remarkable circum- 
ftance that mar.y metals when thus treated are’ 
converted into muriated oxyds, although liquid 
muriatic acid has no effetfl upon them, thus 
mercury when triturated accurately with fal- 
ammoniac and heated, difengages ammoniacal 
gas, and muriated mercury is the refult, if 
however an excefs of ammoniacal muriat is 
prefent, this cxcefs combines with the murial 
of mercury, forming the fal-alcmbroth, as we 
have mentioned under the article Mercury. 
Silver by a fimilar treatment decompofes fal 
ammoniac, and is itfelf converted into luna 
cornea. ' 

Sulphuric acid is capable of decompofing 
muriat of ammonia by'diftillation, the muriatic 
acid being volatilized and fulphat of ammonia 
temaining in the retort. Nitric acid and mu- 
riat of ammonia Te-a£l upon each other; the 
muriatic acid being liberated from its bafe by 
part of the nitric acid, while another portion 
of the fame is decompofed, and its oxygen 
paffes to the muriatic acid, thus co^ivcrting it 
into the oxymuriatic : hence the old chemifts 
were in the habit of compofing an aqua regia, 
by diflblving fal ammoniac in 'nitrous acid, for 
diflblving gold ; the occafional bad confcquenccs 
of which we have mentioned wlieii treating of 
that metal. 

The a£lion of nitre and fal ammoniac in 
{blutSrSh has not been inveftigated ; but if the 
latter fait is added to nitre in fufion a partial 
deflagration takes place, no doubt in confe- 
quence of the miltiial decompofition of th*e 
ammonia and nitric acid. 

According to Gellert a boiling hot folution 
of muriated ammonia is capable of diilblving 
vegetable refin. 

• The aAion of fulphur and fal ammoniac ou 
2 N 2 
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eicU o:j:cr !i.is been fcarcely examined into. 
l\>iC aiFirnis, that if one part of the former and 
tv/o of the latter are fublimed together, the in- 
iliinmability of the fulphur is deltroyed. 

'The water of compofition contained in fal 
ammoniac is the fame in quantity according to 
Beaumc, whether the fait is fublimed, or cryf- 
tallizcd from its aqueous folution. With this 
Mr. Kirwaji agrees, who llates the component 
parts of fal ammoniac, whether fublimed or 
cryftailized, at 

42.75 Muriatic acid 
25. Ammonia 
32.25 Water 


I 00. CO 

The ufes of fal ammoniac are confiderable. 
Befule being employed in the laboratory as the 
fubftance from which pure and carbonated am- 
monia are procured, it is ufed in fubftance by 
the dver, the refiner of gold, the copper-finith, 
and the manufadlurer of tin-plate. 

SAL AMMONIAC, NATIVE. Natur- 
licher Salmiak. JVern., 

Its colour is greenifti-white, pafling to apple- 
green, or brownifti-black. It occurs in thin 
fuperficial efflorefcences, or mafiive, or ftala£ti- 
cal, or rarely in minute imperfe£t cryftals. 
It has in general a flight vitreous luftre. Its 
frafture is fine-grained uneven. It is foft, often 
friable. It has a pungent bitter faline tafte. 
In chemical charaQcrs it agrees with the manu- 
fadlured fait. 

It is found fublimed in the crevices of volca- 
noes ; fuch as Etna, Vefuvius, the Solfatara, 
and the Lipari ifl.nuls. 

. SAL DIURETICUS. See Acetite ov 
Potash. 

SAL GEM. See Muriat of Soda Nanvc , 

SAL M ARTIS, is the green Sulphat of 
Ikon. 

SAL POLYCIIREST, is Sutphat oi Potajh 
calcined with a very final I portion of fulphur, 
formerly ufed in medicine. 

SAL PRITNELLA, is Nitrat of Potap^ 
from which the water of cryftalHzation has been 
expelled by fufion. 

SALIVA. This fluid, analyzed by Vauquelin, 
was found to confift of water holding in folution 
^ fmall quantity of mucus and muriat of foda. 

SALT. This term has been fo varioully ap- 
plied that it is fcarcely poflible to give an accu- 
rate definition of it. 'Phe general and the moft 
antient idea of a fait is, a cryltallizahlc fubftance, 
confiderably foluble in water, and highly fapid. 


but the term is at prefent applied to all the ervf- 
taliizable acids or alkalies, or eartlis, or combi- 
nations of acids with alkalies, earths, or metallic 
oxyds. Hence the common and ufeful diftinc- 
tion of the compounded falts into alkaline^ earthy^ 
and metallic. In fo doing however, and by in- 
cluding all the cryftallizable combinations of 
acids and bafes, fome compounds have got the 
name of falts which want the primary, and 
what woulci formerly have been confidered as 
efiential, qualities of folubility and fapidity, of 
which fulphat of barytes is an example, which 
is abfolutely infoluble in water and-taftelefs. It 
is ft ill however cryftallizable or found cryftal- 
lized, which appears to be an invariable cha-> 
ra£fcer of a fait. Thus this appellation was 
long dented to caibonat of magnefia, till the 
difeovery of the cryftallizable foluble carbonat 
of this earth. 

There are many triple combinations alfo of 
thefe ingredients whicn belong to the clafs of 
falts, fuch as alum, tartarized antimony, 

Salts are alfo either neutral (that is where the 
ingredients are in exa£t faturation) or with the 
acid in excefs, of which tartar is an examplCf 
or with an excefs of the bafe, as in borax. 
Thefe circumilances have been ingenioufly dif- 
tinguilhed in nomenclature by Dr. Thomfon, 
by the prefix fuper in the firft cafe, and fub in 
the latter. Thus tartar is named with propriety 
the fuper-iartrite of poUp ; borax, the fuh^horat 
of fodOf &c. 

The chemiftry of falts, taken in the moft ex- 
tended fenfc, forms by far the largeft part of 
the whole fcicnce. 

The term Salt is alfo ufed emphatically for 
common fait, or muriat of foda. 

SALT Bitter^ Purgings or Epfom. See Sul- 
phat of Magnefia. 

SAL'P Glauber^. Sec Sulphat of Soda. 

SALT of Hartshorn. See Carbonat of 
monia. 

SALT Sedative. See Boracic Acid. 

SALT of Seignette or Rochelle. See Tar- 
TRXTE of Soda and Potaflj. 

SALT of Silvias. See Acetite of Potafj^ 

SALT of Sorrel. See Oxalat of Potp^ 

SALT, Spirit of. See Muriatic Acid. 

SALT of Tartar T Sec Carbonat of 

SALT of Tf^ormnvood f Pot^j. 
SALTPETRE. See Nitrat of Potafib. 

SANDARACH. See Arsenic, Suiphuret 

eT- 

SAND-BATH. See the Appendix on Che- 
mical Apparatus. 
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SANDIVER^ is the fcum and fediment of 
the large crucibles ufed in the making of 
Glass, which fee. 

SAND. Sand, Germ. Sab/e, Fr. 

SANDSTONE. Sand/leln, Germ. Gres. Fr. 

The eflential component part of fandllone is 
quartz in rounded grains of various fizes, from 
the fmalleft that arc vidble to the naked eye to 
thofe that are about the magnitude of a muC- 
tard feed. All fandftones are (Iratified, but in 
fome beds tliere alfo occur pretty regular fif- 
fures in two dire£bions perpendicular to the 
ilratification, thus dividing the (tone into pa- 
rallelopipedal mafles. When difintegrated it 
forms Sand. 

There are feveral diftinA formations of 
fandftone, but mineralogiils are by no means 
as yet agreed with refpe£t to their number; the 
four following, however, are made out with 
tolerable accuracy. 

I. Primitive calcareous fandftone. 

Its colour is for the molt part greyiih or 
preenifh grey. It occurs in mafs. Its fra£lure 
IS fplintery ; its fragments are blunt-edged; it 
is tranflucent at the edges, is moderately hard, 
mving a few fparks when ftruck againft the 
fteel. It effervefees with acids, and when its 
calcareous cement is dilTolved out, there re- 
mains a very friable mafs of fine white fand. 
It does not appear to contain any extraneous 
minerals. It refts upon gneifs and large-grained 
granite. 

a. Ferruginous fandftone. 

The colour of this is for the moft part 
ochery red or reddifti brown, fometimes though 
rarely it is yellowiih white. Its fra£Iure is 
very coarfe fplintery; it is opake and foft, be- 
ing rcdiiced to fand by a moderate blow. It 
feldom effervefees with acids, its cement being 
almoft always iron ochre with a little clay. , It 
readily difintegrates by expofure to the wea- 
ther. It contains not unfrequently extraneous 
minerals, fuch as reddle in fmall fragments, vi- 
treous copper and other ores of tins metal, and 
very rarely galena, alfo petrified wood. In 
Thuringia it is covered with bituminous mar- 
lite. 

3. Grltftone. 

Of this there are two varieties, thecompaft 
'and fchiftofe. 

The former is of a greyifli white colour, 
fometimes fpotted or ftriped with ochre yel- 
low. Its ,fra£lure is coarfe fplintery. It very 
rarely effervefees with acids. It is harder than 
uU preceding and gives lively fparks when 
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ftruck againft the fteeU It is not readily de- 
compofed by expofure to the air. 

The fchiftofe grit differs from the preceding 
in its fra£lure which is coarfe flaty, and in 
being more eafily pulverizable. It is fome- 
times intimately mixed with clay and then 
forms the common Jlcig-Jione, in which ftate its 
crofs frafture is earthy, and it contains im- 
prcffions of (hells. 

Gritftone generally occurs in the indepen- 
dent coal-formation, and contains few extraneous 
minerals except mica which is particularly 
abundant in the fchiftofe variety. The claftic 
quartz or flexible fandftone of South America, 
appears only to be a kind of fchiftofe grit. 

4. Soft calcareous fandftone. Molafle, Ft\ 

i^he ufual colour of this is light greyifli or 
yellowifh. Its fra£Iure is coarfe fplintery, pair- 
ing into granular. It is foft, and when in the 
quarry is almoft friable, but hardens by expofure 
to the air. Its cement is calcareous. 

It occurs alternating with oolite and the other 
moft recent varieties of limeftone. 

The ufes of fandftone are very confiderable. 
It is the (lone moft commonly employed in 
architeAurc; the fchiftofe varieties arc ufed as 
fiag-ftones, and for covering houles, for which 
laft purpofe however they are inferior to llntc; 
the harder kinds of gritftone arc made into 
grindftones, and on account of their infufibility 
are employed for lining furnaces, &c. 

SAP. The fap of trees is a watery mucila- 
ginous liquid, often ftrongly faccharinc, fo as 
even to yield a large quantity of fugar, and to 
furnilh a very ftrong fermented liquor, and 
containing feveral other faline fubftances. It 
appears to vary confiderably in its conipofition, 
and to fall very far (hort of the uniformity 
which diftinguifiies the common juice of ani- 
mals. 

The mode of extrafting Sugar from the fap 
of the maple, will be mentioned under that 
article. . ^ 

Vauquelin has made an ufeful though 'in- 
compleat analyfis of the fap of feveral of the 
common trees, chiefly with a view to the faline 
and qarthy contents, and has difeovered the 
prefence of acetite of potalli in all of them, , 
which entitles the acetous acid to be ranked 
among the native acids as w'ell as being a pro- 
du£l of fermentation. 

The following is a (liort abftra£l of Vauque- 
lin^s experiments.* 

Sap of the Elm. This juice, which was col- 
tom. xxxi. 
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lefted in the fpring, has a yellowilh red colour 
and mild and mucilaginous taftej and (hews 
no excefs of acid. 

Ammonia produces an abundant yellowifli 
precipitate, rcfoluble in acids with efFervef- 
cence, and which confifts chiefly of carbonated 
lime with a little vegetable matter. Barytic 
and lime-water produce the fame. Oxalic acid 
and nitrat of (ilver give a white precipitate^ ful- 
phuric acid excites a (trong efFervefcence, and 
the gas has a powerful fmell of acetous acid. 
Oxymuriatic acid gives a yellow precipitate* 
and alcohol a flocculent one. This liquor was 
analyfed in the following way; 1039 grammes 
were heated in an open vefTel and during the 
evaporation a brown earthy matter gradually 
fell down and fixed to the fides of the vefiel. 
When nine-tenths of the liquid were wafted by 
flow evaporation the refidue was cooled, and 
the brown earth was feparatcly treated with 
muriatic acid which difiblved a portion with 
effervefcence, and left an infoluble portion, 
which when waftied and dried amounted to 
637 grammes. The muriatic folution* decom* 
poled by carbonated potafli gave 0.5 grammes 
of carbonat of lime. The evaporated liquid 
freed from the earthy depolit, itill contained 
much flocculent matter which was feparated 
by filtration and weighed when dry 43 gram- 
mes, part of which dilTolved in muriatic acid, 
and produced by precipitation .318 grammes of 
carbonat of lime, and .425 of infoluble vegeta- 
ble matter remained. The concentrated and 
filtered liquor was finally evaporated to drynefs 
and gave 9.553 grammes of a grey extraft, 
ftrongly deliquefcent* and with a pungent fa line 
taftc. Sulphuric acid added to it gave a ftrong 
fmell of radical vinegar, and a notable quantity 
of this latter acid was procured by diftilling 
the extraft with fulphuric acid. 

The author eftimates the above 1039 gram- 
mes of lap to contain .795 grammes of car- 
bonat of lime; i.c6 of vegetable matter; and 
9.24 of acetite of potaih. The latter however 
is probably given by eftimation from the quan- 
tity of acetous acid obtained by diftiilation, and 
is therefore liable to much uncertainty, and if 
the particulars of the analyfis are correftiy 
given, the carbonat of lime ought to be .818 
(.3i8-|r.5) inftead of .795. The accuracy of 
thefe numbers however is of lefs importance, as 
therq is no doubt that the varieties of foil, (ea- 
fon, climate, &c. influence much the compo- 
fition of the fap. 

Sap ^ tb§ AJb, This juice had a reddifli 
brown colour, and an aftriiigent tafte like the 


infufion of tan. With reagents it was limilar 
to the laft, except that mlphat of iron was 
blackened with this fap* atid animal je)Iy gave 
a precipitate. It contained a little acid in ex- 
cefs* a calcareous fait* gallic acid and tan, be- 
fides a vegetable extra£l^ and a flight trace of 
ammonia. The extra£fc left after evaporation 
to drynefs and calcination was found to contain 
a little alumine. 

Sap 0^ Hornbeam^ 'Fhis juice is colourlcfs and 
limpid in its natural ftate* has a foft and decid- 
ediv faccharine tafte* a fmell refembling whey*, 
ana a confiderable excefs of acid. When ex- 
poled to the air undifturbed for a length of 
time* it firft becomes milky* and throws up a 
flight down on its furface* then it parts with 
much carbonic acid* afterwards it acquires a 
vinous fmell and tafte* and at the fame time its 
acidity increafes, and it becomes limpid from 
the fubfidence of fome kind of mucilage. In 
about five or fix weeks* in the funimer time* 
this fpontaneous acidity is at its higheft* after 
which it fenfibly diminifties* a thick white mu- 
cilaginous mould forms on the furface* all taftc 
of an acid is gone* and the liquor only taftes 
mouldy. The fanfie fubftance* kept in a clofed 
bottle, remains apparently but little altered* 
except that there is fo great a generation of 
acetous acid that the liquor would make by 
itfelf a good fubftitute for vinegar in the fea- 
foning of food. 

Sap of Birch. This is a colourlefs faccharine 
acid liquor which is fermentable in its na- 
tural ftate* and its extra£I left after evapor- 
ation is equally fo. The author attempted but 
without fuccefs* to extra£k lugar from it by tlie 
ufual means. 

Though this excellent chemift has not men- 
tioned it in this place* it is probable that thefe 
faps alfo contain a quantity of malat of lime^ 
the extradfion of which is deferibed uiider that 
article. 

SAPPARE. See Ctanitb. 

SAPPHIRE, bee Corundum. 

SARDONYX. See Cualcedont. 

SASbOLlN. Is the native Boracic Acid 
of Saflb in Tul'cany* which fee. 

S AITIN SPAR. See Limestone fibrous. 

SATURATION. 

A fubftance is fuid to be faturated with ano- 
ther* cither (in the cafe of fimple folution) 
when the folvent will take up no more of the 
fubftance dillbivv’d* or (in the cafe of mutual 
chemical adlion) where the compound pro- 
duced is pcrfedlly neutralised. 
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SAUNDERS WOOD. 

There are three fpecies of wood known by 
this name^ the IVhite^ the Ytllvwy and the Red. 
Of ^efe the two former were never employed 
but in medicine^ and are now entirely difunsd. 
Xhefe two are procured from varieties of the 
fame tree, but the tree that yields the red faun- 
ders is a totally different fpecies. 

White and Tellcnv Saunders Wood. Thefe 
woods are brought over in large billets from 
feveral parts of the Eaft Indies, and are faid to 
be chiefly the produce of the ifland 'Hmor in 
the Indian Ocean, 'fhe white Saunders is of a 
pale yellowilh white hue, and almoft taftelefs. 
It is fcldom feen and requires no further notice 
in this place. 

The yellow Saunders is of a pale ycllowifli 
colour, a fragrant rofe fmell, and a bitterifh 
aromatic tafte. 'rhere is ibme doubt whether 
it is not the fame tree that yields both the white 
and yellow, according to the difference of age 
and foil. Both woods are hard and heavy. 

The yellow Saunders diftilled with water 
gives a fragrant eflential oil which thickens in 
the cold to the conflftence of a balfam. The 
watery decodion yields a bitteriffi fomewhat 
pungent exirad. 

Alcohol forms a fine yellow tinfture, which 
after the fpirit has been evaporated leaves a 
fenii-fluid fragrant vefin. 

1 his wood is fcarcely ever ufed in Europe, 
but is much valued in the Eail for its fragrant 
feent. 

Red Saunders Wood. This wood (yielded by 
the pterocarpus fancalinus) is ,alfo brought from 
tlu? Eall Indies, and comes over in round billets 
of a biackilh rod on the outfitle, but of a deep 
brighter red within and a wavy grain 1 Though 
when recent it appears to be highly fragrant, it 
is nearly without fmell or tafte in the ftate in 
which we receive it, and is fololy valuable 
for the deep red it gives out to alcohol. Water 
digefted with it has no cfFcft on the red tinge, 
and ony becomes of a pale yellow, but alcohol 
readily acquires a fine bright full-bodied red. 
'rhis tindlure yields a dark red extra£l: amount- 
ing to near a fourth of the weight of the wood. 
The fixed oils re not coloured by red Saun- 
ders; but a few of the volatile oils receive a 
red tinge. This wood is often confounded 
with Brazil wood, as tliey much refemble each 
other in appearance. They are however readily 
diftingniftied by this circumftance, that Brazil 
wood gives out its red colour to water as well 
as alccmol» but Saunders wood only to alcohol. 

r . . ■ Vol. 70 and 


This latter circumftance renders this wood 
of no ufe in general dyeing, but it U occafion- 
ally ufed for colouring fpirits, as, for example^ 
tlie red fpirit ufed for thermometers. 
SEA-WATER. 

The compofition of fea-water and the mode 
of extra£ling the fait from it are deferibed 
under the article Mubiat of S:ida. ' See alfo 
SuLPiiAT ^ Magnefia\ and Waters, Mineral. 

SEBACfC ACID, or Acid of Fat. Feti^ 
faure. Germ. 

When any kind of animal oil is fubje£Ied to 
a heat fuiheient to volatilize it, feveral new 
produfis arc formed, and among others a very 
pungent acid liquor may be colleAed by con- 
deiiiation, which has been particularly exa- 
mined by feveral chemifts, and having been 
confidered as a peculiar acid it has been termed 
the Acid of Fat or Sehacic Acid. A fimilar acid 
may alfo oe procured from fat without difti na- 
tion of the entire fat, in the way that will be 
prefently mentioned, whence this acid has 
been fuppofed to exift naturally in fat in inti- 
mate union with the oily part. The properties 
of this acid, and the produfls of the diftiliatjon 
of animal oil have been particularly noticed by 
Crcll in two very elaborate memoirs, publiflied 
in the Philofophical Tranfaflions, of whicli 
we (hall give a very (liort extradf. 

Since this period however another acid fub- 
ftance differing from the former in many eflen- 
tial particulars (efpecially in being free from 
fmell) has been difeovered by Thenard,*’ which 
he confiders as the true febacic acid, and the 
pungent acid of Crell and other chemifts, he 
alfcrts to be chiefly a modification of the ace- 
tous acid, hut as feveral objeflions might be 
raifed againft this opinion, w'^e lhall give the 
experiments of each chemift. 

Thofe .of Crcll are in a few words, the fol- 
lowing: 

A quantity of beef fuct was firft melted and 
drained to feparate all the impurities: 2 lbs. of 
this were put into a glafs retort fet in a rever- 
beratory fand-bath, and a receiver was clofely 
luted on. Heat was applied, by which the 
fuet firft melted then diftilled quietly with a 
gentle , frothing. There firft came over into 
the receiver a thin limpid oil which did not 
congeal, after which came an acid liquor^ 
mixed with a denfer and coloured oil, the 
former of which remained fluid, but the latter 
congealed in the receiver. This mixed produ^k 
continued for fixteen hours, at the end of which 
the retort was fully red-hot, and every thing 

^ An. Chim. tom. 19. 
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Toladle had diftilled over. On opening the 
receiver when cold, a mod pungent fuflbcating 
. fetid vapour exhaled, which is chara£leriftic of 
this procefs, and the receiver contained three 
fubftances, namely, a congealed oil of the 
confidence of hog’s lard, and drongly pungent, 
over which fwam two liquors perfeftly didinfl, 
the upper of which was a greenifli limpid oil, 
and the lower was a mod pungent gold coloured 
acid liquor. 'I'he retort contained about oz. 
of a fniooth glofly charcoal. The congealed 
oil dill retained much of the acid liquor, which 
was feparated by melting and waftiing Mdth hot 
w'ater. This waflied oil was fubje£led to 
feparate didillation, by which it was again 
relblved into a congealable oil, and an acid 
liquor, and the lame procefs was repeated 
fucceffivoly with each produ£l: of congealed oil 
after w;dlnng, till all the acid liquor which it 
would yield was got out. By a fucceffion of dif- 
tillations of the congealed refiduc, the quan- 
tity of it gradually diminiilicd, and at lad it 
finally difappeared^ fo that the whole 2 lbs. of 
fuet was refolved into various liquid produfbs, 
and a carbonaceous refidue. The former were 
all mixed together, and then fpontaneoufly 
feparated into two liquors, one a golden colour- 
ed acid, weighing 3 oz. 5 drams, the other a 
ycllowilh brown oil, weighing 2i| oz. The 
charcoal weighed 5 oz. 2 fcruples, which 
weights added together left a deficiency from 
the original quantity of fuet, amounting to 
I oz. 6 drs. I fcr. 

We lhall not follow this laborious chemid in 
his experiments on the oil and the charcoal, 
except to mention that the former after wadiing 
to feparate the adhering acid, yielded by didil- 
Lition in a very gentle heat with water, a limpid 
oil refcmbling that of Dippely already mentioned 
under the article Bone, 

The acid liquor which was brown, was then 
diddled per Je in a gentle heat, by which a 
ycllowifti white and reflified acid liquor was 
obtained, and a carbonaceous greafymafs remain- 
ed in the retort. This reflified liquor was then 
combined with the feveral alkaline, earthy, and 
metallic bafes, with many of which it united 
very readily, eflervefeing drongly with their 
carbonats and producing neutral ialts, fome of 
which will be prefently deferibed. 

The fame ingenious chemid fucceeded in con- 
centrating this acid by faturating the acid liquor 
with potaih, evaporating and thoroughly drying 
the fait, and then decompofing it by the ful- 
phuric acid and didillation, by which a drong 
limpid acid was obtained. 


But a$ thiff method was attended with much 
trouble and wade, the follovving mode was 
employed as an improvement in the procefs: 
a ley of caudic potaih was made with a pound 
of fait of tartar, and half a pound of quicklime, 
which was diflblved in 6 lbs. of water. A 
fourth part of this was' boiled with a pound of 
fuet, and the whole evaporated till it began to 
difFen confiderably. The remaining three fourths 
of the ley were then added, and the whole W'as 
boiled with a flow fire and condant dirring, till 
the mixture became pellucid, and when cold 
concreted into a kind of gelatinous foap. This 
was then diflblved in water and fome powdered 
alum was added, which immediately produced 
a dccompofition, the oil of the foap uniting folely 
with the aluminc into an infoluble curdy mafs. 
The addition of alum was continued till the form- 
ation of this curdy mafs had ceafed, and the li- 
quor feparated from it now contained fulphat of 
potafh, and another neutral fait of potafli, and the 
acid of fat. This was evaporated to drynefs and 
then put into a retort, to winch was added 
a third of its weight of oil of vitriol, which 
immediately^ extricated grey vapours flrongly 
impregnated with the peculiar fmell of the acid 
of fat. By applying a very moderate heat, all 
the acid of fat was expelled, unmixed with 
fulphuric acid, and it condenfed into a fuming, 
limpid, ftrong acid of fat, which when added to 
a folution of acetited lead produced a precipitate 
which was again foluble in an excefs of acetous 
acid, and therefore contained no fulphuric acid. 

When this limpid acid of fat was diflillcd in 
a retort till half the quantity had come over 
clear and colourlefs, tlie refidue now acquired 
a golden colour, and depofited brown ftreaks.- 
The limpid acid in the receiver, again diilillcd 
per fey again refolved itfelf into another limpid 
fluid which paiTed over into the receiver, and 
the refidue as before depofited thefe brown 
ftreaks. This was repeated eight times, always 
fcle£ring the clear liquid which had been diililled 
over in the previous operation, and, to the laft, 
a quantity of brown infoluble matter was left 
behind, whiKl the diftilled acid gradually loft 
its pungency, and fomewhat of ks acidity, by 
thefe fucceflive procellcs. 

There are at leaft three ways pf obtaining this 
volatile acid of fat; one is by mere diftillation of 
any animal fat, feparation of the acid liquor 
from the other produfts, and re£tification in 
the way already mentioned, and in this way no 
intermede whatever is employed. Another way 
is by decompofing an animal alkaline foap by 
alum, and diftilling the clear remaining refiduc 
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wkh fulphuric aeid; and a -thirds which indeed 
fomewhat refembles the laft^ and was employed 
byX)e Segner, previous to Crell’s eMerIments» 
is to fatiirate the diAilled acid liquor with potafli^ 
and then to decompofe it by diAillation with 
half as much fulphuric acid as tliere was carbo* 
nat of potafh employed. 

The fame acid may alfo be prepared according 
to Guyton, in the following way : mix any 
kind of animal fat with fome powdered quick- 
lime, melt the mixture in an iron pot for a time, 
and when cold, lixiviate the refidue with warm 
water, which diflTolves out the febat of lime. 
Evaporate this liquor to drynefs, by which a 
brown fait is left, which calcine in a crucible, 
then lixiviate and filter the folution, and evapo- 
rate to drynefs. Laftly, decompofe this calca- 
reous fait by fulphuric acid, and the limpid 
pungent acid of fat will rife. 

Before we proceed to deferibe the Sebats^ we 
ihall mention that peculiar acid difeovered by 
Thenard, which alone he coniiders as pure 
febacic acid. His procefs was the following: 
A large quantity of pork lard was diftilled per 
fe I the produd): was wafhed with much warm 
water and all the watery liquids were united. 
Acetited lead was then poured in, and a floc- 
culent precipitate fell down, which was colleftcd 
and dried, and confifted of febat of lead* This 
was then put into a retort with fulphuric acid 
and diftilled. The liquor in the recipient had 
no acid property^ but on the furface of the liquor 
remaining in the retort there floated a melted 
mafs refembling fat in appearance, which was 
carefully colie£led, and alter wafhing was boiled 
with water. At this heat it diflblved, and on 
cooling it depofited tender needled cryftals, 
which were decidedly acid, and whicn the 
author confiders as the pure febacic acid* To 
afeertain whether they were or were not produced 
by the fulphuric acid, fome of the (imply diftilled 
liquor of lard was treated with water, filtered 
and evaporated, and fome of the (ame cryftals 
were feparated on cooling, (hewing therefore that 
this fubftance either exifted in that (late in the 
fre(h lard, or was produced by the mere aAion 
of fire, and not by the fulphuric acid. 

This febacic acid is without fmell, has a 
nightly acid tafte, reddens litmus, melts in heat 
like greafe, and is much more foluble in hot 
water than in cold, fo that a hot folution at all 
concentrated, readily concretes by cooling. It 
is alfo foluble largely in alcohol, and cryftallizes 
in fmall needles, but by careful management 
it may be obtained in the form of broad brilliant 
plates. 

fOL. U. 


Thenard alfo aflTerts that ^ong with the fe- 
bacic acid much acetous acid is contained iif the 
diftilled liquor of. lard, and that it is this, and 
not the true febacic acid which is given out, 
when according to Segner’s method the liquor 
is faturated wim potafli, evaporated to drynefs,' 
and decompofed by fulphuric acid. In proof 
of which he aflerts that in performing the ex- 
periment, he obtained under thefc circumftances, 
an acid, which, like the acetous, produces a 
deliquefcent foliated fiilt with potafh that has 
a very pungent tafte, tliat fohns with nitrat of 
mercury a precipitate which cryftallizes in 
plates, and that gives much acetous acid when 
treated with fulphuric acid. With regard to 
the acid obtained by Crell’s fecond procefs, that 
is, by treating the fat with alkali and alum, and 
decompofing by fulphuric acid, I'hcnard aflerts 
that on repeating this procefs he obtained no 
acetous acid, but only tnuriatic^ fince it pre- 
cipitates nitrat of (ilver, and forms a cubic fait 
with foda, which fait, decompofed feparately 
by fulphuric acid, gives a penetrating acid 
vapour, which united with the nitric acid is 
capable of diflblving gold. This acid he at- 
trioutes to employing the common potafli of 
commerce, which always contains fome muriat, 
for in repeating the experiment with pure 
pota(h, he obtained no acid except a minute 
quantity of vinegar. 

Such are the experiments of this chemift, 
who is certainly worthy of the higheft confi- 
dence, and they eftablifh the fa& of there 
exifting an inodorous, not eafily volatile, and 
cryftallizable acid fubftance in tne produds of 
diftilled fat, to which the term SebacU ought 
probably to be applied. 

This acid precipitates the acetite and nitrat 
of lead, nitrat of (ilver, and acetite and nitrat 
of mercury; it faturates the alkaline bafes, and 
forms witn them foluble falts; with potafh it 
forms a fait which does not abforb moifture 
from the air, and is decompofed by the mineral 
acids ; it does not trouble barytic, lime, or 
ftrontian water. 

We cannot however admit the explanation 
given by this ingenious chemift of the nature 
of Crelrs volatile acid, to the full extent, with- 
out further experiments, though it is fufiiciently 
probable that it is a very compound liquor, 
containing a large quantity of acetous acid, 
perhaps with fome fulphureous, and intimately 
combined with a portion of animal oil. 

Every acid procured in any manner from 
animal fat is probably by the diftillation or 
by the a^ion of tne fulphuric acid^ and not 
2 0 
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merely evolved^ fince no change in the colour of 
litmus is produced by the contaA of fat^ or of 
water employed to lixiviate it. That the adion 
of heat or fujphuric acid fhould produce acetous 
acid from materials which abound in its con» 
ftituent parts, may readily be conceived, and 
the hiftory of the pyroligneous^ la£i;ic, and 
fome other acids (hews how readily the acetous 
acid undergoes particular modifications by 
which its proper chara£iers are difguifed fo as 
not calily to be dete£ied. 

However, till the nature of the pungent 
volatile acid of fat is fully cleared up, it may 
be right to give fome of the general charaflers 
of its faline combinations,* though we (hould 
hefitate to give them the term of Sebats. 

When the alkalies are faturated with this 
acid, and the mixture is evaporated to drynefs, 
redi^olved and concentrated, cryftals are form- 
ed generally in plates and not deliquefcent. 
Thcle are all decompofable by fulpburic acid, 
•and give out vapours, ftrongly fmelling of 
acetous acid, but with a peculiar pungei^cy. 
A (imilar fait is formed* with lime, but with 
magnelia and alumine no cryftals can be 
obtained. 

This acid has no action on gold or Giver, but 
diGblves the oxyd of the latter metal. It afls 
on mercury when repeatedly abftra^^ed from it, 
but diGblves the wnite carbonated oxyd with 
eafe in the cold. This fait evaporated to dry- 
nefs and heated, yields a mercurial fublimate 
in a very moderate temperature. 

Copper diGblves in this acid with eafe, and 
yields fmall deliquefeent cryftals. Iron gives 
an aftringent folution, and by evaporation leaves 
acicular cryftals, fcarcely deliquefeent. Lead, 
antimony, zinc, and tin, are diGblved with 
more or lefs eafe. 

With fome of the metallic folutions this acid 
produces fenfible eGTeds. Added to nitrated 
nlver, a reddifli grey precipitate falls down. 
With nitrated mercury a umite precipitate is 
prbduced, and even corrofive fublimate is made 
turbid by this acid. With nitrat of lead, fmall 
acicular cryftals are depofited which are readily 
foluble in water, and this latter folution is 
dccompofed by fulphiiric acid. 

It is obvious that thefe properties do not 
belong fingly cither to the acetous or to the 
muriatic acid, fo that till we have further cx- 
penments, we muft for the prefent admit 
fomething peculiar in tlie pungent diftilled acid 
4»f.fat. 

SELENITE. See Gtfsvm. 


SEMI-METAL. A name given by the old 
chemifts to the brittle unmallewle metals. See 

SEMIOPAL. See Opal. ' 

SENEGAL, Gum. See Mucilage. ^ 

SERPENTINE. Serpentine Germ. Serpen* 
tine, Broch. 

Of this nuneral there are the two following 
fubfpecies. 

I. SubJ^. Common ferpentine. 

Its colour is chieGy green of diGlerent (hades, 
from pale leek green to olive and blackKh 
pcen, it alfo occurs blood red, fcarlet red, 
light crimfon, and reddi(h brown, fometimes, 
though rarely, browni(h yellow. The colours 
are arranged in dots, clouds, veins, and ftripes, 
and are very much intermixed. It occurs in 
mafs. It is internally dull, or faintly glimmer- 
ing when mixed with foreign particles. Its 
frad^ure is fplintery pafling into fine grained 
uneven, alfo fiat conchoidal. Its fragments are 
, indeterminate, blunt-edged. It is ufually tranf- 
lucent on the edges; it is foft, eafily frangible, 
and unAuous to the touch. Sp. gr. 2.57—3.7. 

It is infufible before the blow-pipe without 
addition. It appears to admit of con(iderable 
variety in its analyfis, as appears from its exa* 
mination by Kirwan and by Bayeii. 

Kirwan. Bayen. 

Silex - - 45 — 41 

Magnefia -23 — 35 

Alumine - x8 ~ 10 

Iron - - 3 3 

Water - - 12 
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A little oxyd of chrome is alfo faid to have 
been lately found in this mineral. 

2. Sub/p. Noble ferpentine. 

Its colour is deep leek green, paG!ing into 
greenifh black. It occurs in mafs or dinemin- 
ated. It has a (light greafy ;or refinous luftre. 
Its fra^iure is conchoidal jpafiing into (plin- 
tcry. It is tranflucent, foft, unctuous to the 
touch. 

Serpentine ranks among the primitive rocks ; 
it very rarely contains beds of other minerals. 
It is not unfrequently penetrated by veins con- 
fiding of calcareous (par, granular limeftone, 
fteatite, talc, a(beft, garnet, copper, and mag- 
netic iron. 

There appear to be two diftin£I formations 
of this mineral; the moft ancient is in fmaller 
rock malfes than the other, and refts upon gra« 
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tiite or gneiu % the noble ferpentme belongs aK 
molE ^olljr to this formation. The other 
. formation is more recent^ is lefs penetrated by 
veins* and confifts of common ferpentine. 

The older ferpentine is found in Corfica* 
ItaW, and Siberia, and of uncommon beauty 
at Portfoy in Scotland. The more recent fer- 
pentine occurs in Cornwall* at Zbblitz in 
Saxony* and various other parts of Germany. 

This mineral is capable of being readily 
fafliioned in a lathe* and of receiving a very 
good polifli* on which account it is formed 
into various articles of ornament and ufe* fuch 
as vafes* chimney-pieces* &c. many of which 
are exquifitely beautiful. 

SERUM. See Blood. 

SHELL. 

* The (hells of marine animals and of all eggs 
have long been known to confift principally of 
carbonat of lime* fo that when burned mey 
afford a purer quicklime than that procured 
from mod of the common lime-ftones* and on 
the fea-coaft (hells are often cohered in quan- 
tity* and employed for making quicklime. All 
ihells therefore effervefee (tongly with acids. 

But as they are organised parts of living ani- 
mals they have fome peculiarities of texture 
dependent on the mode of their formation* and 
the earthy part of which they are compofed 
mud have been held together oy fome animal 
-cement* and not merely^ cohering by (imple ag- 
gregation. Belides this they modly contain 
lome portion of phofphat oi lime* though in 
very (mall quantity compared with the car- 
bonat* and alfo in comparifon with the quan- 
tity entering into bone* and the hard parts of 
land animals. 

Mr. Hatchett has given a ym valuable me- 
moir on the various fpecies of marine (hells* 
which is ufeful not only as a regider of chemical 
.analyfes* but as (hewing a didinAion between 
feveral large clafles of (hell and elucidating 
the mode of their formation.* 

The method of analyffs was fo fimple that it 
may be deferibed at nrd as applying - to all. 
'Ihe (hell was (ird immerfed in dilute nitric or 
fometimes in acetous acid* and a folution was 
e(Fe^ed* without heat* of all the calcareous 
part* wUch fometimes required a dige(lion of 
a few days* The acid here j diflblved both the 
carbonat and pholphat of lime if prefent* but 
would leave the cementing animal membrane* 
whidi being of the nature of condenfed albu- 
men would remain undiffblved. It would alfo 
leave untouched any animal charcoal produced 
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by previoufly roading the -lliell in a red 
for a (hort time* and charring the cementing 
gluten* which* when not adually in the date 
of denfe membrane*' would otherwife diflblve 
in the acid. To the folution pure ammonia 
was (ird added as long as it produced any 
precipitate* which in thefe circumdances was 
phofphat of lime undecompofed: The remain- 
ing clear liquor was then fully faturated with 
carbonat of ammonia* which precipitated all 
the carbonat of lime, and thus thefe two cal- 
careous falts were feparated* and their quantity 
afeertained. Sometimes however the fubdance 
when of a cellular or porous itrutlure, would 
contain fome (lime and argil* too clofely adhei^- 
ing to be feparated properly* in which cafe the 
alumine diffblved along with the calcareous 
falts would be precipitated by ammonia as well 
as the phofphat, and would oe blended with it. 
In fuch cafes the mixed precipitate was redif- 
folved in nitric acid and acetite of lead 'dropped 
in* which would feparate the phofphoric acid 
in the form of an infoluble phofphat of lead* 
and the quantity of acid* (and from this, 
that of lime united to it) could be thus eafily 
eftimated. 

There are two great clalTes of marine (hells* 
the teftaceous and the cruftaceous. The former 
are by much the mod numerous* and include 
all the marine (hell-animals that have not legs 
and the power of tranfporting themfelves from 
place to place: the cruftaceous (hells arc thofe 
of the lobfter* crab| prawn* and fuch animals 
as readily (hift their place* and who carry the 
(hell merely for prote&ion from external injury* 
and not aim* as in the teftaceous* as a place of 
refidence* 

The teftaceous Ihells again are divifible into 
two claffes* the Porcellamus and thofe coni- 
pofed of Nacrt or Mother Pearly which differ 
from each other in the quantity of connecting 
gluten or membrane* and the mode in which it 
is difpofed. 

The Porcellanous /hells are fo called becaufe 
th^y have an afpeCt Tike porcelain* with an ena- 
melled gloffy furface* are fmooth* hard* and 
fonorous* and when broken often exhibit a 
(lightly (ibrous texture. All the univalve Ihells* 
fuch* as whelks* lin^pets* cowries* and moft • of 
the beautiful convoluted fliells of tropical 
countries are of this deferiptibn. 

Thefe (hells when expofed to a red heat in a 
crucible for a quarter of an hour* crackled and 
loft the colours of their enamelled furface* but 
did not emit any apparent fmoke* nor any fmcll 
si. V9 aad 90. 
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like burned horn or cartilage. Their figure 
remained unchanged and they all became or an 
cpake vfhitCy retaining part of their original 
glofs. Thefe diflblved in acids with great ef- 
icrvefcence^ and when they had not been pre- 
vioufly roalled, the folution remained clear^ but 
after roaflitigi^ the charred gluten was left un- 
touched. Neither ammonia nor acetited lead 
difcovered any phofphat, fo that thefe (hens 
feem to confiu entirely of carbonat of lime ce« 
mented by a fmall portion of animal gluten. 

The Nacreous Shells are moftly bivalved> and 
have a fofter texture^ a greater glofs on the 
inner fide, and often (hew that iridefcent play 
of colours which is fo particularly beautiful in 
the mother of pearl. All the oyfter and mufcle 
fpecies areof this kind. When put in the fire 
they give a fenfible odour of burned horn with 
fome fmoke, and exfoliate. When the roafted 
lliells were immerfed in nitric acid *a much 
greater proportion of charcoal was left than in 
the former kind. But the moft ftriking differ- 
ence was with the unburned (hell, for when 
immerfed in the acid a violent efFervcfcence 
and rapid folution took place at firft, but dimi- 
nifhed graduallv, fo that the carbonic acid was 
only difengagcd at intervals. In two days time 
the whole of the calcareous part was difTolvcd, 
but a reticulated feries of membranous layers 
was left, the outermoft of which was the epi- 
dernfis or fkin of the natural fhell, fo that the 
who^e formed a tender mafs of membranes ftill 
retaining the form of the Ihell. Each mem- 
brane therefore has its correfponding ftratum 
of calcareous earth interpofed between it and 
the fucceeding membrane, and hence as every 
additional flratum exceeds in extent that whicn 
was previoufly formed, the (hell becomes 
ftronger and thicker in proportion as the ani- 
mal grows. Hence the vail thicknefs of fhell 
in the large full-grown oyflers that yield the 
mother of pearl. The nitric folution of thefe 
(liellsfhewed no indication of any phofphat, fo 
tJint the earth is merely carbonat of lime. 

A fecond clafs of fiiells has been ftated to be 
the Cruflaceous^ fuch as form the covering of 
the lobfier, crab, fee. Pieces of this (hell 
were immerfed in nitrous and acetous acids, in 
each -of which they diilblved with moderate 
effervefcence to a con fider able degree, but in a 
fliort time the aflion ccafed and a yellowifh 
white elallic cartilage was left, which retained 
the original form. In the acetous acid the 
colouring matter alfo remained and was folublo 
in alcohol. Thefe folutions contain both phof- 
phat and carbonat of limci and thus it is the 


prefence of phofphat of lime, though the quan- 
tity is comparatively fmall, which diilinguifhes 
the cruilaceous from all the teftaceous (hells 
whether porcellanous or of nacre. 

It may be added that pearls refemble exaflly 
in chemical compofition, ,the nacre or mother 
of pearl; and that egg-(heli bears the ftrongeft 
affinity with the porcellanous (hells* 
SIDERITE. 

Is ar name given 1^ Bergman to a fuppofed 
peculiar metallic fubltance which is the princi- 

E al caufe of tlie brittlenefs of certain kinds of 
ar iron. It has fince been difcovered to be 
phofphat of iron. 

SIENITE. SteniU Wem. 

This is one of the compound primitive rocks 
and confifts ellentially of cryftals and grains of 
hornblende imbedded in felfpar. When the 
felfpar is compa£l the mafs has a porphyritic 
charadler and is often called Sienitic porpnyry. 
Quartz and mica are occafionally found in fienite 
but in very fmall quantity; in this (late it is 
fometimes called granitelle. 

Sienite is commonly in mafs, and is rarely 
either fehiftofe or (Iratified. It fometimes con- 
tains metallic veins as at Altemberg in Saxony. 
SILEX. Kiefelerde. Germ. 

This earth is generally found in a (lony (late, 
and from its forming nearly the entire compo- 
fition of flinty it has acquired the name of (ilex 
or filiceous earth. It is found in equal or per- 
haps greater purity in rock crydal and quartz, 
and in white fand, and on the whole it is 
probably the moft abundant earth on the face 
of the globe. Moft of the ftony combinations 
of (ilex are remarkable for their hardnefs, and 
will very readily ftrike (ire with fteel. 

Silex when pure is white, and perfe£l]y void 
of tafte and fmell. It is infoluble in water, and 
is incapable of artificial cryftallization. 

It likewife contrafls but a very flight union 
with water when wetted, and is perfeClly void 
of plafticity, fo that after wetting it dries more 
fpeedily than any other earth. Its fpecific gra- 
vity as it exifts in quartz or flint is about 2.6. 

it is perfe£lly infufible by itfelf even in 
oxygen gas. 

This earth is abfolutely infoluble in every 
acid except the fluoric, unlefs in that date of 
fine divifion in which it exifts at the moment 
of its feparation from its alkaline folution by 
.acids. Its peculiar habitudes with the fluoric 
acid have been mentioned under that article. 

The fixed alkalies readily diflblve (ilex by the 
affiftance of heat, and even in the cold by long 
digeftion. ^ If flint or fand or any other fihceoua 
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earih In fine powder, be boiled with a folution 
of cauftic potafii or foda in which the alkaline 
.portion is about twice the weight of the earth, 
after the water has entirely evaporated there 
remains a white puffy mats which perfeftly 
diffolves in warm water into a clear folution. 
A fimilar folution is formed by melting the filex 
in a moderate red heat with aoout three or four 
times its weight of dry carbonated potafh or 
foda. The mixture eftervefees and fwells vio- 
lently during the fufion, owing to the efcape of 
the carbonic acid, and at laft fettles into a 
clear glafs, which is perfcftly foluble in water. 
A much fmaller quantity oi alkali, however, 
is able to diflblve this earth into a perfeft glafsi 
in a high heat, but this is not foluble in water 
unlefs the alkali is in confiderable cxcefs. This 
folution of Silicited jilkali^ or Liquor Silicum, 

it is fometimes called, has a llrong, burning, 
alkaline taft'e. When faturated with an acid it 
becomes turbid, and the earth flowly feparates 
in the form of a fpongy ilocculent precipitate. 
If this is taken out without drying, and ful- 
phuric, nitric, or muriatic acid added to it, or 
if the firft folution is at once fuperfaturated 
with the acid, the lilex is rediflblved and the 
liquor becomes clear. This is much affifted by 
large dilution with water, for the fame propor- 
tion of acid will not rediifolve the earth when 
concentrated. If this acid folution of filex is 
evaporated nearly to drynefs, the whole of the 
Clex feparates in a gelatinous form from the 
folution, and becomes as at firil equally info- 
luble in any future portion of acid, fo that it 
may be waflied and edulcorated without lofs. 
In this circumftance filex differs from alumine^ 
for the latter is again foluble in acids without 
farther preparation. Silex thus procured is 
quite white, feels dry, granular, and is per- 
fe£lly infipid. 

There is however a very intimate union be- 
tween filex and alumine when in folution 
together, as hasjj^een fully explained under the 
article Alumine. 

Silex, even when difiblved in an acid or 
alkali gives no peculiar tafle, fo that the filicited 
alkali has fimply an alkaline tafte, the fluat of 
filex an acid tafte, &c. 

Both barytes and ftrontian in«fome degree 
diflblve filex as the alkalies do, but lefs exten- 
iively. Vauquelin mixed 200 parts of ftrontian 
with 60 of filex,* heated the mixture intenfely 
for an hour in a platina crucible, and produced 
a grey, fonorous, rifty mafs, with only a flight, 
cauftic tafte. When this was boiled in water. 


fome of It difiblved, though lefs dian if it were 
pure ftrontian, and it comd hot be cryftallized. 
Saturated with* nitric acid, it gave by evapora- 
tion a copious jelly, which was pure filex. 

The fame chemift alfo mixed 150 parts of ba- 
rytes with 50 of filex, and heated them ftrongly 
for an hour in a platina crucible, 'fhe refulting 
mafs was of a pale apple green, forming in 
water a folution of the fame colour, and with 
little tafte. This fubftance was alfo entirely fo- 
luble in moft of the acids, and the folution ran 
into a jelly by evaporation, which was pure filex. 

For the effeft of alkalies on filex, fee the 
article. Gi.ass. 

SILICEOUS SCHISTUS. See Keisel- 

SCHIEFER. 

SILICITED ALKALI. See the article 

SlJLEX. 

SILK. 

This article is introduced in this place on 
account of a very peculiar fait or cryftalline 
fubftance obtained from it by the nitric ac\d. 

Silk in its natural ftate (that is, before it is 
bleached) contains a kind of yellow refinous 
matter, which gives its fine golden- colour. 
When raw filk is infufed in water, a portion of 
gummy matter is difiblved, and a light amber 
coloured liquor is produced. Pure alcohol 
extra£l;s a much deeper yellow colour, and 
makes a tinflure.that lofes none of its colour by 
long expofure to the fun, which bleaches the 
filk itfelf.* 

Nitrous acid afbs powerfully on filk in pro- 
portion to its concentration. If two drams of 
this acid are mixed with a pint of alcohol,^ and 
filk, either raw or bleached^ be immerfed in it, 
and kept in digeftion in a moderate warmth for 
twenty-four hours, the filk becomes of a -dull 
yellowifli brown, which after rinfing and wafli- 
ing with foap, and drying, turns to a fine 
golden yellow, which is very permanent. 

But when concentrated nitric acid is diftllled 
off filk, and the remaining liquor duly evapo- 
rated, much oxalic acid is obtained, and the 
refidue if evapor..ted ftill further, yields along . 
with a little remaining oxalic acid, a quantity of 
yellow granular cryftals, extremely bitter, not 
acid, and ftaining the faliva and hands of a 
very deep yellow not eafily removed. If the 
liquor is previoufly faturated with potafli and 
evaporated, another yellow filky fait feparates, > 
which detonates on coals like common nitre, 
and appears to be a triple combination of the 
former bitter fubftance with nitrat of potafh. 

The firft mentioned granular cryftals exa-- 
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’jnlned with a maehifier^ appear to he eompofied 

truncated oAohedrons. 

The above curious fubftance was difcovered 
l>y Welter^ and is by him called fie inter 
’frthciple^ and he fuppofes it to be generally 
produced by the a£lion of nitric acid on animal 
:inatter89 and is perhaps the fame fubftance 
^^hich caufes the bitternefs of bile. 

It has not been further examined. 

SILVANITE. See Tellxtrium. 

SILVER. Si/ierf Germ. Argent^ Fr. 

Silver is a metal of a pure white colour, very 
malleable, foft, fulible at a full red heat, but 
not oxydable by expofure to the air while melt- 
•od. It is foluble with eafe in nitrous acid, and 
precipitable from its folution in the form of a 
white curd by muriatic acid, or any of the 
neutral muriata. 

I. Ores of Silver ^ 

Sp. I. Native Silver. Gediegen Silber^Vt^emm 
Argent Notif Broch. 

Its colour is filvery white, but eitemally it is 
often yellowifli and browaifli, in confequence 
of being tarniihed by fulphtireous vapours. It 
occurs mailive, difleminated, in plates, in 
rounded pieces, alfo capillary, filiform, reticu* 
lated, arborefeent and cryftallized. The forms 
of its cryftals are, 

1. Tlie reralar odlohedron. 

2. The time. 

3. A folid, compofed of the two former, 
and generally reprefented as a double fix-fided 
pyramid, with truncated fummits. 

The cryftals are ufually very fmall, and 
grouped together. The furface of the cryftals 
is fmooth, that of the plates is drufy, the 
filiform and capillary varieties are commonly 
longitudinally ftriated. Its fuperficial luftre is 
metallic, varying from (hining to glimmering, 
according to the fmoothnefs or roughnefs of 
the furface. Its fraf^ure is hackly; it acquires 
a bright {hining metallic luftre by friflion. It 
is opake, foft, dufiile, flexible but not elaftic. 
Sp. gr. about 10. 

The above is the defeription of pure native 
filver, it is not unfrequently however alloyed 
with gold in various proportions; a fpecimen 
analvfed by Dr. Fordyce afforded a8 per cent, 
of tnis latter metal; in this cafe the colour ap- 
proaches to that of pale brafs, and its fpecinc 
gravity is greater than that of pure filver. 
Sometimes alfo native filver is mixed with 
.z Ixnall proportion of copper by which it 
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acquires a tinge of red, and is fenfibly harder 
than when pure. 

The moft recent of the primitive rocks are 
thofe in which native filver principally occursi 
it has been found alfo Jin ftratified mountains. 
tt occurs chiefly in veins accompanied by 
<)uartz, heavy fpar, and 'calcareous fpar, by va- 
rious other ores of filver, as well as fpathofe 
iron, arfenical pyrites and cobalt, &c. 

This ore is abundant in Peru and Mexico, 
where (olid mafles of filver have been found 
weighing 30 or 4,0 lbs. In Europe it is found 
moft plentifully in Saxony, Bohemia, and 
Swabia. The mines of Kongsberg in Norway, 
which ufed to furnilh this ore are now almoft 
entirely exhaufted. The Hungarian mines 
afford a confiderable quantity of this ore, and 
it has been recently difcovered in Cornwall. 
In Afia and Africa filver appears to be lefs 
plentiful than gold. 

Sp. 2. Silver Amalgam. For an account 
of this ore fee Mercury, ores of. 

Sp. 3. Antimonial Silver. Spifglas Silber^ 
Wern. Argent Antknonial^ Broch. 

Its colour is tin-white, approaching more or 
lefs to filver-whtte; by expomre to the air it is 
often fuperficially tarnifhed, and then exhibits 
various iridefeent colours. It occurs in mafs, 
difleminated, in kidney-fhaped malTes, or cryftal- 
lized: the forms of its cryftals are the following. 

1. The regular hexahedral prifm: fometimes 
the prifm is very Ihort fo as to become tabular; 
fometimes its lateral edges are truncated, which 
gives it a cylindrical appearance. 

2. A fomewhat oblique four-fided prifm, 
which is often nearly cubical. 

The cryftals are fmall and very final I; the 
prifms are longitudinally ftriated, but all the 
other faces are fmooth. Externally it is gliften- 
ing, internally it is brilliant, with a metallic 
luftre. Its fradure is lamelhr in one dire^Iion, 
but in others is flat conchoidal. It prefents 
granular concretions of various fizes. It ac- 
quires a luftre by fridlion ; is moderately hard 
and brittle. Sp. gr. 9.44— ib. 

Before the blowpipe on charcoal this mineral 
readily enters into fufion, the antimony then 
flies off in a white vapour, with its peculiar 
odour, and there remains a globule of filver 
furrounded with a brownifh flag, which colours 
glafs of borax green. 

It has been anal^ed by Selb, Klaproth, 
Vauquelin and Abich, with the following 
refults. 

Bmaerllng. Brochaot. Jamciba. Hsuy# 
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Do. 
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The fine^ained variety from Wolfach. 
The coarl^grained from Dq» 

From Andreatberg. 

From 05 . 
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It occurs in veins of calcareous- fpSr and 
heavy fpar^ accompanied by native (ilver, gale^ 
na, and occaHonally brown blende, iron pyrites, 
and grey copper. 

It is found at Wittichen and Altwolfach, in 
the territory of Eiirftenberg, at Andreafburg 
in the Hartz, and at Cafalla near Guadalcanal, 
in Spain. 

Sp. 4. Arfenical Silver. Arfenik Silber^ 
Germ. Argent Arfenical^ Broch. 

Its colour is tin-white, palling into light lead 
greyj it is fuperlicially tarnilhed yellowiHi or 
It eel grey. It occurs in mafs, dilTeminated, in 
fmall globular or kidney-lhapcd malles, or 
cryftallized : the forms of its cryllals are 

1. The regular hexahedral prifm. Some- 
times it is fomewhat comprelTed, or rounded 
on its lateral edges. 

2. An acute llx-lided pyramid with the fum« 
mlt truncated. 

Internally it is more or lefs (hining with a 
metallic luftre. Its frafture is fmall lamellar, 
either (trait or curved. The mallive varieties 
prefent fine grained diltin£t concretions % the 
globular and kidney-lhaped are compofed of 
thin curved concentric lamellse. 

It acquires a luftre by fri£tion, is rather (oft 
and brittle. 

Before the blowpipe it melts, and the arfenic 
and antimony are volatilized; there remains 
behind an impure bead of (ilver. 

A fpecimen analyfed by Klaproth confid- 


ed of 

Iron - * • - . 44*25 

Arfenic - - - - 35. 

Silver - - - - 12.75 

Antimony . * - 4. 


It occurs in veins of calcareous fpar with 
native arfenic, red and fulphuretted filver ores, 
galena, and blende. 

It is met with at Andrealberg in the Hartz, 
and Altwolfach in Swabia. 

Sp. 5. Carbonated Silver. Calciform Silver 
sir, Kirw. Lufifaures Silber^ Wid.^ 

Its colour is greyilh palling to iron black. 
It occurs in mafs or difleminated. Its luftre is 
metaUicj varying from glimmering to ihiniog. 


Its fradiure is fine-grained uneven^ pal&ng into 
earthy. It acquires a polilh by friction. Isds 
foft, not very brittle, and of a high fpecific 
gravity. 

It IS fufible with eafe before the blowpipe 
into a metallic globule. Its component parts, 
according to Selb, are 

72.5 Silver 

It. Carbonic acid 

15.5 Oxyd of antimony and a trace of copper 

100. , 

It was foundr in 1788 at Altwolfach, in a 
vein of heavy fpar, widi native and fulphuretted 
filver and grey copper. 

Sp. 6. Hornfilver. Hornerz^ Wem. Ar^ 
gent corne^ Broch. 

Of this ore there are the two following 
iubfpecies. 

1 Common Hornfilver. 

Its colour is pearl-grey, pafling on the one 
hand to milk white, and on the other to lead- 
grey and violet blue, fometimes, though rarely. 
It has an olive or leek green tinge. It occurs 
in mafs, dilleminated, fuperficial, in roundilh 
hollow balls, and cryftallized in cubes and 
acicular cryftals. The cryftals are fmall and 
very fmall, and varioufly aggregated. Exter- 
nally it is more or lefs fhining; internally it 
varies from Ihining to gliftening, and has a 
refinous luftre. Its fradure is fine-grained 
uneven, pafling into flat conchoidal. It is 
commonly tranflucent. It takes a polilh by 
fridiion. It is very foft, dufkile, and flexible 
when in thin plates. Sp. gr. 4.74 — ^4.80. 

When heated on charcoal by the blowpipe, • 
it enters into fpeedy fufion, at the fame time- 
difengaging a difagreeahle odour, and affords a 
globme of metallic filver. The mailive hornc 
filver of Saxony has been analyfed by Klaproth 
with the following refult. 

67.75 Silver 
21. Muriatic acid 

6. Oxyd of Iron 

1.75 Alumine 
0.25 Sulphuric acid 

9 ^* 7 S. 
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It occurs in veins of quartz^ calcareous fpar^ 
and heavy fpar,. accompanied bv nadve filver 
and otlier ores of the fame metals alfo by iron 
ochrey galena^ malachite^ grey copper^ and 
cobalt ochre. 

It is fometimes invlfibly difperfed through 
oompafl limeilone, forming the alkaline ore of 
Jufti, and 'which contains about 2 oz. of 
muriated (ilver in the quintal. 

Hornfllvcr occurs in conliderable abundance 
ill the Mexican and Peruvian mines : the Saxon 
and Bohemian mines^ efpccialiy thofe of Johann- 
georgeniladt, ufed to afford great quantities of 
it, and it is ftill found there, though by no 
means fo plentifully as formerly. It is alfo met 
with at Schemnitz in Hungary, Chalanches 
near AUemont in France, and rarely in Cornwall. 

2 Subjpm Earthy Horniilver. Jauttermilcherx^ 
Germ. 

Its colour is greeni(h-white» flate blue, or 
reddifli brown. It occurs in thin fuperficial 
crufts, or diffeminated. It is without luftre. 
Its fraAure is fine grained, earthy. It is very 
ibft, almoft friable; is brittle; acquires a flight 
greafy luftre by friAion; it is fomewhat unc- 
tuous to the touch. 

When expofed to the blowpipe it (lightly 
agglutinates, and minute globules of filver make 
their appearance. It confifts, according to 
Iklaproui, of 

24.64 Silver 
8.28 Muriatic acid 

67.08 Alumine with a trace of copper 


loo. 

It occurs at Andrealberg in the Hartz. 

Sp. 6. Red Silver ore. Ruby Silver* 
Rsthgultirerz^ Wern. Argent rouge^ Broch. 

Its colour is carmine red, light blood red, 
cochineal red, paifing into lead^rey, and iron 
black. It occurs in mafs, difleminated, in 
kidney-(haped pieces, in membranes and cryf- 
tallized. Its primitive cryftalline form is an 
obtufe rhomboid, the plane angles of which 
meafure io4« 28' and 75^ 32': it alfo prefents 

1. The ftraight fix^iided prifm. 

2* A fix-fided prifm, truncated by trihedral 
fummits with rhomboidal faces. 

3. The fame as the preceding with the 
lateral ed^es of the fummits truncated. 

4. The fame as var. 2 with the point of 
ihe fummit replaced by a triangular plane. 

5. The fame as var. 2 with ull the edges 
.truncated. 

6. A dodecahedron compofed of two fix* 


fided pyramids, with fcalene triangular faces 
joined bafe to bafe. 

7. The preceding, with the pyramids (greatly 
lengthened) truncated and terminated by fix- 
fided pyramids with triangular faces, or tribe* 
dral pyramids witli rhomboidal faces. 

8. Acicular prifms. 

The cryftals are fmall and very fmall, and 
often occur in drufes. Externally they are 
more or lefs brightly (hining with a luftre be- 
tween that of the diamond and femi-mCtallic. 
Internally this mineral is (hining or glimmering 
with a femi-metailic luftre. Its fraflure is 
large or fmail-grained uneven, alfo imperfeflly 
and fmall conchoidal and rarely imperf^e£Uy la- 
mellar. The fmall light coloured cryftals are 
often tranfparent, other varieties are tranflucent 
and even opake. When fcraped it affords a 
powder of a bright orange-red paifing into dull 
crimfon. It is foft, moderately brittle and 
eafily frangible. Sp. gr. about 5.6. 

When expofed to me blow-pipe it crackles 
and flies before it becomes red-hot; it then 
melts with a flight effervefcence emitting a yel- 
low vapour, and at length yielding a globule 
of filver. 

The light coloured variety has been analyfed 
by Klaproth and Vauquelin, with the following 
refults, 

Klapr. Vauq. 



56.67 Silver 
16.13 Antimony 
15.07 Sulphur 
o. Sulphuric acid 
12* 13 Oxygen 


100. 100. — 100. 


It occurs in veins with quartz, calcareous 
fpar, brown fpar, native arfenic, iron pyrites, 
galena, blende, various filver ores, and occafi- 
onally native gold. It is met with at Kremnitz 
and Felfobanya in Hungaiy, Freyberg in Sax- 
ony, Andreusberg in the Hartz, Joachknfthal 
in Bohemia, Guadalcanal in Spain, and St. 
Marie aux Mines in France. 

Sp. 7. Sulphurated filver ore. Silber 
glaferz. fVern* Glanzerz. Lens* Argent vi« 
treux. Broch* 

Its colour is deep lead-grey, paifing into 
greyifh black; on the furface it is often more 
or lefs iridefeent. It occurs in mafs, diffemin* 
ated, membranous, capillary, dendritic, cor- 
roded or cryftallized. 

1 . In double four*fided pyramids, not un- 
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frequently truncated on the edges or folid 
angles. 

a. In cubes, either perfe^ or truncated on 
the edges or folid angles. 

3. In rhomboidal dodecahedrons. 

The cryftals are generally fmall and vari- 
oufly grouped together. The furface of the 
cryftals is commonly fmooth, but fometimes 
drufy. Internally it is (hining or gliftening, 
ivith a metallic luftre. Its fraAure is fmall 
prained uneven, fometimes flat conchoidal or 
imperfeftly lamellar. It acquires a polifh by 
fric^ion^ It is foft, confiderably malleable and 
flexible. Sp. gr. 6.9 — 7.2. 

Before the blow-pipe it melts, parts by de- 
grees with its fulphur, and aflbrds a bead of 
metallic filver. When expofed to a gentle heat 
infufficient for its fufion it becomes covered 
with filaments of metallic filver, as was firft 
obferved by Schreiber. 

It has been analyfed by Klaproth, Sage, and 
Bergman, with the following refults: 

Klapr. Sage. Berg. 

85 8+ — 75 

15 — 16 — 25 

100 100 100 

It occurs in veins with quartz, calcareous 
fpar, heavy fpar, native filver, galena, iron and 
copper pyrites, and blende. 

The moft fplendid fpecimens of this mineral 
come from Mexico, confiding of groupes of 
cryftals covered with capillary native filver two 
or three inches in length; it is alfo found in 
Peru ; in the Saxon, Bohemian, Swabian, and 
Hungarian mines, at Kongsberg in Norway, 
Schlangenbcrg in Siberia, and Allemont in 
France. 

The tenacity of this mineral is fo great, that 
Auguftus, king of Poland, had feme medals 
ft ruck of it. 

Sp. 8. Brittle fulphurated filver. Sproed- 
glaferz. ff^ern. Argent vitreux aigre. Broch. 

Its colour is iron black, pafling into fteel and 
lead grey. It occurs in mafs, difleminated, 
membranous, and often cryftallized. Its forms 
are,’ 

1. The ftrait fix-Cded prifm with plane or 
convex terminations. When the prifm is very 
Ihort a fix-fided table is produced : and when 
the prifm intervening between the convex 
fummits is fupprefled the refult is a lenticular 
cryftal. 

2. A fix-fided prifm terminated by fix-fided 
pyramids which are often deeply truncated. 

rThc tabular cryftals often interfe£l each 
VOT.. II. 


other and thus form cellular groups., Thf 
cryftals are generally very fmall ; their furface 
is fometimes fmooth, fometimes drufy, the 
prifms are ftriated longitudinally. The external 
luftre of this mineral is generally very brightly 
Ibining; internally it varies from gliftering to 
(hining, with a metallic luftre. Its fradure is 
fine grained, uneven, pafling into fmall conchoi- 
dal. It is foft, brittle, and eafily frangible. 
Sp. gr. 7.2. 

Before the blowpipe, on charcoal, it melts, 
gives -out a white vapour and affords a metallic 
globule furrounded by fcori», but tliis globule 
is not malleable except by fubfequent fufion 
with nitre and borax. Its contents, according 
to an analyfis by Klaproth, are, 

66.5 Silver 
10. Antimony 

5. Iron 
12. Sulphur 

0. 5 Copper and arfenic 

1. Earthy impurities 

95 : 

It occurs in veins accompanied by white fil- 
ver ore (into which it often pafles) ruby filver, 
galena, rarely cinnabar and gold. It is met 
with in Hungary, Tranfilvania, Saxony, Bohe- 
mia and Swabia, Norway, France, Siberia, and 
Peru, but is upon the whole confiderably rarer 
than the preceding fpccies. 

Sp. 9. Bifmuthic filver. Wifmuthifches 
filber. EmmerL Argent bifmuthifcrc. Broch* 
Its colour is a light lead grey which becomes 
deeper by expofure to the air. It occurs gene- 
rally difleminated, rarely in mafs. Internally 
it has a gliftening metallic luftre. Its fradlurc 
is fine-grained uneveti. It is foft and not very 
brittle. 

When expofed on charcoal to the blowpipe, 
metallic globules begin foon to ooze out from 
it; on the addition ojf borax the metallic parts 
colledl in one mafs, and the flux acquires an 
amber colour. The metallic button is iridef- 
cent externally, and tin white internally; it is 
alfo brittle. 

The contents of this ore, according to Klap- 
roth, are, 

33. Eead 
27. Bifmuth 
15. Silver 
4.3 Iron 
0.9 Copper 
16.3 Sulphur 

96.5 
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It is z fubftance of rare occurrence^ having 
been found only in a mine in the valley of 
Shapbach in the Black Foreft. It is accompa- 
nied by quartZ) homftonei and copper pyrites. 

Sp. lo. White filver ore. Weiflgultigerz^ 
Jf^ern. Mine d’argent blanche. Broch* 

Its colour is light lead-grey» palling fome- 
times to fteel-grey. It occurs in mafs and dif- 
fcminated. Internally it has a gliftening me- 
tallic lullre. Its fra&ure is even, palling into 
fine-grained uneven; when this latter is the 
cafe it is generally in a Hate of tranfition to the 
brittle fuTphurated filver (Sp. 8) fometimes it 
has a tendency to the fibrous texture^ and ap- 
pears to be palling into plumofe antimony. It 
gives a ihining llreak; is foftj not very brittle; 
eafily fr.ingible. Sp. gr. 5.3a. 

Before the blowpipe it in part evaporates^ 
leaving on the charcoal a filver bead furrounded 
with yellow powder. Both the light and dark 
coloured varieties have been analyfed by Klap- 
roth with the following refults: 

Light Dark 

48.06 — 41* Lead 

ao.4 — 9.25 Silver 

7.88 — 21.5 Antimony 

2.25 — ■ i*7S Iron 

12.25 ~ Sulphur 

7. •— I. Alumine 

0.25 — 0.75 Silex 

98.09 97*25 

It is procured from the mine Himmelfurft 
near Frey berg, where it occurs in veins ac- 
companied by galena, red filver, brittle ful- 
phurated filver, plumofe antimony, brown fpar, 
ai d calcareous ^ar. 

Sp. II. Grey filver ore. Graugultigerz. 

Kl^r, 

This fpecies has lately been introduced by 
Klaproth among the filver ores as differing ew 
fentially from the white filver ore with which 
it is confounded by the Hungarian miners. 
It occurs in mafs or difleminated through white 
quartz at Kremnitz in Hungary, and appears to 
be only a variety of Fahlerz or grey copper. 
It confifts, according to Klaproth, of, 

14.97 Silver 
31.36 Copper 
34.09 Antimony 
3.3 Iron 
11.5 Sulphur 
0.3 Alumine 

9552 


. Sp. Z2. Black filver ore. Schwarzgultigerx. 

Its colour, is iron-black, paflin^ into fteel- 
grey. It occurs malfive, dilTeninnated, and 
cryftallized in trihedral pyramids bevilled on 
the edges and folid angles. The cryftals are 
middle-fized andfmall.' Internally it is ihining 
with a metallic luftre. Its fradure is fmall 
conchoidal pafling into uneven. It is moderately 
hard, brittle, and eafily frangible. 

It has not been analyfed, and appears to be a 
mere variety of the preceding. 

Sp. 13. Sooty filver ore. Silberfehwarze. 
Wern, Argent noir. Broch. 

Its colour is bluifh-black pafling into lead- 
grey. It occurs in piafs, difleminated, carious, 
fuperficial or in rounded pieces. Its confidence, 
is between folid and friable. It is dull but ac- 
quirer a metallic luftre by fridlion. It ftains 
in a flight degree, is foft, and foniewhat mal*. 
leable. 

When expofed to the blowpipe it melts, 
eafily inco a flag, and by continuing the heat a 
portion is volatilized and there remains behind 
a dull looking globule of filver.. 

It has not been analyzed but is fuppofed to 
be a mixture of fulphurated and horn filver in 
a ftate of femt-decompofition. 

It occurs in veins accompanied by heavy 
fpar, native, fulphurated, and horn filver ores, 
iron ochre, malachite, and galena. It is met 
with at Schemnitz and Kremnitz in Hungary,. 
Joachimfthal in Bohemia, Freyberg in Saxony,, 
and Allemont in France. 

2. Anal^s tf Ores* 

The AJfay of thefe ores having in view merely 
to afeertain the proportion of filver which they 
contain, is generally conduced in the dry way. 
For this purpofe the ore being roafted and 
pulverized is to be mixed with litharge, in pro- 
ortion to the earthy contents of the ore, and 
aftily vitrified; the mafs thus produced being 
pulverized and mixed with black flux is to be 
tufed in a crucible with a fufficient heat; the 
confequence will be that the lead of the li- 
tharge being revived will colleft in a button at 
the bottom of the crucible, carrying with it the 
whole of the filver with fome 01 the other *me- 
tals that may happen to be prefent; this button 
together with fuch a. quantity of pure lead as 
may be requifite, is to be fubjefled to cupella** 
tion, by which all the bafe metals are fcorified, 
the 'filver remaining behind in a ftate of purity, 
or at moft only combined with the gold which 
many of the ores of filver contain in a fmall 
proportion, and which may be feparated from it 
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\tf methods which have been already defi^lbed 
when treating of that metal and ot the art of 
assATiMC. Two or more aflays of the fame ore 
mud be undertaken, and no dependence ought 
to be placed on the*^ refult except they very 
iiearly correfpond. 

The anal^ts of an ore differs from its affay in 
this, namely, that its object is to afeertain not 
one alone, but the whole of its ingredients, and 
therefore muft be undertaken in the moift way. 
For the moft numerous and beft analyfes of the 
various ores of filver we are indebted to Klap- 
roth, and as moft of thefe are models of chemical 
ikill and dexterity, we fhall relate the particulars 
of them, with fuch remarks as the fubje£k may 
require. 

I . Horfifilver, * Two hundred grains of a maf- 
five variety of this, mineral were treated with 
thrice their weight of pure nitric acid, but no 
perceptible a£lion took place, either in the cold 
or at a boiling heat, except that a little iron 
-ochre was feparated. The folution being de- 
canted and mixed with ammonia, an additional 
portion of oxyd of iron was thrown down % the 
lupetnatant liquor became opalefcent on mixture 
with murlutic acid, but no precipitate was depo- 
fited i hence it was manifeft that the muriated 
filver in the ore was not mixed with any in the 
metallic or fulphurated ftate, otherwifo it would 
have been taken up by the nitric acid and have 
afforded a precipitate with the muriatic acid. 
The infolublc part of the ore was then treated 
with twice its weight of fait of tartar, and 
yielded 133 grains of reguline filver. On this 
preliminary information the following analyfis 
was founded. 

a. Two hundred grains of the ore were mixed 
with 600 grains of cauftic potafli, and fufed in 
a glafs retort. After refrigeration, the neck of 
the retort being broken off, the fufed mas wAs 
ibftened with hot water, and every thing foluble 
in this menftruum being taken up by it, the 
liquor was obtained, clear by filtration. 

b. The infoluble portion was then digefted 
in nitric acid, by which tiic greater part of it 
was taken up. 

r. The part infoluble in nitric acid was di- 
gefted in aqua regia, and there remained undif- 
lolved a few grains of a white colour, which 
proved to be niuriat of filver, with a little of the 
earthy matrix of the ore. This muriat of filver 
afforded (probably by fufion with potafh) 2 ^s. 
of pure filver. The nitro-muriatic folution being 
decompofed by ammonia, gave 7 grains of oxyd 
of iron. 

^ ' • KUp.Anaaljt 


d. To the nitrous folution [V) was added a 
folution of common fait, and the muriated filver 
thus obtained affoicded by fufion with foda, 
} 34 i grains of pure filver. The fluid remain* 
ing after the reparation of the muriajbed filver, 
gave by faturation with ammonia 5 grains of 
oxyd of iron. 

r. The alkaline aqueous folution (a) being 
faturated with diftilled vinegar, there precipi- 
tated 3^1 grains of alumine i which being fepa- 
rated the liquor was evaporated to drynels, and 
the produft then digefted in alcohol, by which 
the acetite of potafh was taken up, leaving the 
muriated potafh behind ; which latter by folu- 
tion in water, evaporation, and cooling, yielded 
of muriated potafh. 

y*. The muriated potafo being again diflblved 
in water, there was added muriated barytes, by 
which a precipitate of about 3 grains of fulphat 
of barytes was obtained. This is confidered by 
Klaproth as indicative of i J grains of fulphated 
potafh, which reduces the amount of muriated 
potafh to 116 grains, in which the muriatic acid 
amounts to 42 grains. 

From thefe rei'ults the contents of the ore are 
dated at fer cent, 

67.75 Silver 
21. Muriatic acid 

6. Oxyd of iron 

1.75 Alumine 
0.25 Sulphuric acid 

9^-75 

The mode of analyfis here adopted appears to 
be perfefHy fatisfa^ory, but there feem to be 
a few overfights in ftating the refults. 

1. The filver is a little under-rated, its amount, 
according to procefles c. and di being 136.5 or 
68.25 per cent, 

2. There .is no notice of the oxygen, which 
forms an eilential part of muriated filver, and in 
confcquenco of this omiflion, the muriatic acid 
is probably eftimated much too high. The 
aniount of the filver may be confidered as afeer- 
tained with the moft exa£tnefs as it was aflually 
reduced to the reguline ftate. Affuming this 
therefdrc as the bafis of our calculations, and 
that 100 parts of muriated filver confift of 75.24 
filver, 8.16 oxygen, and 16.6 acid, it follows 
that 136.5 of (liver require, in order to be con- 
verted into muriat of filver, 14.72 of oxygen 
and 30.04 of acid. But 30.04 of muriatic acid, 
when faturated with potafh, would afford only 
about 84 of muriated potafh, inftead of 116^ as 
Eff. 1. p. xx6. 
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obtained by jprocefs f. It may be added, as a 
further proof of the amount of this fait being 
crroneoufly dated, that 42 grains of muriatic 
acid (contaix^d in 1 16 grains of muriated pot- 
aih) indicate 253 grains of muriated filver, which 
is impoffible, the whole amount of the ore being 
only 200 grains. It is probable therefore that 
the following correfted datement of the contents 
of this ore is nearer the truth' than that quoted 
above, viz. 

68.2 ( Silver 
7.36 Oxygen 

15.02 Muriatic acid 
6. Oxyd of iron 
1.75 Alumine 
0.5 Sulphuric acid 

98.88 

2 . Si/ver. ** This ore was analyfed by 
KJaprotli in the following manner. 

o. Five hundred grains being very finely pul- 
verizedj were digeded for feveral hours at a low 
heat, with 6 times their weight of drong nitric 
acid and water : a further quantity of water was 
then added, and the liquor was made to boil* 
The nitrous /olution being poured off, the un* 
diflblved relidue was treated with an equal 

j >ortion of acid as at fird, and managed in the 
ame manner : the whole was then thrown on 
the filter, and the infoluble matter was well 
edulcorated. 

i. The two nitrous folutions with the walh- 
ings being added together, were reduced by 
evaporation to*f of their bulk, and the remain- 
ing liquor depofited by cooling a confiderable 
quantity of greyiih-white crydals of fulphated 
filver. The nature of thefe crydals being afeer- 
tained, fome water was added to the fupernatant 
liquor, and by a gentle heat the whole was re- 
diflblved. The folution was then combined with 
muriatic acid as long as any precipitate was pro- 
duced, and by this method muriated filver was 
obtained, which, when edulcorated and dried, 
weighed 391.5 grains. 

r. The fluid horn which the above precipitate 
had been obtained, was then reduced to a fmall 
bulk by didiflation, in confequence of which it 
became turbid and depofited 1 grain more of 
muriated filver : nothing now remained in the 
liquor except fome fulphuric acid. 

//. The portion infoluble by nitric acid (a) 
weigh^ 202 grains, and was digefted in aqua 
rraia, confiiling of 5 parts muriatic acid and i 
ot nitric. After the a£tion of this mehftruum 


there remained 65 grains undiflK>lved, whi<i^ 
refidue after being duly waflied and dried, was 
expofed to a gentle heat, in confequence of 
which the fulphur burnt off, leaving Mhind 
grains of muriated filver. 

The nitro-muriatic, folution after being 
concentrated by evaporation, was poured into a 
large quantity of water, upon which a white 
precipitate fell dpwn, weighing, when dried, 
133 grains. This was oxyd of antimony, en- 
tirely unmixed with the fmalleft portion of 
arfenic. When fufed in a covered crucible 
with tartar, a button of regulxne antimony was 
produced, and this when heated on a ted before 
the bellows, was volatilized, leaving behind 0.5 
grains of filver. 

/. The refidues of tlie nitro-muriatic folution 
(e) and of the nitric folution (r), were mixed 
together and diftilled till denfe white vapours 
began to rife ; this concentrated fluid was then 
diluted with water, and muriated barytes was 
added as long as any decompofition took place. 
The fulphat of barytes thus obtained amounted 
to 194 grains. 

In tms analyfis the muriat of filver obtained 
amounted to 399 grains, which, being reduced 
to the metallic (late furniihed, together with the 
half grain of filver contained in the antimony, 
exa£lly 300 grains of pure filver, a refult which 
was confirmed by two aflays of this ore on the 
cupel, each of which yielded 30 per cent, of 
filver. 

In order to afeertain the quantity of antimony 
contained in the 132 grains of white oxyd, 100 
grains of reguline antimony were digefted in 
warm muriatic acid, to which nitric acid was 
added drop by drop, till the whole of the metal 
was diflblved. This folution being concentrated 
by evaporation and then poured into water, 
aflForded 130 grains of white oxyd. Hence the 
above 132 grains indicate 101.5 of reguline 
antimony. 

With refpe£l to the fulphuric acid which 
made its appearance in this analyfis, it is affirmed 
by Klaproth to have pre exifted, at leaft for the 
moft part, in the ore, and not to have been pror 
duced by the z&ion of the nitric acid* upon the 
fulphur, for the following reafons. In the firft 
place the quantity of nitrous gas difengaged 
during the aAion of the nitric acid on the ore 
is by no means fufiScient to account for the pro- 
dudiion of fo large a quantity of fulphuric acid. 
Secondly, fome finely pulverized red filver ore 
being digefted with ftrong muriatic acid, the 
folution was found to contain not only antimony 


* Klap. Analjt. ES. l. IS7. 
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wad ^ filver but alfo fulphuric acid. Now as fulphur. The nitric folution on the addition ^ 
muriatic acid is incapable of acidifying fulphur of muriatic acid aflbrded 70 of muriated lilver. 
it follows that rile above mentioned acid muft The alkaline folutionj which was perfe6>Jy* 
have pre-exifted in the ore. This is furriier clear and colourlef$^ gave^ when treated witn 
confirmed by an obfervation of Henkel’s that muriatic acid, 32. of anthnonial kermes: after 
the filver may be extradited from the red ore the reparation of this, the refidual liquor was 
merely by fucceflive digeftions in muriatic acid, mixed with murlat of barytes without any pre- 
which could not have happened without the cipitate being formed: hence it contained no 
prefence of fulphuric acid likewife. We {hall fulphuric acid. Indeed Klaproth himfelf at the 
return to the confideration of this queftion conclufion of his diflertation on this fubjedt, is 
prefently. difpofed to think that the fulpluiric acid, as 

The analyfis of this ore by Vauquclin^ was fuch, does not exifi in the ore, but that the 
thus conduced. whole of the fulphur is in the ftate of oxyd, 

a. 100 parts of the ore finely pulverized and by the adlion of the menftrua employed 
were treated with 400 parts of nitric acid, and in the decompofition of the ore, the whole of 
200 of water: the colour of the mineral became the oxygen unites with part of the fulphur, 
by degrees grey and then pafied into white, converting it into fulphuric acid, and leaving the 
During the wnole of this change there was remainder of the fulphur compleatly deoxyge-y 
no perceptible difengagement or nitrous gas, nated. But we do not fee how this can be 
whence it may be concluded, fays the author, the cafe: befides it is obvious that the filver at 
that the ingredients of the ore were already lead muft be in the* ftate of oxyd, fiiicc it 
fuificiently oxygenated to diflblve in nitric acid. diiR>lves in nitric acid without producing any 
After a gentle ebullition, the whol^ was nitrous gas. If it were not therefore for the 
thrown on the filter, and the infoluble portion circumftance that the ore when treated with 
after edulcoration weighed 42.06 fimpic muriatic acid gives out fulphuric acid, 

i. The infoluble portion was digefted in we {hould be difpofed to believe that the ore con- 
ftrong muriatic acid, by which its colour became tains no fulphuric acid, and that the oxygen is* 
yellow, and its amount was reduced to 14.66* combined notwith the fulphur but with the metal. 
Being then laid on a hot coal it burnt entirely 3. Sulphurated Silver. 
with a blue flame and all the other charafters The analyfis of this ore by Klaproth is very 
of fulphur. The fulphur of the ore therefore Ample. After being cut into Ihrcds, it was 
may be reckoned at 14.66 digefted with 8 times its weight of nitric acid 

c. The muriatic folution being poured into diluted with half its bulk of water. When the 

a large quantity of water, depofited a wliite a£lioti of the acid had ccafed it was poured ofF, 
flocculent precipitate of oxyd of antimony, and the infoluble refidue , being dried and 
weighing 21.25 and composed, according to weighed, was burnt on a teft: the fulphur 
Vauquelin, of 16.13 antimony, and 12.12 was thus driven off, and there remained behind, 
oxygen. a little fulphat of filver, which was then re- 

d. The nitrous folution (a) was mixed with duCed to the metallic ftate by fufion with carbo- 

muriatic acid, and furniflied 72.66 of muriated nated fotla. The nitrous folution, on the- 
filver, equivalent, according to Bergman, to addition of common fait, gave a precipitate of 
56.67 of metal. muriated filver, and nothing elfe remained in. 

In this analyfis by Vauquelin there is no the liquor except a minute portion of fulphuric 
mention made of fulphuric acid which was acid tormed no ooubt by the a£lion of the' 
found fo abundantly by Klaproth: and in order nitric acid on the fulphur of the ore. To^ 
to bring this matter more compleatly to an iffue, confirm this analyfis two affays were made in^ 
100 parts of the ore were digefted with g the dry way, and' the quantity of filver thus^ 
folution of cauftic potalh. As foon as the two obtaitipd not only correfponded precifely in each 
fubftances came into contafl:, the colour of the of them, but alfo with that procured in thor 
ore changed firft to grey, and prefently to a analyfis. 

d^p black; 66. parts remaining undiflblved. 4. Brittle Sulphurated Silver. 

Thefe were then treated with dilute nitric acid a. 100 parts of this ore when levigated^ 

at a gentle heat, upon which a difengagement were boiled in dilute nitric acid till the original 
of nitrous gas took place, and the undiflblved black colour of the. ore had changed to^ 
matter amounted only to 8. parts, and was greyiih yellow. 

* Jouta. det Mines, No. 17 . p. X. 
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t. To the nitrous folution was added a 
folution of mariated foda by which a precipitate 
bf 84.7^ grs. of muriiitod (ilver was obtained. 

c. The remaining filtered fotutioii was 
tefted with fulphat of I’oila, but no precipitation 
took place, thus fnowing the ablence of lead. 
An excefs of caullic ammonia was then added 
which threw down a grey precipitate weighing 
5 grs. This when heated exhaled a llight 
arlVnical odour, and being diflblvcd in nitric 
acid alFordcd a deep blue precipitate with 
prufiiat of potafli : thus ihowiiig it to be oxyd 
of iron with a little arfenic. 

d. The ammoiiiacal folution wliich had a light 
blue colour, was (lightly fuperl'aturated with 
fuiphuric acid, a poliflied piece ot iron being 
then inferted was tinged with copper, but in io 
fmall a quantity as not to be afeertained. 

e. The portion of the ore fa.) infoluble in 
nitric acid was digefted in nitro-inuriatic acid, 
and the part not taken up by this menftruiim 
amounted to 13 grs. of which 12 were burnt 
off on a tell, and were fulphur^ the remainder 
was (ilex. 

y*. The nitro-muriatic folution being poured 
into water depoGted 13 grs. of oxyd of anti- 
mony. 

5. fVlAte Jilver ore. 

a. 400 grs. of this being pulverized, were 
mixed with 4 oz. of ftrong nitric acid, and 2 
oz. of water. After the mendruum had 
ceafed to a£l it was poured ofF and replaced by 
20Z. of nitric acid, to which, after being di- 
gefted for fbme time, were added 8 oz. of water, 
and the whole was boiled. The undiflblvcd 
refidue after edulcoration weighed 326 grs. 

b. To the nitrous folution was added com- 
mon fait by which muriated filver was imme- 
diately precipitated, and after a few hours were 
alfo depofited cryftals of muriated lead. The 
mixed precipitate was boiled with much water, 
by which the muriated lead was diflblved, and 
the muriated filver obtained pure ; from this 
by fufion with foda were obtained 81.5 grs. of 
filver. 

c. The two folutions being mixed together, 
there was added pure ammonia to faturation, 
which threw down a light brown fediment, 
weighing 40 grains. This was reSifiblved in 
nitric acid, and by the addition firft of pru- 
fiated potaih, and then of foda, was feparated 
into 12 grs. oxyd of iron and 28 alumine. 

d. 'I he undifiblved refidue (a) was boiled 
in repeated portions of -muriatic acid, and at 
length there remained only 51 grs. which 
when ignited proved to be 49 grs. of fulphur. 


and 2 grs. of a refidue, half of which was filex 
and the other part being folu^le in muriatic 
acid, was added to the other muriatic folution. 

e. The muriatic folution was repeatedly eva- . 
porated till it ceafed to depofit cryftals. Thefe 
being colicfled, . and misled with twice their 
weight of black flux, w'ere reduced in a lined 
crucible, andalFordcd 1604 grs. of lead. '1 his 
lead when cupelled emitted a few antimonial 
vapours, and left behind of a grain of filver. 

y. 1 he muriatic folution, after the mu- 
riat of lead had been feparated, was poured 
into water and depofited a white oxyd of anti- 
mony, which being mixed with foap and black 
flux was reduced by fufion to the metallic 
(late. In this procefs however a flight portion 
of the antimony was volatilized ; what re- 
mained weighed 31.5 grs. 

6. Grey Jilver ore. 

a. 300 grs. of this were pulverized and di- 
gefted with four times their weight of nitric 
acid; when this had ceafed to a£l it was 
poured o(F and replaced by another equal 
quantity of the fame acid. The undifiblved 
portion was of a greyifli yellow colour, and 
weighed 188 grs. 

b. Uo the bright green nitric folution was 
added a folution of muriated foda, and the pre- 
cipitate thus obtained afforded by fufion with 
foda 31.5 grs. of filver. 

c. The filver being thus feparated, fulphat 
of foda was added, but without occafiorung 
any precipitate, therefore the liquor contained 
no lead. 

d. Cauftic ammonia was then added to 
fuperfaturation, upon which a browmlfh red 
fediment fell down, which when ignited weigh- 
ed 9.25 grs. By digeftion in nitric acid it 
difiblved, with the exception of 0.5 gr. of (ilex. 
Pruffiat of potafh threw down from the folution 
a deep blue precipitate, after which 1.5 gr. of 
alumine was obtained by means of foda. Hence 
the oxyd of iron amounted to 7.2 grs. 

e. The blue ammoniacal folution was now 
fuperfaturated with fuiphuric acid, and a piece 
of polifhed iron procured from it 60 urs. of 
copper. 

f. The infoluble portion (a) was boiled 
with fix times its weight of muriatic acid, 
which being poured o(F when its aflion had 
ceafed, there remained 105.5 grs. ftill un- 
difiblvcd. 

g. The muriatic folution being concentrated 
by evaporation, depofited a little muriat of 
filver, from which 0.25 gr. of metal was 
obtained. The fluid being tlien poured into 
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water afibrded 97*25 grs, of antimonlal oxyd^ 
equivalent to 75 grs. of metal. 

h» The rcfidue {f) infoluble in muriatic 
acid, weighing 105.5 grs. was ignited, and 25.25 
grs. of fulphur were thus burnt off. The re- 
maining (ilex was then fufed with four times 
its weight of black flux, and afterwards diflTolved 
in water, leaving behind it 0.75 gr. of (liver. 
Hence the amount of filex was =79.5 grs.. 

7. Bifmnthic Silver ore. 

Having previoufly afccrtained by roafting that 
this ore contained fulphur but no arfeiiic, and 
having obtained by cupellation f rom the roafted 
ore 11.16 per cent, of filver, the anaivfls was 
thus condufted. 

300 were digefted (irft with 3 oz. 
of nitric acid and 1 oz. of water, and afterwards 
with I oz. of the fame acid and ^oz. of water: 
178 gtvS. remained undiflTolved. 

The nitric folution being concentrated to 
the cryftallizing point was poured into a large 
quantity of water, a white powder was thus 
obtained which proved to be ox yd of bifmuth, 
and weighed 44.5 grs. 

c. To the filtered liquor was added muriatic 
acid as long as any turbid nefs enfued. The 
precipitate thus procured was then digefted in 
moderately ftrong nitric acid, and there remain- 
ed behind 4^>. grs. of muriated filver. 

d. The laft mentioned nitrous folution was 
poured into water and afforded 32 grs. of oxyd 
of bifmuth, which added to the other made up 
76.5 grs. equivalent to 62.2 grs. of metallic 
bifmuth. 

e. The nitro-muriatic liquor was then eva- 
porated till cryftals of muriated lead began to 
form ; fulphuric acid was ' then added, and 
evaporation was carried on till the whole be- 
came thick. The fulphat of lead thus obtained 
when waflicd and dried weighed 19 grs. 

/I ^rhe refidue of the fluid was now fuper- 
faturated with ammonia, which threw down 
oxyd of iron, which, after being rendered 
magnetic by roafting with wax in a covered 
crucible, weighed 14 grs. 

g. Into the blue ammoniacal liquor was 
placed a bar of clean iron, by which 2 grs. of 
copper were precipitated. 

h. The infoluble refidue (a) being ignited 
loft 37.5 grs. which were fulphur. 'Fhe re- 
mainder was boiled firft with 3 and after- 
wards with 1.5 oz. of muriatic acid. 1 his 
folution being evaporated to the cryftallizing 
point and then mixed with fulphuric acid, 
depofited by evaporation 89. grs. of fulphated 


lead, which added to the 19. grs. in projcefs (r) 
is equivalent to 76. grs of reguline lead. 

f. The refidue, infoluble in muriatic acid 
confifted merely of the quartzofe matrix of the 
ore, and weighed after ignition 70. grs. 

§ 3. Redu^hn of Ores. 

Although it appears from the account which 
we have given of the ores of this metal that 
many of them when pure are very rich and 
mixed with a fmall portion comparatively of 
other metals, yet the value of fiiver is fo much 
greater than that of any other, excepting gold, 
as to make it well worth while to work as filver 
ores, thofe which contain only a very minute 
quantity of this precious metal. Hence it is 
that in praflice the filver ores contain a much 
larger proportion of foreign matters than thofe 
of the inferior metals do, and will allow of 
being fubjefted with profit to much more 
expenfive procclTes than can be employed for 
the reduftion of the others. 

All the diflerent methods that are ufed may 
be arranged under two heads, namely, i. '^fhe 
method by fufion. *2. That by amalgamation. 
We ftiall begin by deferibing the moft fimple of 
the former, and proceed to the more complex.. 

ReduBion by Rufton. 

I. We have already mentioned pnder the 
article Lead, that galena, or the native fulphu- 
rct of this metal, generally contains a portion of 
filver. Not unfreqiicntly this latter ingredient 
is in fufficient plenty to make its reparation 
from tlie lead a profitable undertaking. 'Fhe 
fmalleft proportion of filver which it is worth 
while to be at the trouble of extradling cannot 
be laid down with much accuracy, depending 
as it does on the market price of filver, of lead, 
of fuel, of labour, &c. We apprehend that 
in this country it will fcarcely aiUwer with any 
lead that contains lefs than 12 oz. in the ton. 
It is obvious that the richer the lead is in filver 
the better is it able to pay for any extraordi- 
nary care in its preparation, an<l of the more 
confequence it becomes to extract from the ore 
as great a quantity of metal as pr inblc, even at 
an cxponcc which mere lead would be unable 
to fupport. 

Argentiferous galena wdien raifed from the 
mine, is g(*nerally mixed with a larger propor- 
tion of ttony matrix than comnnin jralena, be- 
caufe in confequcnc*^ of the filver which it con- 
tains it is worth the miners while to work 
much fmaller and poorer veins of ove, than 16 
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the profit was to depend on the lead alone. It 
may be further obicrved that the filver is for 
the mofi: part accompanied by antimony which 
hardens the lead and greatly deterior'tes its 
quality except this ingredient is driven ofFj 
now the only economical method of getting rid 
of it is 1)} the very fame procefs by which the 
filvcr is obtained ; thus a double advantage cn- 
fues^ the iilvrr is feparated from the lead, and 
the lead by being at the fame time deprived of 
the antimony, is rendered fofter and more mar- 
ketable. 

The proportion of filver contained in galena 
is extremely variable. The richeft that we 
have heard of was formerly dug in Brunghill 
Moor in the difirif^ of Craven in Yorkfliire ; 
it contained about 230 02. of filver per ton of 
lead. The Cardiganihire mines, near Flinlim- 
mon, in the reign of Charles I. afforded a lead 
which yielded 80 oz. per ton. The Durham 
and Weffmoreland leads, by which the North- 
umberland refineries are at prefent fupplicd„ 
yield upon the average about 17 oz. of filver 
per ton. The large refinery at Poullaouen in 
Brittany, is fupplied with lead of various quali- 
fies, the average produce of which, exceeds 39 
oz. per ton. Of the difiTerent procefTcs carried 
on at this eftabliihment, an excellent account 
has been publiihed,^ of which we fliall give an 
abridgement, noticing at the fame time, thofe 
particulars in which it is inferior to the beft 
Englifh pradlice. 

The ore, which is very largely mixed with 
ganguc, is firfl drefied by hand and afterwards 
ilamped and waflied by means of the common 
apparatus. Being' thus brought to the confifl- 
ence of fand, and containing, befides argentifer- 
ous galena, a fmall portion of blende, of iron 
pyrites and of the earthy gangue, it is delivered 
to the fmelter. The redu^lion of the ore is 
effeiffed at two procefTes} the firft, which is 
roafting, is performed in a common reverbera- 
tory. ,Here it is expofed at firft to a bright 
red heat, which however is ^adually dimi- 
niflied as the fulphur is volatilized for fear of 
bringing the mat’s to a ftate of fufion. In 
about an hour’s time the fuvface of the ore 
begins to clot, which is the fignal for turning it 
over with long fpades, in order to expofe frcfli 
furfaces to the a^ion of the heat. If this bu- 
finefs is duly performed, in about five or fix 
hours the fulphureous vapours will have nearly 
ceafed, and in confcquence, the flame playing 
on the furfacc of the ore will have changed 
from blue to reddith white, thus (hewing that 


the roafting is compleat. The fecond procefs 
commences by throwing upon the fuiface of 
the half-oxydated ore a few fpadefuls of char- 
coal, and puihing the fire vigourouflyj by this 
treatment, globules of melted lead begin to 
exude and collect in a jmafs in the cavity or 
bafon of the furnace, with the unreduced part 
floating on its furfacc. In about an hour, or 
an hour and a half, a fuflicient quantity of 
melted metal is colle£l;ed for the firft running;* 
upon which a little quicklime is thrown in, 
which coagulates the fluid fcorise, and thefe be- 
ing raked to the fide, the bafon is pierced with 
an iron bar, and difeharges the melted metal 
which it contains into a hemifpherical refervoir 
adjoining the furnace. The channel formed 
by the bar is now clofed with clay, and in 
about an hour after the firft running a fuffici- 
ent quantity of metal is collefled in the bafon 
for a fecond, which is performed exaflly in the 
fame manner as the firft. In proportion as the 
fcorix become more and more poor, a greater 
heat is required to keep them fufficiently fluid 
for the globules of reduced lead to fall readily 
through, fo that after from eight to nine run- 
nings have been taken it is not worth while, to 
expend any further quantity of fuel upon 
them ; they are accordingly removed from the 
furnace, and another charge of frefh ore is im- 
mediately thrown in. The lead after it has 
flowed from the furnace into the refervoir is 
covered with pulverized charcoal, and remains 
untouched for fome time, that the fcorise and 
other impurities may rife to its furface; when 
this has taken place, the fubftances floating on 
the metal are (kimmed off, and its furface is 
covered with fawduft and fmall chips of wood, 
to which is added, by fmall pieces at a time, 
about lb. of rofin; in the mean time the 
melted metal is ftirred about vigoroufly to 
compleat its purification; as foon as the flame 
declines, the lead is removed with iron ladles, 
and poured into moulds. A finglc charge of 
ore weighs about 26 quintals and yields about 
12 [ quintals of metal and more than 7 quintals 
of fcorire, containing 30 per cent, of metal, 
which are reduced by a fubfequent procefs in a 
blaft furnace. 

The lead being thus extraded from the ore, 
the next thing to be done is to obtain the filver 
in a feparate ftate which is diflufed through the 
whole mafs of lead ; for this purpofe cupella- 
tion muft be had recourfe to. In the article 
Ass AT we have noticed the theory of cupel !a- 
tion, and the method of performing it in the 


** Bcauaier St Gallois in Journ. des Minci, No. 93. 
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fhiaU ; we (hall here therefore only parti* 
Gularize the circumftances in which cupellation 
in the great, or refining as it is ufually denomi* 
nated, differs from the former. It is performed 
in a reverberatory furnace, the floor of which is 
horizontal, and is lined with a mixture of wood- 
afhes and fand, well beaten and formed into a 
(hallow bafon called the cupel. At one fide of 
the cupel, and forming a right angle with the 
flue by which the flame from the (ire<-place 
enters the cavity of the furnace, is an aperture, 
through which the lead flows when converted 
into litharge, and oppofite to this is another 
aperture for the admiflion of a blail of air. In 
the top of the furnace is a circular aperture, 
juft above, and correfponding in fize with the 
cupel, which may be clofed by a frame-work 
of iron filled up with bricks. 'I’he furnace be- 
ing ready the cupel is lined with hay, and 
charged with about 177 quintals of lead in bars 
or pigs, by means of the circular aperture juft 
mentioned; the cover is then put on, and the 
fir^^ is lighted. In about fix hours the lead is 
entirely melted and brought to a full-red heat, 
at which time a blaft of air is introduced by a 
metallic pipe, and fo directed as to ftrike upon 
the furface of the melted lead ; the allies of the 
hay and other impurities are alfo removed by 
means of a wooden rake thruft in at the aper- 
ture for the litharge. When the blaft has been 
in aftion for half an hour or more, the furface 
of the lead is covered with a thick cruft of 
oxyd, which being feraped off is prefently fuc- 
cceded by another, and it is not till the furface 
has been cleared five or fix times, that the true 
litharge makes its appearance. As foon as this 
takes place the temperature is raifed nearly to a 
cherry-red, and by the a6lion of the blaft, the 
litharge with a little occafional afiiftance from 
the workman is made to flow out of the fur- 
nace by the aperture already mentioned. A 
confiderable portion of lead is alfo volatilized 
by the intenfe heat, fo that the interior of the 
furnace is filled with vapours to fuch a degree, 
that none but an experienced eye can difeern 
what is going on in the cupel. In about 38 or 
40 hours after lighting the fire, the contents ®f 
tlie cupel are diminiflied to about 6 quintals, 
and the litharge which now comes over is kept 
feparate from the reft on account of a fmall 
quantity of filver which it contains. After a 
time the litharge ccafes to flow, and the furface 
of the metal in the cupel appears to be covered 
only by a thin pellicle : by degrees it becomes 
convex at the edges, the pellicle breaks up. 


and the furface of the metal appears quite 
bright. Tlie fire is now damped, the blaft is 
turned off, and an aperture in the furnace, 
which had before been ftopped with clay is 
opened to give admiflion to a tin-plate tube, 
through which a ftream of water is poured into 
the cupel in order to cool the metal rapidly, and 
thus prevent it from fpirting, which it would 
do if left to itfelf at the moment of congela- 
tion. 

The cake of metal thus procured is not how- 
ever perfcdly pure filver, and requires a fccond 
cupellation at a higher heat to free it entirely 
from the lead with which it is mixed. The 
cupel made ufe of on this occafion is a moveable 
one, and not capable of holding above 700 or 
800 oz. It is placed in a fmall reverberatory, 
and after being heated about three hours, is 
charged with filver of the firil cupellation. A 
proper working heat is kept up for about four 
or five hours after the fufion of the filver, at 
the end- of which time the refining is ufually 
compleated; the contents of the cupel are then 
difeharged into a mould, and thus formed into 
ingots. The lofs of lead by volatilization dur- 
ing the refining amounts to about 8 per cent. 

Tlie demand for litharge is very fmall xii 
comparifon to the quantity produced, the 
greater part of it therefore muft be reconverted 
into lead; for this purpofe it is returned to the 
reverberatory, and treated in the fame manner 
as the ore, by which the greater part of it is 
converted into lead of the beft quality, being 
confiderably fofter than when it has merely un- 
dergone the common reduflion. The foorix 
remaining after rcdu6tion of the ore and the 
litharge, together w'ith the old cupels, the me- 
tallic foot colleded in the chimney of the fur- 
nace, &c. are laftly treated in a common blaft 
furnace, and made to yield a confiderable por- 
tion of the lead that they contain, after which 
the refidual flag is thrown away. ' 

The praftice in the Englifli refineries differs 
from that juft deferibed in feme p.ir(iculars, 
wliich w'-e lhall proceed to notice.*^ 

The furnace refombles the common reverbe- 
ratory except that its area is perforated with a 
large oval hole for the reception of the cupel* 
The 6upcl itfelf is thus formed : fix parts of 
well-burnt bone afhes and one part of good 
fern allies are mixed together and moillencd to 
a proper confidence ; of this a quantity is 
ftrqwed to the depth of about two inches, in an 
iron frame, confining of a raifed elliptical rim 
with five broad bars rivetted to its bottom, fo as 


Sadler in Nidi. PUU. Journ. Syo. yoI. xx. p. i. 
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to occuptr nearly one-half of ite area. By arfenical cobalt> with pyriteS} wifli iron ochre^ 
means ox a wooden beater the aihes are ram- with clay^ calcareous Ipar, and other earthy 
med down very clofe^ efpecially between the minerals. Much of the filver is in extremely 
bars of the frame^ as it lies on a flat floor^ more minute grains difperfcd through the gangue fo 
aihes are then added and beaten carefully in till as to render it impoffible to leparate the ftony 
Ae frame is quite full. A cavity is then formed j 5 arts by walhing. The ore therefore after be« 
in the teft by a lharp fpadej for the purpofe of ing picked by hand is pounded dry in a (lamp- 
containing the melted metal^ and at one end of ing mill and is thus reduced to the confiftence 
the frame a femi-elliptical hole is cut quite of a coarfe fand; in this (late it is aflayed, and 
trough the aihes to form a paflTage for the contains on an average about of its weight 
litharge^ in forming whichi care mull be taken of filver. As it holds no fuperfluous quantity 
to leave a bread of fu£Bcient folidity and thick- of fulphur there is no necemty for roading it 
hefs between this hole and the cavity; two previous to fufion. On account of the refrac- 


(hallow channels are then made acrofs the bread 
through which the litharge may flow down 
the hole, and fo efcape out of the furnace. 
The ted being thus prepared is placed in the 
furnace, fo as to occupy and cover the large 
oval hole in its bottom^ and is fixed firmly 
in its place with tempered clay. A gentle fire 
is how to be lighted and gradually increafed 
till the ted is red hot and ceafes to emit deam 
from its under fide : an aperture in the furnace 
called the feeding hole, is then opened, and the 
ted is charged with melted lead, the fire is 
raifed, the blad from a pair of double bellows 
is let on, and the cupellation commences. One 
of the channels through the bread of the cupel 
is deepened from time to time, to allow a free 
paflTage for the litharge ; and frelh charges of 
melted lead are poured into the cupel, till the 
gutter is fo worn as not to allow the cupel to 
contain more than an inch in depth of metal. 
The blad is then taken o(F, the old gutter com- 
pleatly filled up with moidened afiies, and die 
bafon of the cupel replenilhed with melted 
lead : the blad being again turned on, the li- 
tharge is direfled into the channel at the other 
end of the bread, and the operation goes on as 


torintfs of the ore, it is expedient to make ufe 
of quicklime, fcorise from a preceding fufion, 
and flag from the iron forges by way of flux ; 
and in order to furnilh the proper quantity of 
lead of which the ore is naturally entirely def- 
titute, it is mingled with pulverized galena, 
with the litliarge and fcorise furntlhed by the 
refinery, and with old cupels ground to pow- 
der, in fuch proportions that the lead obtained 
by the fufion lhall contain 2 per cent, of filver, 
allowing at lead 20 per cent, of the lead to be 
lod by evaporation or combining with the fco- 
rise. The above materials being properly mixed 
together are put into a powerful blad furnace, 
with alternate charges of charcoal, and the pro- 
du£ls of the fufion are lead holding filver, a 
black compafl fulphureous femi-metallic fub- 
dance called and fcorios. The fcorise 

undergo* no further treatment, except that, a 
certain portion is referred as a flux for the next 
parcel of ore ; the matt being tolerably rich in 
filver is remelted with litharge, and the lead 
obtained carries with it nearly the whole of the 
filver, fo that it is not worth while to fufe 
again this fecond matt, although it dill contains 
a portiq^i of precious metal. The lead pro- 


at fird, till this gutter is likewife worn down, cured by thefe operations when refined yields 
and the ted contains no more than about 60 lbs. about 2 per cent, of filver; the cupellation is 


cf metal which is let out into an iron pot, and 
thus this fird part of the procefs is compleated. 
The fecond cupellation is fimilar to the former, 
and not materially different from the French 
mode except that when the filver is compleatly 
refined, it is allowed to cool gradually, indead 
of having water poured upon It, and the confe- 
quence is, that while congealing, a portion of 
nlver fpirts out, and is prcmably lod. 

2. As an example of the method of treating 
the proper ores of filver, we lhall give an ab- 
ftraA of the proceflea employed at Allemont in 
France, under the diredlion of M. Schreiber.^ 
The ores where rough are chiefly native filver, 
and the fiilphuret of filver, mixed with a little 


performed at a higher heat than uuial, which 
perhaps is rendered neceflary by the prefence 
of a little iron, the confequence of which is,' 
that the lof$ of metal by evaporation, indead of 
being about 7 or 8 per cent, amounts at lead 
to 20 per cent, and as everv pound avoirdupois 
of the lead thus volatilizea contains from 6 to 
xo grs. of filveri the lofs in this procefs is 
prodigious, and might in all probability be 
greatly diminilhed by the mixture of a much 
larger proportion of lead with the filver ore. 

3. Other filver ores befides this metal aflFord 
both lead and copper'; and as the treatment in 
this cafe is the mod co^licated, we lhall give 
a fliort (ketch of it. 'liie procefs begins by 


• det Mincf, Ne.59, P* 
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mixing together fome of the poorer kinds of 
meagre filver ore (that is, fuch as contains but 
little copper and lead, and much hard ftony 
gangue) with the pooreft pyritical ores (that is 
fuch as contain very little lilver and copper but 
much fuiphur and iron). To this is added by 
way of flux, a parcel of fcorix remaining from 
a former procefs, and containing oxvds of lead 
and copper with a fmall portion of filver. All 
thefe materials being ftrongly heated in a blaft 
funiace re-a£l on each other and enter into fu- 
fion; the Itony gangue is diilblved and the 
fluid mafs feparates into two diftin£l parts. 
The heavieft portion, and which therefore oc- 
cupies the bottom of the furnace, is called matti 
it forms about i of the whole mafs, and con- 
tains ail the lilver, by far the mater part of 
the copper, a confiderable part of the lead, to- 
gether with iron, fuiphur, and generally zinc 
and arlenic. The lighter portion and which 
fwims on the furface of the matt is a black flag 
confiding for the mod part of fuiphur, oxyd 
of iron, and earth, the lead and copper being 
in fuch fmall quantity as not to be worth the 
trouble of extraftion^ this flag therefore is 
thrown away. 

The crude matt obtained by the preceding 
operation is roaded to free it in part from the 
fuiphur and other volatile impurities, and, be- 
ing mixed with about times its weight of a 
richer fort of meagre filver ore, and about 
twice its weight of lead fcorise by way of flux, 
is again fufed* and furnilhes a rich matt (con- 
taining from 9 to lo lbs. of lead, 3 to 4. lbs. of 
copper, and 6 to 7 oz. of filver in the quintal) 
and a parcel of fcorise that dill hold a little 
lilver, and are therefore employed as flux in 
fubfequent fufions. 

This fecond or rich matt, after being roafted, ' 
is mixed with about half its weight of litharge 
and fcorise in equal proportions, and again 
fufed i the produ A of which is, i . a quantity 
of metallic lead holding from 6 to 8 oz. of filver 
in the quintal : 2. nearly an equal amount of 
copper matt, holding from 30 to 40 lbs. of 
copper, and about 4 oz. of filver in the quin- 
tal ; 3. Scorix, holding from 6 to 10 lbs. of 
lead, and about 40 grs. of filver in the quintal. 

The copper matt of the preceding operation 
after being roaded is fufed together with a 
quantity of lead and copper fcorix, and yields 
black copper, containing from 60 to 80 lbs. of 
copper, and from 5 to 10 oz. of filver in the 
quintal. 

The black copper is now melted with li- 
tliarge and fcorix, by which the filver is for 


the molt part transferred to the lead, and the 
. copper after one or two iiiore fufions is ehtiriifly 
freed bpth from lead and filver, as well as 
fuiphur, iron, and other impurities. 

The rationale of all thefe procefles is fuffici- 
ently plain. The Giver, copper, and lead being 
all much more eafily reducible tham iron, are 
brought by means ot the fuperfluous fuiphur of 
the pyrites to the date of fulphurot, while the 
fulphurized oxyd of iron brings the earthy 
matters into fufion, forming a flag that is inca- 
pable of combining with the metallic fulphu- 
rets, and through which they fall in drops on 
account of their fuperior fpecific gravity. By 
the procefles of roafting, the fuiphur, arfenic, 
zinc, &c. are driven off, and the iron being 
oxydated quits the other metals, and unites 
with the fcorix in the fubfequent fufions; while 
the lead, lilver, and copper of the fcorix, pafs 
through the vitrefied mats, and unite with the 
matt. The reparation of the filver from the 
copper is effeaed by the fuperior afllinity of the 
former with lead, alfided by the attra^lion fub- 
filling between the copper and fuiphur, which 
difpofes this latter metal to yield the filver to 
the lead more eafily than if the copper was 
pure. 

Of Eilquation. 

Silver is fometimes feparated from copper by 
Liquation or Eliquation. This is an old procels 
which appears to have fallen confiderably into 
difufe, but it requires fome notice in this place. 
When copper matt (or the black unrefined 
copper) contains filver in the proper proportion 
for this operation, it is firll melted with lead or 
litharge, or a mixture of the two, and a rcguline 
alloy is produced containing the copper, lead, 
and filver, which is call into moulds fo as to 
form round mafles or loaves. Thefe are then 
fet in a furnace on an inclined plane of iron 
with a fmall channel grooved out, and heated 
to a very moderate rednefs, during which the 
lead melts or as it were fweats out of the loaf, 
and runs down the channel, conveying with it 
the filver, and the copper is left behind as a 
red4ifli*b]ack fpongy mafs. The filvcr-holding 
lead is then worked off on a cupel in the ufual 
way, and the filver is obtained leparatc. 

This procefs is founded on the very weak 
affinity which lead has for copper, and the very 
ftrong affinity which it bears to filver, fo that at 
a moderate heat the feparaiion of the lead and 
filver from the copper is effefted eafily, but 
many circumftances mud be attended to ih 
order to perform this procefs with fuccefs. 

The firft confideration is the relative propor- 
2 0^2 . 
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ons of the three metak. The lead is pro- 
portionedL partly to the copper and partly to the 
filver. It ihould not be more than four times 
the weight of the copper, otherwife it will 
render the whole mafs lo fufible that inftead of 
the lead and (ilver alone melting out, much of 
the copper will alfo mix with it, ox if the heat 
be at all too much raifed, the whole loaf of 
liquation will melt down, and the procefs muu 
be begun again. On the other hand the lead 
Ihould not be lefs than 2-| times the copper, 
otherwife a great part of it, (and along with it 
art cf the filver) will remain in the loaf after 
eating.* 

TIic above therefore are nearly the extreme 
limits of the relative quantities of the lead and 
copper, and the exaA proportion of lead is 
determined by that of the filver contained in the 
copper, whicn mud be previoufly found by a 
fmall aiTay. 

It is found that copper which contains more 
than about three quarters of a pound of filver 
in ICO lbs. will not yield all its filver by a fingle 
procefs of eliquation, which is doubtlefs becaufe 
It will not bear alloying with fufiicient lead to 
extra£b the whole, for in thefe circumftances, 
according to Cramer, every half ounce of filver 
requires 17 lbs. (or 544 times its weight) of 
lead for its extra^ion, allowing four times as 
much lead as copper. Hence the refpeclive 
proportions of the three metals in a loaf of 
liquation would be 544 parts of lead, 136 of 
copper, and i of filver. Thefe are nearly thofe 
that are actually employed, except that a lefs 
proportion of lead is found fufiicient, being to 
die copper only as ii to 3 inftead of 12 to 3. 

The whole procefs of obtaining pure filver by 
liquation is managed in the following way ac* 
cording to the accurate account given by 
Duhamel.^ It confifts cflentially of five diffe- 
rent operations. The firft is the melting to- 
gether the lead with the filver-holding impure 
copper in due proportions, and cafting the 
mixed alloy into the proper moulds to form the 
loaves of liquation. The fecond procefs is the 
liquation^ properly fpeaking, or the melting out 
from thefe loaves by a regulated heat, the lead 
and filver, and leaving the copper. The third 
is a fecond roafting of the porous loaves in order 
to melt out a portion of lead and filver, and 
other matters which remain after the foregoing 
operation. The fourth is the working ofF the 
lead on a large cupel or teft to convert it into 
litharge, and Icmvc the filverj and the fifth is 
the further purification of the filver by a fecond 

> Crameri Doclmafia praAica: procefiut 48. 


refining with lead. Thefe two laft procefles 
have already been deferibed when ' treating of 
the other methods of refining filver. There 
are befides other operations performed on the 
copper to refine it, and on the fcorise to obtain 
all the metal that may adhere to them, but we 
ihall here only deferibe the three firft procefles. 

The fufion of the metals is performed in a 
high blaft furnace, the bottom of which is lined 
by a mixture of charcoal rammed hard and laid 
in an inclined dire^Iion fo as to convey the 
metal when melted into a feparate receptacle 
adjoining. The crude black copper is pre- 
vioufly broken into fmall piefccs wlien hot, and. 
aflayed for the proportion of filver. Either lead 
or litharge is ufed in the mixture, if the latter, 
it is mixed with charcoal to promote its reduc- 
tion. The furnace being previoufly heated for 
eight or nine hours and filled with charcoal, 
a baflcet-full of the fcorise arifing from the firft 
reduAion of the copper ore is thrown in, which 
foon melts and lines the furnace with a vitrefeent 
glazing that protc£ls its walls from the violent 
aflion of the blaft. Soon after, about 20 lbs. 
of lead are thrown on the hot coals, and with 
it about half the copper intended for one loaf 
of liquation: 30 lbs. of litharge arc thrown 
upon this, and with it a fmall baiket of charcoal 
to reduce it. The reft of the copper and 
litharge are then added, and lead over the 
whole. The heat excited by the blaft foon 
melts together thefe ingredients, reducing the 
litharge, and the whole falls down into the fmall 
well intended for the melted metal. When 
enough is collefled for a fingle loaf it is tapped, 
and the metal is poured into an iron mould 
previoufly heated, and lined w:ith a thin coating 
of clay. To withdraw the loaf from the mould, 
a ftrong iron bar bent at top is let into the hot 
metal about two inches, and when cold ferves 
as a handle to draw up the loaf, and is knocked 
away when the loaf is taken out. 

The heat required in this operation is lefa 
than that at which copper melts, fo that the 
redutlion of the litharge and mixture of the 
metals goes on very fpeedily. In a well mana- 
ged furnace, feven loaves, each of about 35olbs., 
are caft in an hour. Litharge is not abfolutely 
ncceflary, but on the whole is preferable to 
ufing lead alone as it is a powerful flux before 
reduflion, and there is always a«great quantity 
of it produced in the fubfequent refining of the 
lead and filver. In eftimating the proportion 
of the metpls, 120 lbs. of litharge are taken as 
equivalent to 100 lbs. of lead. 

^ L*Art de Liquation, Mem. dc TAcad. for 1788. 
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Thcfe proportions are nearly thofe that have 
been given above. In Gbrmany^ where the 
works are carried on on a large fcale, the loaves 
arc ufually about 350 lbs. in weight, and are 
compofed, when the copper is rich in (ilver, of 
3 parts of black copper, (75 lbs.) and 1 1 parts 
of lead, (275 lbs). In this cafe where the 
filvcr is i per cent, of the copper, the relative 
proportions of thefe metals will be about i part 
of lilver, 132 of copper, and 488 of lead. 
Where the copper is poorer, only 10 parts of 
lead are ufed to 3 of the copper. 

The next procefs is the Liquation^ and is 
performed in a furnace conftrufted for the 
purpofe, which generally holds fix loaves, fet 
on iron bars, feparated from each other by 
bricks, and having a channel beneath to convey 
the lead and filver into a feparatc bafon. The 
management of the heat in this procefs is of the 
greateft confequence. If it goes on properly, 
the lead flows out eafily, and the loaves gra- 
dually fink down and become hon^'y-combed, 
but without lofing any fenfible portion of the 
copper. If the heat is too great, particles of 
the copper are feen to flow away along with the 
lead, on which the fire muft be immediately 
damped. When no more lead flows out at this 
temperature, the loaves are taken out, and 
when cold they have a dark red colour, and 
are very crumbly. It takes about four hours to 
eliquate the fix loaves. 

Whatever care is taken in this procefs there 
always remains a little filver in the loaves, 
which however, does not amount to more than 
about half an ounce in too lbs. when well 
performed. Some of the lead alfo remains, 
together with part of the iron, arfenic, fulphur, 
and other impurities of the copper. The firft 
portion of the lead that flows out of the loaves 
is the richefi: in fiivcr, that which remains in 
the loaves is very poor, but ftill is worth ex- 
tradling, and is performed in the following way. 
When a fuliicient number of the loaves remain- 
ing after liquation are colleilcd they are ranged 
in a kind of oven fo as entirely to hll it, which 
takes about 1 50 pieces; they are then heated by 
the flame of charcoal and. green wood, drawing 
through the oven till they are moderately red- 
hot, at which time a quantity of metil and 
fcorias fweat out and drop down in the hearth,* 
confifting of a heterogeneous mafs of lead 
holding a little filver, of fcorisc, of litharge, 
arfenic, ox yd of iron and fulphur, and al.b of 
fomc copper if the heat is raifed too high. 
This mals is waflied with water, by which the 
(corise are got rid of, the filver-holding lead 


alone remains. When the droppings from the 
furnace begin to be red and compa6I, it is a 
fign that ail the heterogeneous matter is ex- 
tra£Icd, and that the copper itfelf begins to 
melt, on which* *the fire is removed. 'Fhc 
loaves are then taken out, and appear varniflied 
over with a thick viirefceiit fcoria, which, on 
dropping them into water, cracks in every 
dircAion, and is then readily knocked oflT by 
hammers, and the copper within is found con- 
fiderably pure. This procefs lafts about 30 
hours, half of which time is confumed in bring- 
ing the loaves to the proper heat. 

The fubfequent procefles of refining the 
filver-holding lead on a tell have' been already 
deferibed. 

The procefs of cHquation, though highly in- 
genious, is confidcrably cxpenfive and trouble- 
lome, and it appears to require no fnvall degree 
of (kill to condufl: it properly. To be perform- 
ed economically it is alfo ncccflliry that the 
copper Oiould hold a particular portion of filver, 
(neither more nor lefs within certain limits) that 
is from y to ^ per cent, of (iJvcr, anil hence, 
where there are quantities of copper of different 
richnefs in filver, much judgment may be 
fhewn in mixing them fo as to produce a metal 
which may be eliquated with moil profit. But 
where there arc natural or artificial alloys of 
filver and copper much richer in filver than thofe 
above mentioned, the procefs of cliquation mull 
be repeated two or tlirce times on the fame 
metal, which would be extremely expenfive and 
troublefome. 

Kedudfion by Amnlgamathn. 

This nioft ingenious method of working filver 
ores, was firft praftifed by the Spaniards in 
South America, and has fince been adopted 
with numerous and eflbntial improvements, in 
Saxony, 'Bohemia, Hungary, and fome other 
parts of Europe. We fliall proceed to dolcribe 
the moll approved modern metliod of perform- 
ing this operation. 

'I'hofe ores alone are amalgamated that comt? 
under the defeription of bard or meagre ; that 
is, which contain none, or at Icaft oifly an in- 
^nfiderable quantity, of lead or copper. It is 
of im{)ovtanne howewr, that they Ihould con- 
tain a certain proronion of Iron pyii'.es, and if 
a fulIiLiency of liiis is not naiur.iiry mingled 
with the ore, it is a very judicious pra£l 5 ce to 
add it to the drefled ore, fo that its pyrit'cnl 
contents (hall always bo brought to bear a cer- 
tain proportion, as nearly as poflible, to the filver, 
the amount of which latter muft be determined 
by a previous aflay. 
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Tiv? ore, if waflicvl, is of a fiKlicieiit degree 
of fi; eiief without having recourfe to grinding, 
but it only hand clreflcd, it muil fubfequcntly be 
reduced in a mill to the confidence of coarfe 
land, 'rhis being done, common fait mufl: be 
accurately mixed with the ore in the proportion 
of 8 or 9 /y/- ant, if iho diver in the ore amounts 
to S cz. per quintal, and from to to ta per cent. 
if the filvcr aniountvS to ^2 oz. or even more. 
'I'he i:e\t procefs is roading : for this purpofe 
about 3 quintals are fpread on the floor of a re- 
vcrb;.r;itovy furnace, and expofed to a moderate 
rod heat for four or five hours, till the cmiflion 
of vapours has almod entirely coafed, care being 
taken to turn it over two or three times during 
the roading, that every portion may be in its 
turn expofed to the a<n:ion of the fire. When 
this firll change is withdrawn, an experienced 
workman can tell by its appearance whether 
the proportion of fait has been too much or too 
little, and the necefiary corredlion is accordingly 
made by adding more fait or ore to the unroaded 
parcel. The whole of the ore being properly 
roaded. Is ground in a mill, and afterwards 
pafled through fieves, by which it is rendered 
as fine as tneal, and is then fit for the procefs 
of amalgamation, properly fpcaking. 

This is performed in an apparatus confiding 
either of a number of fmall barrels made to re- 
volve rapidly on their axes by mill-work ; or of 
a number of fixed tubs, open or covered, with 
an indrument rcfembling a chocolate mill placed 
in the centre of each, and capable of being 
turned rapidly by the fame kind of machinery 
as puts the barrels in motion. Thefe tubs or 
barrels are filled about one-third with water, 
and then a fufheient quantity of roaded ore 
and mercury, in nearly equal proportions, is 
added, to bring the whole to the confidence of 
thin mud. The machinery is now put in motion, 
anti is continued inccflantly for from thirty to 
forty-eight hours, according to the richneis of 
the ore, at w'hich period the amalgamation is 
compleated. In about a quarter of an hour 
after the mill is dopped the greater part of the 
amalgatp will have defeended to the bottom of 
the veflels, and is accordingly withdrawn, by un- 
ftopping a hole made for that purpofe. 

The earthy refiduc is then carefully waflied 
by fmall parcels at a time, and thus much 
amalgam, which from its minute date of divifion 
was un<able to fink through and mix with the 
red, is recovered. But the earth, efpecially if 
it was at fird rich in filver, dill retains a portion 

precious nictal ; it is accordingly dried, mixed 


with about 3 per rent, of fait, again roaded/ 
and at a higher heat than at fird, and 
amalgamated, by which the whole of the ^ver 
is extra£tcd. 

The amalgam, which is very, fluid, is drained 
through St clofelyrwoven bag, by which it is 
feparated into nearly pure mercurv, and a difF 
anuilgam : tliis latter is then fubjecled to didiU 
lation per defeen^um^ in an apparatus that cannot 
be deferibed without the allillaiice of plates of 
reference, and is thus feparated into filver and 
mercury. The filver however dill contains a 
little copper, from which it is freed by cupella- 
tion in the ufual way. 

The theory of the procefs of amalgamation 
appears to be this. By the roading, the fulphur 
of the filver and pyrites is for the mod part 
burnt oiF and converted into fulphureous acid, 
which acid as foon as formed, aflided alfo by 
the affinity of the filver for muriatic acid, de- 
compofes the common fait, and forms with its 
bafe either fulphat or fulphite of foda, while 
the muriatic acid combines with the filver, 
forming luna cornea. In the fubfequent sunal- 
gamation, the mercury being prefent in great 
abundance decompofes the muriat of filver, 
and is itfelf partly converted into calomel, while 
the red of the mercury combines with the re- 
duced filver into an amalgam. Hence the lofs 
of mercury which always happens in this pro- 
cefs depends on two caufes, fird, the converfion 
of a part of it into calomel (and this cannot by 
any care in manipulation be avoided) and, fe- 
condly, the divifion of a part into fuch minute 
globules, as enables it to pafs ofF unperceived in 
wafhing the earthy refidue : the proportion of 
this however depends greatly on the care and 
dexterity of the manipulation. 

We fliall clpfe this fcflion by mentioning in 
a few words a method invented by Napione, * 
of feparating filver from copper, without having 
recourfe to the more expepfive and tedious me- 
thod of eliquation. The mixed metal being 
melted, fome fulphur is to be fprinkjed over its 
furface, while an affidant dirs the whole about 
with a dick j the fulphur thus combines with 
the copper into a matt, which floats above the 
metal, and is to be removed with a pair of 
tongs, after having moidened its furface with a 
little water, in order to folidify it. A frefli 
portion of fulphur is then to be dirred in, 
and the matt thus produced is to be removed 
as before ; by repeating this a fuificient number 
of times the greater part of the copper is con- 
verted into matt, holding a little filver, while 


' Ami. <le Cbim. idi. p. 160. 
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the reiiduail copper, bv retaining moft of the 
filver that was at firlt cilfFufed through the 
whole mafsj becomes rich enough to be palled 
immediately to the refinery. The matt is to 
be ground to powder, and mixed with common 
fait and quicklime, in the proportion of I2 per 
cent, of each, and is then to roalled for lo 
hours. This being finifhed, it is to be amalga- 
mated in die manner above deferibed, and by 
three . fucceffive roaftings and amalgamations 
the whole of the filver may be extracted. 

$. 4* Ph^eal and Chemical PropertieSm 

Silver is a metal of a beautiful white colour, 
perfectly free from tafle and fmell. The colour 
is very diftinguilhable from that of every other 
metal, being a pure brilliant white, free from 
any other admixture of hue. Its fpecific gravity 
when fimply fufed in mafs is about 10.4 which 
is fomewhat increafed by hammering or la- 
mination, but lefs fo than moft other metals. 
It is a fbft metal, being eafily fcratched by 
copper. It is confiderably eJaftic, and when 
hardened by alloying, is highly fonorous, and 
even in fmall quantity mucri increafes the 
fonoroufnefs of the Alloys of Copper, as men- 
tioned under Ithat article. Silver is one of the 
moft extenfible metals that we are acquainted 
with, its du£bility is only lefs than that of gold, 
in confequence of whicn it may be beaten out 
into extremely fine leaves, and drawn out into 
wire thinner than the fineft human hair. For 
this latter purpofe however a fmall alloy of cop- 
per is found neceflary, though lefs than that of 
ftandard filver, which is one twelfth. Hence the 
filver procured from the filver and filver-gilt 
wire ufed for laces, embroidery, and other 
ornamental purpofes, bears a higher price than 
any other ufually met with. This metal is alfo 
very tenacious, fo that a wire a tenth of an inch 
diameter will fupport about 240 lbs. without 
breaking. 

Silver, when quite free from alloy, melts in 
a moderately intenfe red-white heat, fo that a 
late about the dimenfions of the thinned gafte- 
oard, will fcarcely fupport the fulleft heat of a 
very brilk fire in a common grate. When in 
^ufion, if pure, the furface is moft ftrikingly 
williant and beautiful, and like a white polilhed 
mirror, but as it congeals, it becomes of a clean 
dead white. If cooled haftily, the furface as it 
fixes (hoots up into fmall irregular projedtions 
with fome little force, fo as to difperfe a few 
particles of that pa^ of the metal ftill in fufion. 
Hence in the deliciue bufinefs of the tffay arifes 
the r precaution of cooling meked (uver very 


gradually while it is fixing. Pure filver is not 
fenfibly volatilized by being kept in a heat 
not much above its melting point for any 
length of time^ though when mixed with 
another metal which is itfelf volatile, either in 
the metallic or oxidated (late, a little of .the 
filver is then diffipated. Silver is a peyf et 
metal, tliat is, it does not oxidate by being kept 
in fufion whilft expofed to air. This' pofition 
however, though luiridently accurate for all 
pradlical purpofes, requires fome limitation i 
tor when this metal is iiitenfcly heatOtl wlili 
accefs of air, the fupport on which it (lands 
gradually becomes yellow, owing to the form- 
ation of an oxyd of (ilver. 

The fame change takes place, as was ob- 
ferved by Darcet, Macquer, and other?, on 
inclofing filver within fmall porcelain balls, and 
expofing them to a very long contlinied and 
intenfe heat, after which a lofs of filver is 
experienced, and the earthen veflcls are found 
enamelled with a ycllowifti -white vitreous 
glazing, refulting from the union of the vitriiicd 
oxyd with the earth of the porcelain, through 
whofe pores fufficient oxygen had entered to 
oxidate part of the filven The pure oxycls of 
filver are however reducible to metallic filver by 
mere heat, when not in contad with any earth 
or other fubftance with which they can vitrefy, 
fo that the permanence of the oxyd in this 
inftance is owing to its intimate union with 
the earth. Under the blow-pipe, filver, when 
intenfely heated, emits copious fumes, which 
will render brown a furface of gold expofed to 
it, and confift of the filver volatilized by the 
extreme heat. The pure oxyd cannot be 
prepared by mere heat, but is readily fur- 
ni(hed by the precipitation of the acid folutions 
by an alkali. In this ftatc it is iiifoliiblc in 
water, free from tafte, and cannot be fublimcd, 
but when heated it returns to its metallic 
(late, except the part immediately in contafl 
with any earthy matter which becomes iixqd by 
vitrefying with it. 

Silver is nearly unalterable by fimple expofure 
to air 'and moifture, fo that it is incapable of 
ruftiiig. A poliihcci furface of this metal will 
remain bright for fome time in a pure air free 
from fulphurcous and animal vapours \ by 
degrees however the metal becomes dull and 
browni(h, and itfter a while a very (light coating 
forms on its furface, which rubbing with any 
foft powder will take off, and the brightneis 
will be reftored with fcarcely any lofs of weight, 
the outer coating long proteAing the metal 
within from further change. This takes place. 
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however, much more rapidly when the Giver is 
alloyed (as in the common plate) tharj when 
pure. In general the tarnijlj of Giver is in too 
Imaii a quantity to be examined, but when this 
metal has been expofed for a very long feries of 
years to the common air of towns and inhabited 
places, the corroGon penetrates deeper, and the 
altered part will readily pe.el off!. This how- 
ever is not the pure oxyd, but the fulphuret, as 
w.is afeertained by Prouft, the properties of 
which will be afterwards deferibed, lb that we 
know of no Gmple oxyd of Giver formed fpon- 
tancoully in the air. 

Water has no cfled whatever on Giver at any 
temperature, and is not dccompofed upon it. 
Ihit when bright clean Giver is immerfed in 
commoA natural waters, particularly thofe that 
receive the refufe of animal or vegetable matter, 
in no great length of time the whole becomes 
tarniffied and &ittle, and is converted into a 
fulphuret."' 

Though Giver at no. temperature undergoes 
combuftion by Gmple conta^ of common air, 
or oxygen gas, yet it burns totally and moft 
bcautimlly in the ele£bric and efpecially the 
galvanic circles.- Silver wire or leaf applied 
to a powerful galvanic apparatus, burns moft 
readily with an exquiGte green flame, and a 
jdenfe grey fmoke. 

The fulphuric acid has no eflFe£t on Giver in 
the cold in any (late of dilution, but when the 
acid is concentrated and a boiling heat is em- 
|iloycd, effervefcence begins, an abundance of 
very pure fulphureous acid gas is given out (as 
with this acid and mercury) and the metal is 
. changed to a white pulverulent mafs, or is dif- 
fo Ived entirely into a denfe clear liquid if the 
quantity of the acid is about four times that of 
the Giver, whi^h latter ihould be added in 
imall Ihrcdsw grains. 

Tills folution is extremely ftyptic and re- 
quires an excefs of acid. By evaporation it 
furniffios’ fmall white brilliant needled cryftals.*- 

Sulphat of Giver when heated per yj*, melts 
andfwells up, and ts noi changed in a mode- 
rate heat, but, on increaGng it, blackens,* ex- 
hales fulphureous acid and oxygen, and Gnally 
returns to the pure metallic ftate. This fait 
is (lowly difcoloured by light, and turns of a 
blackifli brtfVu* None of the acids except the 
muriate alter it, but this, i jj||g|jj^tever , com- 
binatian it be, feizes upon tne whole of the 
.Giver an4 unites witli it into tliat curdy fub- 
the muriat of Giver or luiia cornea, 
whl^h will be prcfently deferibed. 

* See Wifeman and Hatchett In Phil, 'l^rant. 


With alkalies and other decompoGng fub- 
ftances the fulphat of Giver is decompofed 
nearly as the nitrat. Sulphat of Giver is alfo 
formed by adding to nitrat of Giver either ful- 
phuric acid or any alkaline or earthy* fulphat* 
The refult in either of thefe cafes is a white 
heavy precipitate of fulphat of Giver which is 
infoluble in water, but with a freih portion of 
fulphuric acid forms a folution Gmilar to that 
already deferibed. 

The precipitated oxyd of Giver diflblves more 
eaGly in fulphuric acid than the metal. 

The fulphureous acid has no a£tion on Giver 
but readily combines with its oxyd. This fo- 
lution cryftallizes fpontaneoufly in fmall pearl- 
grey brilliant grains, unaltered light.* The 
fame fait is procured (as in the former cafe) by 
adding to the nitrat of Giver either fulphureous 
acid or a fulphite of potaih or foda. i'he fulr 
phite of ammonia diffblves the oxyd of Giver, 
which it detaches* from its combination with 
the nitric acid anf (agreeably to the ufual habi- 
tudes of the ammoniacal falls) produces a triple 
ammoniaco-fulphite of Giver, which by expofure 
to the air becomes converted into a fulphat. 

The nitric acid diffblves Giver eaGly, and in 
large quantity, and is the acid conftantly em- 
ployed for this purpofe in the arts. The con- 
centrated acid Ihould be diluted with from two 
to four parts of water. Very foon after the 
Giver is immerfed in the acid a ftrong efFervef- 
cence begins, much nitrous ga^ is given out, 
whji^i forms a copious orange-coloured vapour 
as It efcapes from the vefTel, ahd the acid af- 
fumes a light blue-green colour which is inde- 
pet)dant of any copper which the Giver may 
contain, and is owing to the folution of a por- 
tion of the nitrous gas in the acid. If however 
the Giver contains copper this incrcafes the 
blucnefs, and the colour xemaiiis after the fo- 
lution is cold and faturated, which is not the 
cafe when the Giver is pure. A conGderable 
heat is excited by the a£rion of the acid on the 
Giver, which alfo much affifts in the rapidity 
of the procefs, fo that where the quantity of 
each is at all conGderable no* artiGcial heat is 
required. The folution is made very conveni- 
ently by putting the Giver (granulated 
(hreds) into a decanter or matrafs, adding tH^ 
acid, and to it abqut four parts or more of ief 
water; and fetting it under a chimney to draw 
off the furites- VThe folution then begins ahnoft 
immediately, and goes on with increaGng Vio- 
lence for a time and then continues fteadiTy till 
the Giver is dilTolved or the acid faturated, 

Ixiixviii. BeauQi^. Fourcroy. 
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^Rrithout requiring any artificial h^t. Towards 
the end however it may be boiled for a few 
minutes where perfefk faturation is wanted^ or 
where every atom of filver is to be feparated 
from gold as in the procefs of parting defcribed 
under the article If the eflbrvefcence is 

too violent) fo as to endanger an overflow . of 
the contents of the vefleh it muft be moderated 
by adding cold diftiiled water. 

When the filver contains a little gold as is 
the cafe with a large proportion of the ftandard 
filver in ufe, the gold is left behind after the 
folution of the filver in the form of a black 
powder, which when colle£led, and fufed with 
a little borax, appears in its reguline ftate. 

I^hen the nitric acid contains either muri- 
atic or fulphuric acid a milkinefs is perceived 
as foon as the efiervefcence begins, owing to 
the reparation of the firft portions of the dif- 
folved filver from the nitric acid in the form of 
an infoluble fulphat. or Where the 

quantity of thefe foreign irciaa is but fmall, it 
does not materially impede the procefs, and 
thefe infoluble falts, after the nitric acid is 
fully faturated, fall to the bottom by (landing 
at reft for feme hours. 

A fmall quantity of the nitrat of filver is 
volatilized along with the nitrous gas during 
the folution, efpeciall if carried on with rapi- 
dity, and at a confiderable heat.P This is 
proved by condenfine the vapour in a receiver, 
containing a clear folution of common fait, 
which is ther^y rendered milky. 

Liquid nitrat of filver is, perfeflly tlear Sind 
colourlefs in cafe the filver was pure, but if 
ftandard filver be employed the colour is a 
light blue, owing to the prefence of copper. 
When at all concentrated its tafte is exceffively 
ftyptic and bitter, and it rapidly corrodes the 
^ikin of the tongue. Even in extreme dilution 
the bitter ftyptic metal He. tafte, is very fenfi- 
ble, and it remains for a long time in the pa- 
late. This fait blackens every part of the (kin 
and all other animal matters. The blacknefs 
however does not come on till after the part 
has been expofed for fome time to the ^Ight, 
and is> therefore particularly haftened by lun- 
ihine; but the mutual a6lion between tne fait 
and the skin, is fo fudden, when me folution is 
concentrated, that a few feconds of contact 
will be fufficient infallibly^, produce theef- 
fe£l though it be carnally yhi(hW oflF im'nie* 
diately after. This (lain lafte for feveral days, 
and only goes oflT.by die natural tliange of die 

jTffciift j. pfijc 


cuticle, fo that in dead animal matter it is in- 
delible. 

The blacknefs is owing to a reduAion of 
the metal in exceffively minute particles % for 
when examined in a ftrong fun-(hine with a 
powerful microfeope the particles of metallic 
filver may be diftingui(hed. 

Mod vegetable fubftances are alfo ftained by 
this fait, though in a lefs degree, and iefs per- 
manently. 

When this folution is fufficiently concen- 
trated it readily cryftaliizes on cooling. The 
form of thefe cryftals is generally fix-fided, or 
fquare thin plates, often ranged like the dicks 
of a fan, and forming very beautiful groups. 
This fait is not deliquefeent, and is fg^uble in 
about four parts of cold water and much lefs 
of boiling. 

It appears to contain but little water of cryf- 
tallization, for when moderately heated it 
melts, and may be kept at that (l^e without 
lofiiig more than one per cent, of its weight. 
By cooling it then concretes into a dark grey 
mafs, which is the nitrat fcarccly altered, and 
when rediflblved in water will again cryftal- 
lize. This grey folid nitrat forms a very valu- 
able cauftic for the ufe of furgeons, and for 
, convenience is caft in oiled moluds into pieces 
about the fize of pencils, which are called /u/iar 
taufttc or lapis infernalis. This is aflually pre- 
pared however without the trouble of cryftal* 
lizatiop, (imply by evaporating the nitrat of 
filver to. the proper degree, and cooling the 
refidue in the proper moulds. Wheii one of 
thefe pencils is broken acrofs it prefens^ a/jradir 
ated texture. Th^ degree qf ^aufticity*^f thlk' 
fubftance is by no means fo powerful as that 
of the folid alkalies, for it c^rodes the cuticle 
with difficulty, and it requires fomc hours to 
deftroy the furface of the fle(h. 

There are two great agents whidh nfioft 
powerfully decompofe pitcat of filver^- light 
and heat. Light has nq-.a^lfon on the liquid 
foltrtion when kept in a'^bottle, full and well 
ft^ped, butvif an]i|£dRfeh is fpilt, -an’d the 
mmflure evapbrates^^th^ remaining nitrat 
blackens, is decompofed, afid wh'en.iliflbfed in. 
water it^is no .longer, entirely^ fplublc,‘'^but’^g'^ 
black powder* lubudes, which is^lver neg^y if 
not wholly^ in the reguliti^ fta|^,^nd ipinutely^ 
divided. ^ ’ "JS 

Heat alfo totally ^decbmpoles thiadR^ Smjnip 
it IS heated av all TO)^nd the iftilte 
cauftic, glob^es of reduced ' 

tom. 6s, p. SIS, &c. 
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JifFufed in the mafs. By making the experi- 
ment in a glafs retort, and a proper apparatus, 
the fait will be found to give out nitrous gas, 
oxygen, a little azot, and at tail nothing re- 
mains but the filver, very pure, white, and 
dud^ile. If a piece of this fait be laid on red 
hot charcoal it deflagrates like common nitre, 
and when this is over, the charcoal is covered 
with a ftrongly adhering coat of filver, which 
by a little rubbing appears of its natural co- 
lour. 

The compofition of nitrat of filver is given 
by Prbuft, as follows: loo parts of the fufed 
nitrat decompofed by heat leave 64 of pure 
filver, whence 100 parts of filver would form 
140 of the nitrat. On the other hand 100 
parts of •filver unite with 9.5 of oxygen when 
oxydated in the degree in which the metal exifis 
in the nitrat, whence 100 parts of the nitrat 
would be compofed of about. 

Silver 64 \ 

Oxygen d j ^ 

Nitric acid. - 30 

100 

The a6lual quantity of lapis infcrnalis ufu- 
ally obtained from filver is about 13 drachms 
from 8 drachms of pure filver, but only 10 or 
1 i^'drachms from the fame quantity of ftandard 
filver.** 

Nitrat of filver detonates moft violently with 
phofphorus. If a fmall cryllal of nitrat ox filver 
is laid on an iron anvil, and about half a grain 
of phofphorus is put upon it and ilruck fmartly 
with a hammer it explodes with a very violent 
report. A greater quantity of thefe materials 
might be dangerous to the operator. The iron 
is found after the#xplofion covered with minute 
particles of metallic filver. 

Phofphorus will alfo reduce the nitrat of 
filver in ihe moift way. Put a ftick of newly 
melted phofphorus into a very dilute folution 
of nitrat of filver, and in halt a day it will be 
filvered on its furfacei^ and gradually the whole 
of the filver precipitates m the phofphorus^n 
fine dendritic cryilals. 

►4, Hydrogen alfo rapidly reduces the nitrat of 
filver, and during its redudlion it paflev through 
various (hadii of brown, till it acquires the 
^.«metallic luftrf. A coatii^ o^^lrar may be 
^us fixed on filk, as Mrs. obferved 

in .her ingenious experiments,** by moiftening 
the and expofing it while wet to a current 
of 'h^pogen gas. Thus placed, the filk be- 


comes gradually brown, and as the redu&iou 
advances the furface is covered with an iridef- 
cent pellicle of various colours whilit a tirm 
coating of filver fixes to the threads. It was 
found impra£ticable however to produce an 
uniform perfe6l filvering by this method, for 
though many particles of bright white metal 
may be obferved, the general appearance is 
tarniflied and void of luftre* 

Nitrat of filver is alfo reduced very readily 
upon charcoal by the fun’s rays, or by expofure 
to a heat of boilii^ water without the affiiU 
ance of light, 'i^is redu£lion forms feme 
beautiful experiments, which are given by 
Count Rumford.* Some charcoal was firfi: 
boiled for fome time in diilillcd water, tih it 
had become fo much wetted as to fink in ^is 
fluid. A piece of it was then introduced into 
a phial containing a moderately dilute folution 
of nitrat of filver in diftillcd water (this faft 
having been prevfoufly fufed and reduced to 
the (late of lapis ^fcrnalis to drive off what 
little excefs of acid the cryftallized fait might 
contain) and it was fet in a llrong fun-fhine. 
In Icfs than an hour fmall fpecks of revived 
filver appeared on the charcoal, and this depoli- 
tion of filver continued till the charcoal was 
covered w’ith fpangles of reduced filver per- 
fc£Hy white and relplen^ent. The fame expe- 
riment was repeated with the difference that* 
the phial was inclofed in a tin box and expofed 
for an hour to the heat of boiling water in a 
common ft earner ufed for boiling potatoes. 
Whro examined, the furface dt the charcoal 
was covered with a moft beautiful metallic ve- 
getation, fmall filaments of revived filver re- 
fombling fine flatted wire pufliing out from the 
furface in all directions, and extending to the 
diftance of a tenth of an inch. 

Silver is precipitated from its nitric folution 
by mercury. If the folution contains both fil- 
ver and mercury, and the precipitating metal 
be alfo a compound of mercury and filver, » 
curious and beautiful precipitation of a brilliant 
alloy of thefe two metals is depofited in an 
arborefeent form which has been called the 
Arhor Diana or Silver Tree. Lemery was the 
firft wha obferved this curious metallic vegeta- 
tion, and various proportions of the ingredients 
have been* given by different chemifts, all of 
which fucceed to a certain degree. The moft 
eflential poifll feeftis to. be, that in the folution 
the filver ihould much exceed the mercury^ 
but in the precipitant the mercury Ihould ex- 
ceed the ylver. The proportions given by 


« Bcauin^* * Effay on Combnftion . • Pkil. Tranf. voL S8, p. 4^0, 
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Baum6 arc the. feUo wing: Make an amalgam called parting hy aqua-forth) a'nitrat of filvet it 
of one part of leaf filver with feven of mer- left, which when a fufficient' quantity is col- 
cury, which will unite by fimplc triture into a leAed is thrown into a copper bafon fome- 
mais of ^ the confidence of foft butter. Put a times, alfo with pieces of copper immerfed, 
fmall lump of this amalgam about the fize of a and the filver is reduced in its perfeft metallic 
bean, into a bottle containing a mixture of fix date in the form of thin brittle leaves^ and the 
drachms of a faturated nitratof filver with four bafon now contains nitrat of copper. The 
drachms of a fimihir foiution of mercury^di- latter again decompofed by lime yields the 
luted with five ounces of water. Set the bottle pigment Verditer. The whole of the filver is 
in a place where it may remain perfeftly at * not however feparated by copper, for the folu- 
red, and the expe£led metallic vegetation will tion becomes milky on adding common fait* 
generally fucceed. It begins by the appearance The reduced filver alfo contains a fmall quan- 
of fmall fpiculse dicking on the.furface of the tity of copper. Still it is a very ufefui and 
lump of amalgam, which after a while increafe convenient way of recovering the filver imme- 
to broad brilliant blades elegantly arborefeent, diately in the metallic date, and is employed 
whjch, if the bottle is kept at red, have con- both in the large way and in.analyfis. 
fidence enough to keep together, and imhate a Nitrated filver is alfo decompofed by a great 
flirub in form. variety of alkaline and earthy falts, particularly 

The time required for this depends on the by the fulphats, muriats, phofphats, &c. that 
degree in which the foiution is diluted; in ge- is by all thofe whofe acids united with filver 
neral, with the above proportions the fird fila- produce an infoluble fait. Of thefe the muriat 
ments form in a few mbdites, but it takes a of filver is the mod important, and will be 
day or two to eomplcat the precipitation. This prefently mentioned. 

precipitate is brittle, harfh to the touch, and Several of the metals are found to combine 
very brilliant. The amalgam on which it is with the acids in two proportions, one, where 
bafed lofes much of its metallic ludre and be- the ingredients are in mutual faturation, or elfc 
comes much harder than at fird, and brittle, where the acid is in excefs, and the other 
indead of being of the confidence of butter, where the metallic oxyd predominates. Prof. 
Mercury alone will anfwer the fame purpofe as Proud* has given the following account of the 
the amalgam, but the filver tree is more brittle nitrat of filver with excefs of oxyd, or fub - 
and fooncr falls down by its own weight. • nitrat. 

Nitrat of filver is decompofed by the fixed It is prepared by boiling a faturated foiution 
alkalies pure- or carbonated, and by the alkaline of the common nitrat of filver with reguline 
earths. With the pure alkalies and cafths a filver in that date of fine flocculi in which it 

• precipitate is formed, with the carbonated appears when precipitated by copper. Nitrous 
alkalies a yellowifh white. .In the former cafe, gas is given out during the ebullition, whicli is 

. ICO grs. of the precipitate* are produced (ac- to be continued for about an hour, and the 

* cording to Bergman and Wenzel) by about 89 veflel then corked and fet by that the uudifiblved 

of filver, and in the latter by about 77. portion may fubfide. 

Ammonia fird gives a precipitate which it The foiution is of a clear yellow colour, 
fpcedily rediflblves, and forms with feme parti- and is the fub-nitrat in quedion. Being much 
culars in the* management the fulminating fil- more foluble than the nitrat it may be con- 
ver, which will be prefently deferibed. Car- centrated to a much greater degree by eva- 
bonat of ammonia gives a white or a dark pre- poration in a retort or mattrafs into whicli a 
cipitate, according as it is more or lefs faturated few pieces of filver are. to be put to preferve • 
with carbonic acid. All thefe oxyds turn the excefs. of this metal. Duriiigthecvapora- 
blackifh by expofure to light. tion fome of the fait is volatilized. It is very 

Many other metals allb feparate filver from diflEicult to obtain this fub-nitrat in regular 
its folutions in this and other acids, and parti- crydals, for, when fufficientiy concentrated, 
cularly copper, which is employed -largely for the whole is very apt to congeal into a white 
this purpofe by the refiners. In afiaying gold fliapelefs nia^ during which a fenfible heat if 
(as mentioned under die article the cu- given out. 

pelied button of gold and filver is treated by This foiution differs from the common nitAt 
nitric acid to difiblve out the filver and leave in many particulars. Its colour is yell|^, but 
the gold pure. After this procefs T which is the nitrat is without colour; the fuB-nitrat 

, * J. rbjf. tom. 6f, p. fso. 
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changes the colour of litmus blue, and gives fufes, and a yellow fublimate arifes. No fuch 
a blue lake with it, but the nitrat produces no fublimate is formed with the nitrat. The. above 
effe£t: the nitrat turns cochineal fcarlet; the faffs Ihew that there are at lead two dates of 
fub-nitrat, deep yellow : the nitrat does not oxydation of (ilver when in folution, but the 
change fulphat of indigo; but the fub-nitrat ingenious difeoverer does not give the propor- 
difcolouTS it entirely, and the filver is reduced, tions of the fub-oxyd. 

Ammonia gives a black precipitate with the All the folutions of (ilver are .blackened im- 
iub-nitrat which is fimply reguline (ilver in mediately by fulphuretted hydrogen, either in 
minute divifion and does not fulminate; nor is the gafTeous or liquid dates, and all the folid 
the precipitate rediiTolved by an excefs of am* fulphurets produce the fame change on Giver, 
monia, but the clear liquor contains oxyd of as will be prefently mentioned. 

Giver diflblved in this alkali. < When the folu* A compound acid, extremely ufeful for dif* 
tion of the fub*nitrat is expofed to the air, in a folving Giver when mixed with copper and 
few days it lofes its yellow colour, and depoGts fome other metals, has been difeovered by Mr-, 
large bla<les of crydallized nitrat of Given Keir.'* It is formed by diGblving one part of 
The cry dais are then in the date of common nitre in about eight or ten parts by weight of 
nitrat, fo that the two falts differ both in the drong fulphuric acid. When pieces of Giver 
quantity of acid and of oxygen being lefs in are thrown into this acid (undiluted with 
the fub-nitrat. If fome drops of nitric acid water) and a heat of from loo^ to 200^ is 

are poured into the concentrated folution of applied, an effervefcence of nitrous gas takes 

the fub-iiitrat large cry da Is of nitrated Giver place and the Giver is diGblved. This makes a 
form almod immediately, the yellow colour is very denfe heavy folution which readily con- 
lod, and the whole becomes common nitrat. crates by cooling, but may be moderately di- 
If the folution is lefs concentrated, and nitric luted with water without becoming turbid, 
acid is added, nitrous gas is given out. This compound acid (which may be termed 

If muriatic acid is added to the fiib-nitrat, the nitro-ftdphuric) diflolves about a Gfth or a 
common muriat of Giver is precipitated, fo that Gxth of its weight of Giver, and with much 
the fupernatant liquor ought to be dill lefs more cafe than the fulphuric acid Gngly would 

oxygenated than before. do. The quantity of nitrous gas given out in 

Water aAs in a driking manner on the folid the procefs feems to be lefs in proportion a$ 
fub*nitrat. If edd water is poured on it a that of the nitre is greater. The nitro. fulphuric 
part only diGblves, and the reGdue is a yellow acid, undiluted, alfo oxvdates and partly dif- 
powder, a compound of Giver, nitric acid, and folves tin and mercury, out it hardly touches 
oxygen, in which the two latter fubdances are copper, lead, gold, or iron. Hence it is par* 
in dill fmaller proportion to the metal than in ticularly ufeful in recovering the Giver from 
the Hquid fub-nitrat, or the folid fait before the furtace of any Giver plated metal, which is 
the affuGon of water. The fait therefore di- an objefl in large manufa£):ures of plated 
vides itfelf into two portions, the foluble part goods, and was umally done from copper plate 
al>dra£ling from the other a portion of its acid at Birmingham by more expenGve methods, 
and hs oxygen, which is nearly Ginilar to what The precife proportions of fulphuric acid and 
takes place with the fulphats of mercury dur- nitre arc not of much confequence. On the 
ing the formation of turbith, and with the nitrat other hand if water is added to the acid, its 
of this metal. If boiling water is added to the power of diGblving Giver is much lelTened, 
folid fiib-nitrat, thefe changes proceed (till fur* and it then a£ls on copper with eafe. 

«thcr and the infoluble portion becomes fuccef- The Giver may be recovered from the folu* 
Gvely, but almod indantaneouGy, yellow, red, tion either by adding common fait which fepa* 
and black. If whild it is yellow or red, a few rates it in the form of muriat of Giver (which 
drops of nitric acid are poured in, the further is afterwards redored' to the metallic (late by 
change is dopped and the whole diiTolves into fuGon with alkalies) or, more Gmply, by diiut* 
a colourlefs folution, but after the colour has ing the folution with water and continuing to 
become black, this does not take place. This immerfe ihc fame pieces of copper plate which 
black powder is merely Giver in Gnc diviGon, have lod their Givering. The acid being now 
and Givers the bottom of thevelTelby danding. able to a£t on the copper will faturate itfelf 
If the folid fub-nitrat is dill furth:}r heated with this metal in preference, and will depoGt 
in a retort, it thickens, gives out nitrous gas, the Giver in the metallic form. The fulphat 

* Phil«Trsof^ vsl. So. 
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of copper may then be applied to feveral ufes. 
The nrft way however gives a purer filver. 

Sulphuric acid impregnated with nitrous gas 
(a combinat ion iirfl noticed by Dr. Prieftley) 
diflblves (ilver with eficrvefcerice as foon as 
heat is applied, the folution becomes of a vio* 
let colour and much nitrous gas is difengaged. 
By moderate dilution a white faline powder 
falls down which is redifTolved in more water. 
The undiluted folution faturated, and fet in a 
cool place, readily congeals, but when diluted 
nightly it gives foliated cryftals. 

The carbonic acid has no aftion on filver or 
its oxyd, but a carbonated oxyd infoluble in 
water is formed by precipitating the nitrat or 
any other folution oy a carbonated alkali. This 
fubftance is a ycllowifli white powt'er, which 
by expofure to light, foon turns blackifl'., and 
in time it contains a fenfiblc portion of metallic 
filver. It is a convenient preparation for mak- 
ing the falts of filver with thofe acids, which, 
like the acetous, do not adl on this metai in 
the reguHne (late. 

Muriatic acid is ufually faid to have no ac- 
tion on reguline filver either hot or cold. This 
is the fa£k (generally fpcakiiig) for the a£fion 
in a moderate time is fo fmall that the filver 
hardly appears corroded, though after a certain 
time and particularly with the allidance of heat 
the metal is converted into an infoluble muriut 
and tlie remaining acid which is proportionally 
weakened retains fcurcely a particle of the mu- 
riat in folution.'^ But the oxyd of filver readily 
unites with this acid and forms a white curd- 
like mafs infoluble in water. This combination 
however is more frequently made by the mode 
of precipitation, and occurs whenever muriatic 
acid, or any alkaline or earthy muriat is added 
to any fait of filver except the prufllat. In this 
cafe if the foiutions are at all concentrated, at 
the moment of mixture a white curd-like fub- 
llance feparates, and fpeedily finks to the bot- 
tom, which is the muriat of Jilver or luna cor^ 
nea. This precipitation is one of the moft fami- 
liar to chemiils, for being perfe£fly infoluble in 
water it ihews itfelf when the mod minute 
quantities of muriatic acid and filver arc pre- 
fent, and thus it forms a mod ufeful ted for 
either fubdance. 

When the quantity is extremely fmall in- 
deed, no a£fual precipitate can be collefledy 
but the foiutions which were limpid before 
mixture become more or lefs opalefcent after- 
wards. Thus the pured natural waters con- 
tain fomc particles of common fait or earthy 

• Prouft. 


muriats, and therefore if a drop of nitrated fil- 
ver be ihaken with bottle full of water, it 
becomes almod immediately milky or opalef- 
cent according to the quantity contained, 'rhis 
ted is fo delicate that it will even dotedt the 
minute portion of muriat of foda adhering to 
the ikin, for if a phial coiitaiinng diilillcd 
water with a drop or two of iiitrat of filver be 
(haken, with the thunib ufed as a dopper, in 
a Ihort time it will have ditlolvetl enough of 
fait from the furface of the cuticle to become 
flightly opalefcent on ihimling. 

Muriat of filver does nut fep.irate complcatly 
from the liquor of the folution in winch it is 
formed, till all the filver is precipitated, for 
whild any remains in folution, though the 
curdy precipitate is copious, tlic fiipernatant 
liquor alfo remains very milky, but as foon as 
fuiHcient muriatic acid is added to engage the 
vvhole of the filver, the liquor becomes iinipid 
almod fuddenly. The muriat may then be 
coiiedlcd and cilulcorated with the utmojl cafe, 
more fo than any other known precipitate. It 
retains the lad portions of water however, with 
confiderable obdinacy, fo that it cannot be 
thoroughly dried at the heat of boiling water, 
without remaining in that temperature for a 
confiderable time. When perfedUy dry it is in 
hard har(h-feeling lumps, which do not in the 
lead foil the fingers. 

Muriat of filver melts at a heat fomewhat 
below rednefs, (that is about tlie degree at 
which lead melts) and flows into a thin ycl- 
lowifh liquid. A fmall portion of it volatili'^es 
during the fufion, but after it is melted it may 
be kept in a common crucible at a faint red- 
heat for an indefinite time without fubliming, 
or finking through the pores of the veflcl. 
Neither does it attack glafs in any degree, but 
at this temperature is tranfpareiit and has a 
pearl-grey lullre which is very didinguilhable. 
When cold it conerLtes into a yellowiih, tcugli 
mafs, tranfpareiit in thin laininx*, flexible, 
which may be oafily cut with fcifllirs, and a 
good deal refeinbles b^ru in its appearance,, 
whence the term Aoru /tlverj or iujia cornea^ 
which properly only belongs to it in this date, 
but is indilcriminarely ufed for the muriat tn. 
any date, acid whidi we fliall here retain. 
Luna cornea when cooled in mafs may be 
turned on the lathe, and fnuff boxes have been 
made of it by the curious. When cooled 
flowly it has a drong tendency to the odohedral 
form.* A drong red heat volatilizes it totally 
in very denfe white fumes. 

• Ibid. 
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Muriat of filver when newl/ precipitated is 
of a delicate white colour, but tnis changes very 
fpeedily and in a very ftriking manner to a. grey 
flate colour by a fliort expofure to light, wnicn 
is an ufeful mark of diitinflion between this and 
many other metallic precipitates. The change 
however is quite fuperficial. In a ftrong fun- 
Ihinc it takes place very rapidly, and it was 
dii covered by Schccle that when the rays are 
feparated.by a prifm and thrown feparately on 
-the muriat, the blackening took place in twenty- 
four fcconds in the violet ray, and in an in- 
creafing diltance of time in the fucceflive colours 
of the fpeftrum, fo that in the red ray, no lefs 
than, twenty minutes were required. Mr. Ritter 
of Jena has fince found that as there are 
invidble heat-making rays exifling on the outlide 
of the prifmatic fpeftrum beyond the red ray, 
(difeovered by Dr. Herfchell, and mentioned 
under the article Caloric) fo there are invifible 
rays on the other fide of the fpe£Irum, beyond 
the violet ray, which poflefs in the higheft 
degree the chemical efFedls known to be pro- 
duced by fenfible light, and particularly that of 
blackening muriat of filver. This was alfo 
difeovered about tlie fame time by Dr. Wollafton. 
Mr. Ritter alfo aflerts that if the muriat already 
blackened in the violet fide of the fpeftrum, be 
transferred to the red fide, the whiteneft is 
partially ;:eftored. Thefe very curious experi- 
ments Iiowever belong more properly to the 
fubject of light. 

As the muriat of filver is produced in a great 
variety of analytical experiments, and ferves to 
detcrniiiie the quantities both of muriatic acid 
and of filver in any compound, it becomes of 
great importance to determine with perfedl 
accuracy the proportion of the conftituent parts 
of this fait. Fortunately its compofition is fo 
uniform, its infolubility in water is fo perfedl, 
and the neceflary procefles of cdulcoration are 
fo eafy, that there is an almod abfolute agree- 
ment in the refults of the experiments of difle- 
xent chemills, regard being had to the circum- 
ftincos of drying and reduction. It has been 
found by Klaproth that loo parts of pure filver 
dilTolvcd in nitric acid, and precipitated by 
common fait, yield about 133 parts of luna 
cornea, dried at a heat fuperior to that of 
boiling water, but fhort of its melting point, 
that is to fay, thoroughly dcficcated, but with- 
out the volatilization of any of its conftituent 
parts. Other chemifts agree very clofely with 
this rcfult, and from the average of thofe that 
appear eniivled to the moft confidence, we may 

y Kirwan on Mineral Acidf, 


eftimate 100 grs. of luna cornea diotoughly 
dried but not melted, to contain 75.235 grs. of 
filver. 7 The remaining 24.765 grs. therefore 
confift of muriatic ztid and oxynn. Of the 
latter, it is eftimated by Prouft mat 100 parts 
of filver take about 9.5 during folution in nitric 
acid, and the metal probably exifts in the fame 
ftate of oxygenation in the muriat. If this is 
corredi, the oxygen in 100 grs. of dry luna 
will be about 7.^5 hence the component parts 
will be 

Muriatic acid 1 7-615 
Silver - - 75.235 
Oxygen - - 7.15 


ipo.oco 


It (hould be obferved however that Kirwan 
and other chemifts eftimate the quantity of 
oxygen taken up by 100 grs. of filver, to be as 
much as 10.8, which ivould make the oxygen 
in 100 grs. of luna cornea to be about 8.1, and 
would reduce the muriatic acid to about 16.6. 
The proportion of filver, however, is more cer- 
tainly alcertained, and the above eftimation 
may be fafely taken without danger of any 
material error. 

Muriat of filver lofes fomc weight when 
palling from the ftate of perfefi deficcation to 
fufioii, but when melted it may be kept in 
fufion without further lofs, the heat not being 
raifed much higher than neceflary. Dr. 
"I’homfon found 132.35 grs. of luna cornea 
dried at 400° (the produdb of 100 grs. of filver) 
to be reduced to 128.67 grs. by fimple fufion, 
whence 100 grs. of fufed luna cornea may be 
eftimated to contain 77.36 grs. of filver inftead 
of 75*235 as given above. ' 

Muriat of filver is nearly if not abfolutely 
infoluble in any acid except the muriatic, but 
this acid diflbives it without difliculty when 
heated, and the muriat may then l^e obtained 
in oclohcdral cryftals. If this folution be 
diluted with water the muriat feparates in its 
ufual form.* Luna cornea is foluble in pure 
ammonia without decompofition, and when this 
folution is evaporated in the temperature of the 
atmofpherc, the muriat is left either in fmall 
cubes or in glittering fcales, the latter of which 
refemble very clofely the fuperficial fcaly in- 
cruftation of the native luna cornea.* But if 
the folution is evaporated by artificial heat, the 
firft particles that fall to the bottom are the 
fulminating oxyd, and when ^ fhaken in the 
(lighteft degree will detonate with extreme vk>- 

' • Proud. Klaproth. 
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lence,^ fo that this dangerous experiment lliould 
he performed with the utmoft caution. 

There are various methods of reducing 
muriat of filver. The moft frequently ufcd is 
by carbon at of potalh. For this purpole rub the 
dry muriat with about twice its weight of 
common pearl-aih| put it into a cruciblcf cover it 
with a little more pearl-a(h^ and put it into any 
furnace capable of giving a lilver-melting heat. 
The crucible mull be large enough to hold about 
twice the bulk of the materials employed. Apply 
heat gradually, and the mafs will firft melt and 
then give off a great quantity of gas with much 
intumefcence, and become quite black* Whilfl; 
this is going on the heat ihould not exceed a 
moderate rednefs, otherwife part of the con- 
tents are very liable to fpurt out by the effer- 
vefcence, after which it may be railed to a full 
white red for a few minutes, and the crucible 
is then to be taken off, (truck gently on the 
outfide with a hammer, to (hake down all the 
fcattered globules of metal, and cooled very 
gradually. On breaking it, if the reduftion is 
well performed, it will be found to contain a 
clean (aline mafs confiding of muriat and car- 
bonat of potalh fufed into an uniform fubftance, 
and at the bottom will be a button of pcrfeftly 
pure filver, beautifully white and refplendent, 
without the lead difcoloration on the furface, 
and eafily detached from the faline mafs above 
it. It requires fome praftical (kill to know 
how long to continue the fufion, for as there 
is a great excefs of carbonat of potalh, the 
operator need not wait till all effervefcence is 
over, but yet if the heat is urged too brilkly 
fome of the luna cornea is volatilized along with 
part of the alkali. However, where the mere 
obje£l is to procure a quantity of pure filver 
from luna cornea, it is not dilficult to do it 
without incurring any material lofs; but when 
it is required for the purpofe of analyfis to 
obtain a// the filver from a given quantity of the 
muriat, more precaution is requifite. In exa- 
mining the crucible and faline mafs after 
reduction, minute globules of filver are fome- 
times found either difperfed through the mafs 
or more commonly dicking to the fides of the 
crucible. In the former cafe they arife either 
fn^m not heating the mix\ ure . fulHciently, or 
(What is more probable) frqm cooling it too 
fuddenly, whereby the filver, which becomes 
folid much fooner than, the fait, in the moment 
of cbngealing, fpurts up fome globules, which 
penetrate arid arc detained in the fluid above. 
When the globules dick to the crucible it is 


oftm owing to fome joughnefs in its (ides, 
which may be prevented by giving it a coating 
of borax by melting ajittle of this fait in it 
before the reduflion. Small quantities of luna 
Corsica may alfo be reduced in a dry phial fet 
in (and inilead of a crucible, by which sill the 
filver may be collected very accurately. Car- 
bonat of foda anfwers as well as potafli. Mod 
of the effervefcence may be prevented by em- 
ploying the caudic alkalies inltcad of the carbo- 
nated, but this is expenfive in the large way. 
Whatever care is taken in the redufbion, it is 
feldom that quite 75 parts of filver can bo 
recovered from 100 of luna cornea, fo that si 
fmall portion is volatilized. 

Luna cornea may alfo be reduced by mercury. 
This method was fird difeovered by Marpgrsd*, 
who has alfo given the following intereiUng 
experiments on the fubjeft.^ This excellent 
chemid fird obferved that fpirit of fal ammoniac 
made with fal ammoniac and litharge, (or pure 
ammonia diflblved in alcohol) dillolved luna 
cornea in the cold; and a folution was equally 
effected by fpirit of fal ammoniac prepared, 
from fait of tartar and fal ammoniac, (or 
tinted ammonia diflblved in alcohol) nnd on 
adding to the latter folution fix times .as much 
mercury as it contained of luna cornea, on the 
next day a fine Arbor Disnv.e van found in the 
mixture, which was a perfe^it amalgam of 
mercury and filver. This led him to atfjmpt 
the^ redu£tioii of luna cornea more dircdily, 
which he performed in the following way. Put 
in a glafs mortar, one part of luna cornea, add 
to it about twice its weight of dry carbonated 
ammonia witli jud fuflicient water to bring It to 
the confidence of foup, and rub them togctlu r 
for a quarter of an hour, during which tiic 
mixture will fwcll and effervefee a little: then 
add fix parts of the pured mercury revived from 
cinnabar, and continue the rubbing for fome 
hours, during which the mixture will fird 
become of a blackidi grey, and a perfedl amal- 
gam of mercury and filver will be formcil. 
Then add a quantity of water, which will be- 
come milky, and pour it off into a fepar.ite- • 
veffel before the white powder I'ulpendcd in it 
has fubfided, leaving the amalgam in ihc mortar. 
Walh the latter repeatedly with water, and 
continue rubbing, till all the white powtlcr is- 
rinced out, and the water returns clear from off 
the pure amalgam. The \%hite powder is fub- 
muriat of mercury, very fimilar to calomel, and 
the filver has paffed into the mercury of tlie 
amalgam, whence it may be recovered by dif- 


^ ProufT. « Hitt.de I’Acad. de Berlin for 174^. 
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t'l'ling It pry ft in a retort, with a heat gradually and when heated with borax, melts into a pure 
increafed to redine fs. A very fmall portion of button of metal. The water contains muriat of 
the (liver how’cvcr remains in the white powder, iron. The decompolition is known to be com- 
which may be recovered by fublimation, in pleat when the powder €»f filver is not blackened 
which the fub-muriat of mercury rifes pure, and by expofure to the fun. This procefs which is 
a grey powder remains, which melted with given by Sage, was repeated by Prouft with the 
borax gives a fmall globule of filver. In this following rcfults« A hundred parts of dry luna 
way Marggraf recovered almofl the whole of cornea (containing 75 1 per cent, of filver,^ were 
half an ounce of line filver which was iird mixed with as much iron filings, and boiled 
converted into luna cornea, for the amalgam with water for feme time in a filver veflel. The 
left after diilillation half an ounce of filver powder remaining was then well walhed and 
wanting four grains, and the fmall globule mixed with mercury to collefi the filver. This 
procured from the mercurial fublimate weighed amalgam left after diilillation 72^ parts of filver, 
2 1 or 3 grains more. He alfo obferves that and on adding more mercury to the powder 
it is quite iieceilary to wafh out the mercurial 7 .\ more of filver were left,, making in all 7$ 
nuiriat from the amalgam before the latter is per cent. Zinc filings will anfwer as well 
dillilled, for if it is left in, the affinities are as iron. 

changed at a high temperature, and luna cornea Luna cornea is not decompofed byTuIphat of 
and running mercury are again formed. iron, but it is reduced by iron in the zd. of fo- 

The fame reduflion of luna cornea takes lution in dilute fulphuric acid, when in contaA 
place without the labour of rubbing, by putting with it. Muriatic acid and iron have the fame 
It alon’^ with tlie carbonated ammonia and effedl. We may here alfo make a few obferva- 
jncrcury in a retort, adding a good quantity tions on the mutual a£lion of fulpbat of iron 
of water, and diftilling to drynefs. There and metallic filver. ^ 

remains then in the retort the amalgam and When the red fulphat of iron (or that in 
fub-muriat of mercury, which are to be treated which the metal is fully oxygenated) is ioi/ed 
as above. The ammoniacal liquor which comes with pieces of filver, a portion of the metal is 
over may be faved for a future operation. difiblved fo as to give a luna cornea with fait, 

In all thefe proceffes it is always to be and the fulphat is reduced to the ftatc of thic 
remembered that it is the carbonated and not the green, or fuh^oxygenatedy fulphat. But on 
caiiflic ammonia which is to be employed, for keeping the folutions together for a time bright 
caufUc volatile alkali can never be heated with fcales of metallic filver rorm in them (probably 
muriat of mercury without danger of producing witli the affillance of the light) and the fulphat 
the very formidable fulminating powder, which returns to its original ftate of conipleat oxyge- 
wiil be prcfently deferibed. nation. On the other hand a cold folution of 

Muriat of filver may alfo be reduced by fufion the green fulphat mixed with fulphat of filver, 
with lead. Kunckel recommends mixing the decompofes the latter and metallic filver preci- 
miiriat with thrice its weight of granulated lead pitates. Hence it appears that at a common 
and melting the mixture in a retort. It then temperature the green fulphat takes oxygen from 
will contain tw’O didindl fubftanccs, the upper is the falts and oxyds of filver, but when the heat 
muriat of lead, and the low'cr metallic filver, is raifed the reverfe takes place, and the red 
alloyed however wdth a good deal of lead, fulphat yields oxygen to filver. In the latter 
which muft afterwards be feparated by cupella- cale however the affinity of the oxyd of filver for 
tion. Prouft obferves in this procefs that two fulphuric acid muft affift in the decompolition. 
parts of lead are quite fufficient, but there is Muriat of filver is liable to be formed when- 
always fome lofs of the filver after cupellation, ever filver remains for a length of time in con- 
as it never exceeds about 74 parts from 100 of ta£l with any muriatic fait. Thus Prouft 
the luna cornea. Several other of the metals found filver dollars deeply corroded and partly 
will anfwer the purpofe of the lead, but with- converted into muriat, by lying for many months 
out the fame advantages. at the bottom of the fea on the coaft of Spain. 

The habitudes of muriat of filver wdth iron The acetous acid has no a^lion whatever 
and its falts are important. If the muriat is upon pure filver, but it combines ealily with 
boiled in an iron veflel with water, and fome its oxyd. Acetite of filver is readily formed by 
bits or filings of iron, a powder gradually adding acciite of potaih to nitrat of filver, or 
Colle£ls at the bottom, which is metallic filver, more limply by boiling this acid on the carbon- 

Proull. 
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ated ozyd of filyer. In this cafe the folutiop lently detonating fubftaiice yet Icikiwzk This 
very readily begins to cry ft allize the moment it was difeovered by Berthollct^ and cos>Gdering 
coolst and forms long needled cryftals> *but at the multitude of experiments in which ammonia 
the fame time a part of the fait is reduced^' and has been employed along with the falts of filver^ 
the mafs of cryftals and liquor is fouled with a it is rather furprizing that it was not fooner 
quantity of black powder of reduced filver, which difeovered by fome ferious accident, 
however foon fubfides. The clear acetite w'hen This fulminating amnioniacal oxyd is pre- 
kept in a bottle expofed to the light is alfo partly pared in the following way, according tp Ber-» 
decompofed, and the glafs foon becomes lined thollet the inventor, ^ and the dire£tions given 
with a brilliant filvery film. Acetitc of filver by Dr. Higgins diflblve any quantity of filver, 
is of ufe in chemical analyfis, particularly in perfeflly free from copper, in as little nitric 
examining mixtures of the nitrats and muriats, acid, moderately dilute, as is fufiicient, pour oft* 
where the operator wiOies to afeertain and fepa- the clear folulioii from any black fediment which 
rate the muriatic acid without adding any ex- may be left ('and which is commonly gold} and 
traneous nitric acid, which would be the cafe if add to it lime water as long as any confiderable 
the nitrat of filver were employed. precipitate falls down. Edulcorate this preci* 

When filver is treated with nitrous acid and pitatc, which is a brown oxyd of filver, and 
alcohol, a white powder is depofited, which ful- then lay it on feveral folds of filtering paper, 
minates with extreme violence, and which, from or fpread it out on a fingle paper laid on a 
the analogy with the fulminating mercury pro- fmooth dry lump of chalk, and dry the precipi- 
duced in the fame way, is probably an oxalat of tate thoroughly in the open air. Set this oxyd 
filver.® This preparation was difeovered by by for ufe in a well-corked phial. About ly 
Mr. Howard, in his attempts to communicate oz. is obtained from an ounce of fine filver. 
to other metals the fame fulminating property The cauftic fixed alkalies may be ufed inftcad 
which he had given to mercury, and is prepared of the lime-water, but they do not aft with fo 
in the fame manner as has been dcfcrlbed in the much certainty. This oxyd difiblved in ammo- 
article Mercury. nia, forms the fulminating powder. For this 

Mr. Cruickihank in repeating this experiment, purpofe add lo or 12 grains of this oxyd to 
difiblved 40 grains of filver in 2 ounces of about half an ounce in meafure of liquid am- 
ftrong nitrous acid diluted with as much water, monia, pcrfcftly cauftic and moderately dilute, 
and on heating the folution with 2 ounces of This gives a fnapping iioife, and blackens the 
alcohol, he obtained 60 grains of a white powder whole oxyd immediately, and diflblvcs either a 
which fulminated violently. Brugnatelli has portion of it onljr, leaving a black powder at 
given the following method of preparing the the bottom, or, if more ammonia is ufed, the 
lame. ^ Put 100 grains of lunar cauftic in a whole is difiblved., Pour the clear folution off 
glafs, and pour on them firft an ounce of alcohol, from the black powder, if any, and expofc it 
and then as much concentrated nitrous acid* in a fliallow vcflel to the air. In ten or twelve 
The mixture grows hot, boils, and an ether is hours a cryftalline pellicle appears on the furfacc 
vifibly formed, which flies olF in vapour. By of the ammoniacal folution, which is the ful- 
'degrees the liquor becomes milky and is filled minating filver, and is compofed of a congeries 
with fmall white flocculi. When the liquor of black fliining cryftals. Take them out, whilft 
has thickened by this precipitation, add cold ftill wot, and lay them in feparatc parcels of 
diftilled water to fufpend the ebullition, other- not more than a grain or two on blotting paper, 
wife the precipitate would be re-diflblved, then and let them dry izi the air, carefully avoiding 
col left the powder and dry it with a very mode- to touch them. 

rate heat. This is the fulminating filver, and This fulminating powder has the following 
amounts to more than half the weight of the properties.: even when ftill wet if it be preflbd 
.lunar cauftic employed. upon with a hammer or any hard body, it ful- 

Onc grain placed on a lighted coal detonates minates with* extreme violence, but when dry, 
with a deafening report, if touched with the end the touch of a flender wire or even a fcatliei:, 
of a glafs tube dipped in fulphuric acid, or with or a heat of about 96®, is fufiicient to^ make 
tlie eleftric fpark, fo that in violence it greatly it explode. Even a moderate concuffion of the 
exceeds the fulminating mercury. air is fulKcient, fo that a heap majr be exploded 

The combination of oxyd of filver with am- by the concuffion of any other in its imme- 
;|(nonia is remarkable for aflbrding the moft vio- diate neighbourhood. Sometimes too 4 t will 

• Phil. Tram, for xSoo. p, ' Phil. Joum. 8vo« vol. vi!. p. 285. • Beithollet, Ann. Chem. tom L. 

^ Higgins Minutes, p. J24. 
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go off In tli€ hand> when carrying from one 
place to another, fo that in fa£b when it is once 
dry, the operator (hould be prepared for the 
explofion at any time, even with the moft care- 
ful handling. A momentary flafli is vifible at 
the time. If the ammoniacal folution poured 
off from the fulminating cry dais is heated in a 
fmall retort (which however is a moft hazardous 
experiment) bubbles of azotic gas are given out, 
and fmall opakc cryftals with a metallic fplen- 
dour are formed, which fulminate violently when 
touched, even in the midft of the liquor, and 
the veffel burfts into an infinite number of frag- 
ments. When any.of this folution touches the 
Ikiii it blackens it lor a time like nitrat of filver. 
The fulminating cryftals w»'hen dry, appear to 
remain unaltered for a confiderable time, for 
Fourcroy relates that he has feen them explode 
with their ufual violence, after being kept for 
fome months unclifturbed. 

It appears probable that there are two or three 
varieties of this ammoniacal oxyd of filver, 
fuch as, the black powder which fubfidcs at 
firft when Icfs ammonia is a<ldcd to the oxyd 
of filver than wdll dilTolvc it, the fulminating 
cryftalline pellicle which firft feparates from 
the folution, and the black cryftals which fepa- 
rate when the folution is boiled. The firft of 
thefe, the black powder, is ftated by Dr. Hig- 
gins not to have a fulminating property, but the 
precife nature of thefe compounds has been but 
little examined. 

It requires confiderable care to fucceed in 
producing the fulminating filver. The metal 
mould be quite free from copper, the oxyd pro- 
duced by lime fliould be thoroughly edulco- 
rated, and efpecially the ammonia lliould be 
quite free from carbonic acid. Carbonat of 
ammonia docs indeed dillblve the oxyd of filver 
with fome effervefcence, owing to the efcape of 
part of the carbonic acid, but with the remainder 
a triple ammonkico carbonated oxyd of filver is 
formed, which will not fulminate. 

Several ferious accidents liiive happened in 
preparing this fulminating filver which fliew 
the necefiity of great precaution in tlie opera- 
tor, and as alt the circumftances in which the 
explofion is produced are not as yet known, 
he (hould on no account venture to prepare 
more than a few grains at a time of this dan- 
gerous compound. Dr. Higgins mixed toge- 
ther 24 grains of the oxyd of filver with a 
quarter of an ounce of 'water faturaied with 
ammoniacal gas in a corked bottle, which pro- 
duced a blue folution with the expulfion of 

> Toi». ^8, p. 36*. k 


fome gas, and without %the formation of any 
pellicle, and fix hours afterwards, on (baking 
the bottle to compleat the folution of a little 
blackened olyd which lay at the bottom, the 
whole exploded with cxceflive violence, the 
bottle was quite reduced to powder, and his 
hand was numbed as if witn the blow of a 
heavy hammer. In this cafe it appears probable 
that this unexpcfled explofion arofe, partly 
from ufing too concentrated a folution of am* 
monia, too large a quantity of filver, and e(^ 
pccially from (baking the contents of the bot- 
tle. Another accident is mentioned in the 
Journal de Phyfiqiic* where the preparation 
feems to have been condufted with perfedi 
prudence and accuracy, and an ammoniacal fo«* 
lution was made, which contained apparently 
about five grains of the fulminating cryftals^ 
but on dipping a card into it to take out th«2 
cryftals, the whole exploded with exceffive 
violence, which had nearly deprived the opera- 
tor of his fight. The only difference from the 
common way of operating in this cafe ap- 
peared to be that the cryftals were allowed to 
remain in the folution twenty-four hours after 
mixture, inftead of being taken out as foon as 
they appeared. 

It has been already mentioned that this ful- 
minating filver is alfo produced when murktt 
of filver is boiled with pure ammonia, and ex- 
plodes in the aft of formation, and hence arifes 
another precaution in applying artificial heat 
to any mixture of ammonia and oxyd of filver 
free from carbonic gas. 

Silver is capable of uniting wirfi fulphur in 
various proportions. Artificial fulphuretted 
filver is a black brittle mafs, like the native fut- 
phuret. The utmoft proportion of fulphur 
capable of uniting with filver is ftated by 
Wenzel*^ to be 13 of the former to 87 of the 
metal. Yet the following experiment by the 
late Mr. Alchorne, feems to (hew that the fil- 
ver does not cafily retain much more than half 
this quantity at a moderate red heat. Half an 
ounce (240 grains) of filver precipitated from 
the nitrat by copper was mixed with its own 
weight of fulphur, and put into a crucible with 
another inverted over it, and luted, leaving a 
fmall hole for the efcape of the fuperfluous 
fulphur. On applying a red heat, part of the 
fulphur efcapedand burned off at the hole. The 
fire was incrcafed to- a degree which was. 

t rudged fufiicient to melt the mafs within, and 
:ept up till the blue flame difappeared. When 
cold, a dark lead-coloured brittle button was 

Kirvan’f Mineralogy, vol. a. 
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ibund 'In the crucible, which was foft enough 
to be cut with the knife^ and exa£My rcfeinbled 
the vitreous filver ore. The filvcr had gained 
20 grs. or in weighty whence the proportion 
of mlphur in this artificial fulphuret is about 
7^7 grains in loo. 

A fulphurety or rather a hydro-fulphurct of 
filver is alfo formed whenever this metal is 
expofed to fulphureous vapoursy or any liquid 
containing fulphuretted hydrogen. After a 
certain time the fubilance of the metal is 
deeply fulphurettedy and may be detached in 
brittle fcalcs. But it takes a great length of 
time to efle£t this by mere expofurc to fulphu- 
reous vapours. 

Xhe fuperficial tarftj/bwg which filver plate 
undergoes when laid by for fomc time, or 
more fuddenly, when in conta£t with animal 
matters, is probably owing to this change, but 
it long remains only fuperficial. 

The inllant precipitation of a black hydro- 
fulphuret in all the falts of filver produced by 
the addition of a liquid fulphuret or gaiTcous 
fulphuretted hydrogen, has been already men- 
tioned. 

Silver unites with pliofphorus though weakly. 
Pelletier* obtained this phofphuret by mixing 
in a crucible half an ounce of filver in fine 
divifion, 2 drachms of powdered charcoal, and' 
an ounce of vitrified phofphoric acid, and giv- 
ing it a full heat for half an hour. On opening 
the crucible the fufion was compleat, and on 
cooling, many luminous jets of phofphorus 
came from the filver in the afl: of folidifying. 
The filver had gained a drachm in weight, had 
loll its dudtiliiy, had a granular and cryfiial- 
lized texture, and was brittle. It remained 
white, and foft enough to -be cut by the knife. 
When melted on a cupel the whole of the 
phofphorus burned off, and the filver remained 
pure. 

Some of the alloys of filver are important. 
This metal will unite wdtli fonie metals per- 
fedlly and without lofing its malleability 3 with 
others it forms a brittle white alloy, but with 
others it refufes to unite except in a very minute 
proportion. 

Silver mixed with gold, dilutes its yellow 
colour more or lefs according to its quantity."* 
Ciold with of filver is fcnfibly paler, and 
the debafement of colour proceeds pretty uni- 
formly as the filver is increafed. Thefe mix- 
tures are very malleable though fomewhat 
firmer, harder, and more fonorous than either 
xnetal fcparatdy. In this refpeCl, as in the 
r * Memoirei, ioai. x. 


colour, a little filver afFedls gold more than a 
little gold does filver. On account of the fu- 
perior price and the alteration of colour, filver 
is never intentionally alloyed with gold, but a 
large portion of the American filver naturally 
contains a fmall quantity of gold, wdiich re- 
mains as a fine black llime or fedimexit when 
the filver is difiblved in aqua fortis. 

liomberg mentions in the Memoires de 
I’Acad. dcs Sciences for 1713 a curious expe- 
riment to Ihew that in certain circumllances a 
reparation may take place between thefe two 
metals. He melted equal parts of gold and 
filver in a crucible with a little fea-falt and 
nitre for a quarter of an hour, and when cold, 
the gold was found at the bottom in one lump, 
but retaining about a fixth of filver, and above 
was the remainder of the filver in a feparate 
button quite pure. He obferves that this ex- 
periment only fucceeds with nearly equal 
quantities of the two metals, and with a fire 
not too long continued. If this be accurate, 
there appears a point of faturation of one me- 
tal with the other refpeftively, but the experi- 
ment has not been repeated, nor docs it agree 
with tliofc authors who aflert that the two 
metals produce an uniform alloy in any pro- 
portions. 

The curious efFefI: produced on filver by be- 
ing alloyed with platina has been already de- 
feribed under the article AJfayy p. 118, and 
that ot Pl<xUtia, 

Copper is the metal ufually employed to al- 
loy filver in the vail quantity of this metal ufed 
for coin and plate of all kinds. The ilandard 
filver of this country is conipofcd of eleven 
parts of filver and one of copper. In this pro- 
portion or even fomewhat more of the alloy, 
the mixture remains nearly as white as pure 
filver, but is much harder, lefs fufible, and 
though it remains highly malleable and du£lile 
ib as to bear being extended into any fliape, 
and wrought in a thoufand difFerent ways, it is 
certainly Jefs dii^lilc and malleable than a me- 
tal with lefs alloy, fince fuch a finer metal is 
required .to be ufed in making filver wire and 
leaf. On account of the liardnefs given by 
the copper alloy it is much better fitted to take 
a fine imprellion, and is therefore particularly 
ufeful in coining, and in all domellic imple- 
ments. 

An alloy of thefe two metals has been ufed 
in France for coinage for many years, and 
called ntonttaic de bU lofty in whicn the filver is 
from to 4 of the mafs, and which looks like 
LiCwU's Commerce of Arts, 
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hMf-wliitened copper, or degraded filver. Being 
on the whole an injudicious compound it is 
moftly now laid aHde. When (ilver and copper 
are in equal parts, the alloy is ftill very yellow, 
but may be united with about 4 or 5 per cent, of 
arfenic, and ftill remain very malleable, with the 
advantage of being much whitened by the mix- 
ture. Vauquclla^ has alfo found that a larger 
dofc of arfenic, does not increafe the whitenefs, 
but rapidly impairs the malleability, and when 
the arfenic amounts to 10 per cent, the alloy is 
fo harfti and brittle as not to bear laminating. 

Silver unites perfedtly with lead apparently 
in every proportion, into an uniform malleable 
mixture, harder and whiter, and Icfs fufible 
than pure lead, in proportion to the quantity of 
filver. UTiis mixture is formed in the procefs 
of EliqHation (already deferibed in this article) 
wlience it appears that the affinity of filver for 
lead is fuperior to that of filver for copper. 
The necellity of this alloy to the procefs of 
eupellation in affaybtg and in refining filver has 
been already mentioned. 

Silver and iron are generally reckoned en- 
tirely to refufc to unite in any proportions, and 
it is certain that when they are melted together, 
they form, on cooling, two perfectly diftin< 3 : 
and ieparablc buttons, the iron at top, and the 
filver beneath it. Yet a certain degree of alloy- 
ing takes place as is proved by the following 
curious experiment of Guyton on this fubjeCl.* 
Ill a crucible lined with charcoal, 15 parts of 
pure filver, reduced from luna cornea, were 
mixed with as much line iron filings, and a 
ilux compofed of glafs, charcoal dull:, and a 
little borax. This was kept for an hour in a 
heat of 150® to 155"^ IVtdgeivoody and on cool- 
ing, a button was found with fome traces of 
cryftallizatioii on the furface, but which fepa- 
rated moft accurately into two buttons of very 
ditlerent compofitioii. A part of tJie lower but- 
ton, diflblvcd in nitric acid, gave only a wliite 
precipitate, and not a blue one, with pruffiat 
of potafh, and appeared to be peife<illy pure 
fflver, but the metal was found to be pretty 
ftrongly magnetical, and therefore contained a 
very fmall portion of iron, wliich was elli- 
mated by Coulomb to bo about The up- 

per button, which appeared to be pure iron, 
was exceffively hard, very difficultly frangi- 
ble, and when diflblved in nitric acid gave a 
copious precipitate of luna cornea with fait, 
the quantity of which indicated an alloy of 
about tV of filver. 

Sliver unites with bifmuth, zinc, antimony, 

* An. Chim. tom. 39, p. 265. 


and fome other of the brittle metals, fbrmiAg|f 
brittle alloys which have not been much exa- 
amined, and are of little importance. 

The affinities of the oxyd of filver for the* 
different acids arc in the following order : thc" 
muriatic, oxalic, fulphuric, phofphoric, nitric^, 
arfenic, fluoric, tartareous, citric> acetic^ and 
carbonic. 

SILVERING, the Art of. 

Tills art confifts in covering the furface of 
fubftances with a thin coating of filver. There 
are two motives for this 5 in the firft place, 
thc fuperior beauty of filver to that of the 
cheaper metals; and in the fecond place its 
fuperior wholefomeqefs to copper, brafs, or 
lead, for culinary purpofes on account of its 
not being afted upon by vinegar and other 
weak acids. 

As an ornament, filver is far inferior to gold, 
from its great liability to be blackened by ful- 
phureous vapours, which renders frequent 
cleaning abfolutely neceflary ; hence it is inap- 
plicable to the purpofe of architedlural decora- 
tion, and is fcarccly ever applied except to 
utenfiJs and ornaments of metal. From the 
frequent neceflity of friftion for the purpofe 
of removing the tarnifh of filver it is necellary 
that it fhould be much thicker than the moft 
foHd gilding, otherwife, after a fliort time, the ' 
filver will be worn off the moft prominent 
parts, difcovcring to view the copper or brafs 
beneath. 

The only metals that are filvered are copper, 
brafs, and very rarely iron. 

There arc three modes of filvering, namely, 
by filver amalgam, by muriated filver, and by 
filver in fubftance. 

I . Slivering by amalgamation is thus per- 
formed r 

To a folutlon of nitrated filver add fome 
plates of copper which* will throw down the 
filver in its metallic ftate, and very finely di- 
vided ; ferape it from the furface of the copper, 
wafli it well and dry it. Of this powder t.ake 
half an ounce, of common fait and fal ammo- 
niac 2 ounces, and of corrofive fublimate one 
drachin, rub them well together, and make 
them into a pafle with a little water. Then 
take the veflel to be filvered, and clean it by 
means of a little very dilute aquafortis, or by 
fcouring it with a mixture of common fhit and 
tartar. When it is perfeftly clean, mbit with 
the above-mentioned pafle till it is entirely 
covered with a white metallic coating ; this 
coating is an amalgam produced by the de- 

* Ibid. tom. 43« 
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^raipolition^ oi the corroGve fublimate by 
means of the coppcri to the furface of which it 
applies werj cl^elv and expeditioufly. The 
copper being thus nlvered over is to be waflied^. 
dried, and afterwards heated nearly red, in 
order to drive off the mercury; the filver re- 
mains behind adhering firmly to the copper, and 
capable of being highly pohflied. 

2 . Siltiertfig by tuna cornea* 

Prepare the lima cornea in the ufual manner 
by pouring a folution of common fait into ni- 
trat of filver as long as any precipitation takes 
place, and boiling the mixture; the white 
curdy matter thus obtained is to be mixed with 
three parts of good pearl-afli, one part of 
waflied whiting, and fomewharmore than one 
part of common fait. The furface of the brafs 
being cleared from fcratches is to be rubbed 
with a piece of old lint and rotten ftone to re-^ 
move any greafe, and then is to be moiftened 
with fait and water, a little of the compofitioii 
being now rubbed on with the finger, the fur- 
face of the metal will prefently be covered with 
filver. Then wafli it well, rub it dry with foft 
rag, and as the coat of filver Is extremely thin, 
cover it with tranfparent varnifli to preferve it 
from tarnifti. This kind of filvering is very 
imperfeft, and is only ufed for the facea of 
clocks, the fcales of oarometers, and fimilar 
objects. 

3. Silvering by Silver in Suhjlance, 

There are three ways of performing this. 
The firft is by mixing together 20 grs. of filver 
precipitated by copper, 2 drachms of tartar, 2 
drachms of common fiilt, and a drachm of 
alum; this compofition being rubbed on a per- 
fectly clean furface of copper or brafs, will 
cover it with a thin coating of filver, which 
may afterwards be polifiicd with a piece of foft 
leather. 

A ftill better way is that which is called 
French plating, which confifts in burnifhing 
<lown upon the furface of the copper fuccellive 
layers of leaf-filver to any required thicknefs. 
la this the filver has much more foHdity than 
ill any of the former, but the procefs is tedious, 
and the junftures of the leaves of filver cannot 
always b^Pntirely concealed. 

The Englifh method of plating (in thofc 
works to which it is applicable) appears to be 
the beft fof all. It is thus performed: one of 
the furfaces of an ingot of copper is rendered 
quite fmooth and clean, and is fprinklcd over 
with glafs of borax ; upon this is laid a plate of 
fine filver, about Tf of the weight of the copper 
and thc'two^are carefully bound together by 


wire; the mafs is now expofeef fo a full red" 
heat which melts the borax and caufrs the Gi- 
ver to adhere to the copper ; the ingot is now 
pafied through a rolling prefs, and forinod into 
a plate; both the filver and copper extending 
uniformly during the whole procefs, at the 
conciufion of which the two metals are iiifc-- 
parably fixed to each other. 

SINOPl>E. See Jasper. 

SIZE. See Gelatin. 

SKIN. For the preparation of the (kin of 
animals for the purpofes^ of manufa£lure, fee 
the article Leather. 

SLAQ. Is a technical term ufcJ rifUong 
fmelters and workers in minerals, to exprefs 
any hard vitrefeent generally coloured and 
opake mafs; produced by the fufion of any 
ftony or metallic mixture. It generally con fills 
of the ganguc or matrix of the ore, together 
with any faline or earthy flux that may have 
been ufed. Thus the Jlag of iron founclerics is 
for the moft part compofed of the earthy part 
of the ore, of the lime ufed as a flux, and the 
whole deeply coloured with a part of the ox yd 
of iron which has efcaped reduflion. A J/ag 
dilFers from a fcoria in being more denfe and 
more complcatly vitrelied, whereas the fcoria 
or drofs is lightei* and porous. When the flag 
is very opake and heavy, it contains a confider- 
ble quantity of metallic oxyd fo that in im- 
proved fmelting works it is often worth while 
to work over again wdth frefh reducing matter 
the flags of former operations concluded lefs 
fkilfully. In fome parts the flag of founderics 
is broken into lumps, and ufed for mending 
roads, for which it makes an excellent material 
when a little worn down, being very hard, and 
impenetrable by water. 

' SLA'rE. See Thonscmiefer. 

SMAUr. See Cobalt. 

SMARAGD. See Emerald. 

SMELTING, Schmeltxungj Germ, is the 
reduflion of metallic ores and fulion of metals 
ill the large way. 

SOAP. * Ssife^ Germ. Savon, Fr. 

A foap may perhaps be defined to be a che- 
mical union lof any oily w'ith any faline matter 
whereby the oil acquires a folubility in menftrua 
with which it naturally refufes to unite. 

In this extended fenfe many compounds are 
called faponaccGUS or fcapy which arc natural or 
artificial mixtures of the faline and the oily or 
refinous ; thus bile is termed a faponaceous 
fluid becaufe it contains a natural refin and an 
alkali in intimate union, and mifcible to v^ny 
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extent Mrith water. Adipocire likcwife is a fapo- 
'naceous fubftance^ being, diffufibl^ in -water, and 
to a certain degree foluble in it by means of the 
ammonia united to the oily matter. Milk on 
the other hand is not faponaccous though it 
contains an oil difFufed in a watery ferum, as 
the intermede by which this is efFe£ted is (to 
all appearance) not faline, but albuminous and 
infipiii. 

15 ut the term fo/jp is in common language 
rellri^led 'to that combination of oil with alkali 
whijfh is extenfively ufed for domeftic and 
nianufiifturing puipofes. 

The materials ufed in foap making are, oil 
of any kind, vegetable or animal, and fixed 
alkali, cither foda or potafh. Thefc (that is, 
oil and alkali,) enter into the compofition of 
every foap, and befides, lime is cflential to give 
the alkali the requifite degree of cauftlcitv : 
common fait is alfo employed in moft of the 
potafh-foaps, for a purpofe which will be after* 
wards mentioned. 

The general procefs for foap-making is on 
the whole very fimple, and confifts, firft in 
making a cauftic or .partly cauftic ley with the 
alkali and lime 5 next of boiling the ley with the 
oil till they are perfeflly united into a fmooth 
uniform foap; and laftly of drying the foap till 
it is become of a proper confiftence for ufe. 
But though the general procefs is fimple, and 
iuccefs to a certain degree may be infured by 
any one who puts the proper ingredients to- 
gether in the plivinell manner, there are a 
conliderable number of precautions and many 
minute attentions required to make the beft and 
inoft perfect article with the greatefl: economy- 
Muft of thefe are only to be learnt by praftical 
experience, but it will be proper in this place 
to enlarge upon the dilFercnt Heps and varieties 
of tliis very important manufadlure. 

The fimplelt, and on the whole the mod 
beautiful foap, is the fine white foap prepared 
from olive oil and foda, extradled from the beft 
l^arilla, which is manufadlured very largely in 
the countries where the olive grows, efpecially 
in the South of France, (for which Marfeilies 
is the moll celebrated) in fome parts of Italy, 
and in Tripoli, which laft is often of excellent 
<|uality and cheap, and is largely imported into 
various parts of Europe. A fimilar, but more 
expenfive foap is made of foda and oil of al- 
monds, for medicinal purpofes. What is called 
in this country Wtftdfor foap is of this kind, 
with cither of tlic above mentioned oils. 

But the common foaps ufed in England are 


made, as to the oil, principally of tallow and 
any other candle or kitchen greafe, and as to 
the alkali,' of potalh, pearlalh, and other kinds 
of the vegetable alkali, with or without a 
mixture of barilla, according to the price of the 
latter; and«on account of the peculiar ufe of 
common fait in mod of them', the procefs is 
fomewhat more complisatcd. The ordinary 
yelIo%u foap alfo difiers from the •white^ in con- 
taining a portion of Tofin, and fometimes alfo 
is feented with palm oil. 

We -fliall 'firft deferibe the method of making 
the white olive oil foap, which with fome little 
variations is pra^Iifed at Marfeilies, and other 
parts of France. 

To make about 1000 lbs. of this foap the 
materials requifite are 560 lbs. of good barilla, 
600 lbs. of olive oil, (of which the inferior 
forts are ufed, and anfwer full as well) and 100 
lbs. of quicklime. The barilla being firft 
broken down in a mill to a coarfe powder, and 
the lime flacked with a little water and lifted^ 
they are ftirred together and put into a vat with 
a perforated bottom, and covered a few inches 
with water, to extraft the alkali. In two or 
three days the ftop-cock at the bottom of the 
vat is opened, and a clear, nearly cauftic, llrong 
ley of foda is drawn off. It (hould be fo much 
concentrated that a frefli egg will fwim in it, 
and is about of that fpecific gravity that eleven 
drams of it in weight will only fill a bottle 
which would contain an ounce or eight drams 
of water. When all this ley is drawn off, the 
cock is turned, frefli water is poured on the 
materials, and after ftanding for fome hours 
the ley is dit;wn off as before. This fecond ley 
is ft ill very alkaline, but much weaker than the 
firft. A third ley is generally prepared in the 
fame way, which is ftill weaker. The materials, 
which are now exhaufted of their alkali and 
confiit of carbonat of lime with the impurities 
of the barilla, are ufed as manure. 

The oil is then poured into the boiler (which 
is a large copper vcffel, fet in brick work, and 
heated by a nirnace under its bottom ) and with 
it the third or weakeft ley, and the fire is 
kindled and raifed till the liquor begins to boil. 
The materials are conftantly ftirred to haltcn the 
union between the oil and the alkali, »and the reft 
of the third and the fecond leys are added 
gradually. As foon as the liquor in the boiler 
begins to get hot it turns milky, and after fome 
hours boiling will be found to become more 
tenacious and thicker. Then a fmall portion of 
the firft or ftrongeft ley is thrown in, and this 
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iddition IS coiitihued at intervals during the fubje£l by Pelletier, Dnrcet, and LclicVr<?r 
boiling till the greater part of it is ufed, but feme above quoted, 3 lbs. of oil will make 5 lbs. ot 
muft be referved to finifli the operation. The foap^ of the proper degree of drynefs for ufe, 
liquor becomes more and more tenacious, and but it continues to lofc weight by keepingt lb 
the tough faponaccous part begins to feparate that wlien quite dry the above quantity is 
from the clear watery liquid below/ This is a reduced to little more than 4 lbs. On tlio 
lign that the procels is going on well, and the other hand when kept damp or ufed too loon,, 
boiling is continued till the whole contents of more than twice this wdght may be made of 
the copper are vifibly feparated into two parts, the fame materials. 

the tenacious white foapy mafs above, and the * Such is the ufual way of making this kind of 
clear liquor below. Wnen this is compleat^ foap, which confifts of a gradual incorporation 
fometimes it is the cuflom to ftir in with poles a of the oil with the alkali by the affilliiiice of 
few pounds of common fait, which Hill further heat, beginning with a - weaker Icy and con- 
promotes this fcparation/ and gives the foapy eluding with the ftronger. It is faid however that 
mafs a pally or granular conliftence: but this fome of the Marfeilles nianufa£turcrs ufe the 
addition ("which is eflential in the potafli foaps) whole alkali at once, andfucceed very well in this 
is not necellary in thofe with foda, and may be way; nor is it eafy to fay why this gratliiatcd 
omitted. The fire is then drawn, and the ftrength of alkali and thefe repeated interruptions 
contents of the boiler allowed to remain at reft of the procefs during the coolings and fcttlings 
for fome hours that the foap maycolle£t more are required, and why it might not all be made 
compleatly, after which a cock is opened at economically by one continued boiling. Never- 
the bottom of the boiler, and the clear liquor thclefs, the interruptetl method fecn'is to be that 
drawn off- This latter is coloured and is now which is by much tlie moft commonly ufed, and 
no longer cauftic, but as it ftill contains feme probably experience would prove its utility iti 
alkali, it is mixed with the weaker leys and the large w»y. 

frefli lime, and referveti for future boilings^ It is not effential to employ liieat in producing: 
To the ftiff foapy paftc left in the boiler a little a good foap, for the union between the oil and 
water or weak ley is then added, and the fire alkali will be perfcfl by a fufficient length of 
lit again, and when it has become fluid the time of digeftion if the Icy be llrong enough, 
referved part of the firft Icy is added, and the Thus a very pure foap is fometimes maJe^ for 
whole brought to boiling. The foap being now medicinal purpofes in the following way:*^ mix 
nearly perfcfl, final 1 portions of it are taken out in a marble mortar or any veflel not metallic, 
with a trowel and let to cool on a bit of flate, any quantity of olive oil with half its weight of 
ami by the degree of ftiffnefs which it takes a Itrong ley of cauftic foila. Tlie oil fliould be 
when cold the experienced workman judges previoully melted in cafe it has become clotted 
wdien it is boiled enough. If it flill flicks to by age. Stir them well together and they will 
tlie fingers and does not appear ftiff enough, immediately unite into a thick white mafs, and 
more ley muft be added, and the boiling con- continue the ftirring for fome minutes fevcral 
tinued till it is brought to the proper Hate, times a day for about a week, or till the foap is 
The fire is then again taken out and the clear ftiff enough to be put into wootlcn frames in 
liquor drawn off as before after remaining at the ufual way. Let it remain in the frames for 
reft for a few hours. The fire is then again three or four days till it has confidcrablv Ijard- 
raifed, and the foap is again melted with a cned, and then cut it in flices and expofe it to *i 
little water to wafli out the adhering alkali, free current of air in a dry room till it is 
after which it is allowed to cool till it is fit compleat. This foap has at firft a very llrong 
to be taken out and framed. The frames are lixivia! fmell, and a violently acrid taftc, both 
wooden troughs witli a moveable bottom, into of whicli go off by expofure to the air, but it 
which the foap is poured while ftill fluid, and takes nearly a month before the talle is mild 
allowed to remain for three or four days till it or merely faponaccous. 

is ftiff enough to be handled without finking in. Before we dcfcribc tlie manufacture of the 
The foap is then taken out and cut into long other kinds of foap we may give in a few words 
oblong flices with a brafs wire, and kept for the refults of a feries of valuable, and apparent^ 
fome time in an airy room till it has become of ly accurate, comparative experiments on the 
the rcquifitc hardnefs, and is then fit for fale. foaps made with foda and a vaiiety . of oily 
According to tlie valuable memoirs on this fubilances, wliich were undertaken by Pelktie!: 

^ Beamne. 
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ond h’ls colleagues. The quantity of the oily 
lubdance in each inftance was 3 lbs. and the 
jtictliud purfued was nearly that which has been 
tlefcribcd as followed in the large way. 

Oll^e Oil. 3 lbs. (avoirdupois) of this oil 
produced 5 lbs. of pure white foap in that ftate 
of dryiiefs as to be fit for fale. After keeping 
for two months it loft an ounce more in weight, 
and was then quite dry, hard, and of an agree- 
able fmell. 

Oil of Almonds. 3 lbs. of this oil gave an 
excellent foap in every refpedS: equal to the 
former, but after two months weighing only 
4l lbs. 

Suet. The animal fats are much lefs ufed in 
ViMiice for foap-making than in this country, 
but tlie foap which they give is in every refpedt 
•AvS good as that from olive oil. 'fhe precaution 
ufed in oil foap-making of employing the weaker 
Icy at firft, and gradually proceeding to the 
ftrongcr, was not found neceffary in this cafe« 
3 lbs. of fiiet gave 5 lbs., of perfecbly hard foap 
after keeping for three months and a half in a 
dry place. 

Lard. 3 lbs. of lard gave 4 lbs. 14 oz. of dry 
hard foap after keeping for three months. In 
this and the former experiment the fpent ley 
which feparated from the foap, contained a 
(]uantity of animal gelatine. 

Rancid Butter. A quantity of ftale fait 
butter was boiled with water to extrafl the fait, 
after -wluch 3 lbs. of it were weighed out and 
treated with foda in the ufiial manner. From 
tlie above quantity a w’hite foap was obtained 
with eafe, which the day after it was made 
weighed 1 1 lbs. and Hi II retained fomc of the 
bad fmell of the butter, and oh keeping for two 
^lonths it ftill weighed 7 lbs. 

Horfe Oil. A good deal of greafe is pre- 
pared near Paris from horfe flcfli, by boiling. 
Of tliis, ^ Jbs. gave 5 lbs. of good hard foap 
without any unpleafant fmell, after beeping for 
two months. 

Colcfeed Oil. Colefeed, hempfeed, Hnfeed, 
rape, and many other common vegetable oils 
liave a ftrong unpleafant fmell and tafte, fo as 
not to be ufed in food, but they are employed 
largely in the ftate of oil for feveral purpofes of 
nianufaifturc. In general tliey are not much 
ufed for tlic hard foaps with foda, but a good 
do.il of foft foap is made of them in Flanders 
aii<i Holland, with pcarl-aflies, as will be pre- 
fentiy mentioned. In the abo\'c experiments 
they gave the following refults. 

3 lbs. of colefeed oil treated as above with foda 
gayc on coniing out of the frame^ only 5 lbs. of 


foap, which was yellowifh grey, and ftill finell^. 
ftrongly of the oil. On keeping for threq 
months it wa» reduced to 3 lbs. 12 oz. and waa 
tolerably hard, but by no means equal in this 
refpe£f to olive oil, kept the faitie length of time* 

Rape Oil, 3 lbs. of this oil gave alfo a 
yellowifli grey foap, which after keeping for 
three months gave 4 ^ lbs. of a good foap, 
fuificiently hard. 

Beech^maji Oil, 3 Ibs. of this oil gave a grey 
ftrong fraelling foap, which after three months, 
weighed 4 lbs. 10 oz. and was ftill pafty, and 
ftuck to the fingers. This oil therefore can 
only be ufod in mixture witli others that give a 
harder foap. 

Hempfeed Oil, This is one of the moft 
valued oils for the foft foaps, but wdll not an- 
fwer for the hard. 3 lbs. gave after due boiling, 
a green foft faponaceous mafs, which became 
pafty on any addition of water. After two 
months it weighed 4f lbs. and hardened a little, 
but not fulliciently to be ufed in common 
wafliing. 

Littfeed Oil, a lbs. of this gave 5 lbs, of foap 
on coming out of the frames, which was greafy, 
pafty, and adhefive, with a very ftrong fmell, and 
foftened fpeeclily on any addition of water. In 
two months it loft half a pound of its weight, 
but remained pafty and adhefive. 

JVhale Oil, This, and other kinds of fifli oil, 
unites fufliciently well with foda, and forms a 
deep red-brown foap of tolerably hard con- 
fiftcnce; but this foap has the inconveniences 
of long retaining the offenfive fmell of the oil, 
and being too readily foftened by water, which 
unfit it for domeftic purpofes, though it may 
be ufed in bleacheries, &c. where the fmell 
may be dilfipated by long expofure to air. 3 
lbs. of this oil gave 4^ lbs. of foap, after keep- 
ing for two months. Ling and feal oil foap 
have nearly the fame properties and incon- 
veniences. 

All the above experiments were repeated 
with the cryftallizcd carbonat of foda inftead 
of the barilla of commerce, which was em- 
ployed in the firft fet of experiments, and the 
refpeftive refults fo nearly agreed with the 
former that Ja particular enumeration of them is 
needlefs. In thefc latter 3 lbs. of carbonat of 
foda, rendered cauftic by i lb. of lime, were 
ufed for 3 Ibs. of the oil; but in manufaifturing 
in the large way the experimenters conceive 
that 80 parts of the alkali would be fufficient 
for TOO of the oil. 

The olive oil,* Marfeilles, and other foapa 
are fometimes artificially marbled or ftreaked 
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itliroughout their whole fubllance with red or 
blue veins. This foap is harder than the white 
foap of the fame materials becaufe it requires 
to be dried to a greater degree to take the mar« 
bling. This is performed by adding to the 
foap» as foon as it is com.plcatly made and fe« 
parated from the fpent ley, a frefh quantity of 
ley and immediately after a folution of fulphat 
of iron. A decompofition between the two 
takes place, ^nd a black oxyd of iron is fepa- 
rated which is entangled within the liquid 
foap. The boiler is then cooled, and the ley 
which fettles is drawn off', after which the foap 
is again melted. A workman then ftands over 
the boiler and ftirs the foap with a wooden in- 
ilrument whilfl: another throws in at intervals a 
quantity of colocothar or brown re<l oxyd of 
iron, ground up with water into an uniform 
liquid. This difufes both the oxyds through 
the foap, which is then cooled and framed. 
There appears to be feme manual dexterity 
•required in ftirring thefe ingredients together, 
lb as to difFufe the marbling fufHciently through 
the mafs without mixing it coinpleatly. 

All the foaps which we have hitherto mcn- 
>tioned are made with foda in one form or 
other, which alkali appears too to have been of 
the mod antient ufe in foap-making ; but there 
is another fpecies in which the foie alkali is the 
vegetable in the form of pearl-aOi, pot-<ifhes, 
wood-aihes, and the like, and in which no 
common fait is employed. Thefe potafli foaps 
differ effcntially from the others in remaining 
always foft and pafty however long they are 
kept. .On this account they are not employed 
in common domeftic ufes, but are chiefly ufed 
in fcouring wool and other purpofes of manu- 
faflure. However as they are perfe£l: foaps, 
and entirely folublc in water, they may be par- 
tially employed in rendering water foapy for 
any purpofe of cleanfing. 

Soft foap is always coloured, generally of a 
brown or deep green, which however only de- 
pends on the nature of the oil ufed, for with 
olive oil it is white. It is much ftrongcr and 
more acrid than the hard foaps, but in other 
•refpefts it has the fame chemical properties. 
The confidence iliould be that of a tenacious 
pade or glue even in the hotted dimmer, and 
it ihould melt readily in water forming a white 
and light froth. 'Ine mode of manurafture of 
this foap differs in this efiential particular from 
the other, that no feparation takes place be- 
tween the foap and the fpent ley as in the foda 


foaps, but fhe whole contents of the boiler after 
fufficient boiling and evaporation are converted 
into foap; neither is there any of the procefs 
of framing and drying. A good deal of prac- 
tical skill alfo (more than can be learnt from 
books) feems to be I'equired in producing the 
proper union between the oil and alkali, and 
the procefs appears liable to fudden and often 
unaccountable failures, from the refufal of the 
materials to unite witli fufficient intimacy, or 
from their difunion after liaving already com* 
binod. 

The manufafturc of the bed foft foap in 
Flanders and Picardy is thus deferibed.® The 
oils ufed in thefe works are linfeed, hemp, 
poppy, colefecd, and rape. Of thefe the tw'O 
lad are the cheaped and lead edeemed. Fifli 
oil alfo anfwers perfeftly well, but the ofienfive 
fmell of the foap made from it is fo permanent 
that its ufe is forbidden. The alk*ali is gene- 
rally Dantzic, or RulFian pcarl-adi which is 
mixed with lime and lixiviated, till a Icy drong 
cftiough to bear an egg is obtained, and only 
one degree of llrcngth is ufed except referving 
a weaker ley for occafional dilution of the in- 
gredients. The boilers are the fame as for 
hard foap, and fliould not be filled more than 
half-full, on account of the great rifing of the 
contents w^hild they are incorporating. The 
proportions of the materials arc on an average 
about 30 parts of oil to 40 of drong Icy, which 
yield about 65 parts of foap. The manage- 
ment of the boiling and gradual addition of the 
ley to the oil require confiderable attention, 
and if It has fucceeded properly, the oil and 
alkali unite intowi uniform gluey faponaceoua 
mafs, after which the boiling is continued till 
enough of the watery part has evaporated to 
leave the remainder of the proper confidence 
when cold, which is known to be the cafe 
when a famplc taken out and cooled does not 
dick to the fingers and draw out in threads, but 
remains brown, fomewlvat difF, and granulated. 
The boiler is then entirely emptied, and the 
foap is barrelled for fale. 

When tjie boiling has not been continued 
long enough, the foap is apt to ferment, and 
fpoil by keeping. 

Soap is manufadlured in this country princi- 
pally from tallow or any other fat ; and the al- 
kali employed is either barilla or pearl-aih, or a 
mixture of the two, according to the price and 
practice of the manufacturer. Qut as potafli 
alone will not make .a diff foap, recourfe is 
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had to the adion of common faltf which, 
when added after the potafh and oil are united, 
produces a reparation of the compound from 
the water incorporated with it, hardens it, and 
renders it equal to the foda fbaps. 

The following is the ufual method of mak^ 
ing the common white and yellow foap ufed 
in dunieilic purpofes.^ 

White hard foap is generally made with 
three feparate charges of ley. The potalh 
(fuppofing this to be the alkali) is previoufly 
dilTolved with water in a fmall boiler with a 
little fire, and the folution is poured over a vat 
containing common wood-allies mixed with 
lime, which makes the firll and ilrongeft Icy. 

As foot! as this has run off the allies are 
turned, more lime is added, and water is 
pumped on, which forms the fecond or weak 
ley. The large boiler is then charged with the 
tallow, and about two-thirds of the ftrong ley 
being added, a moderate fire is kept up to in- 
corporate the materials, which is known by 
their running into a ftiff glue. If this docs 
not take place in about 7 hours fwith 29 cwt. 
of tallow in the boiler) more alkali, mud bo 
added. The tallow is then kil/ed or faturated, 
and the fire is drawn and the materials allowed 
to remain at red for a fliort time. Common 
fait is then thrown in, and dirred up with long, 
poles till it is thoroughly incorporated, and till 
the matter changes from- a dark coloured glue 
to a thin foapy lubdance. A brisk fire is tlien 
made, and the materials boiled for a few mi- 
nutes, when the fire is again drawn, and the 
materials in the boiler allowed to fettle for an 
hour and a half, during, w’hich the fpeiit lees 
fink to. the bottom of the boiler, and are 
pumped ofF. The fecond operation begins 
'ivitli raiGtig the fire and adding to tlie foapy 
mafs the weak» ley, which is to be managed tJie 
fame as at fird and again brings it to the date 
of a glue, which st very little fait will redore 
to the faponaceous date, and after boiling and* 
cooling the fecond lees are pumped off. In the 
third operation the third part of the drong ley 
which was referved is added, which as before, 
changes the mafs to a thick glue, that mud be 
grained with fait as before. 

The contents are then boiled drongly for 
tlircc hours, more or Jefs, till by taking fam- 
ples occafionally with a trowel, the foap feels 
lulRciently hard and dry to the touch, and 
the ley will be feen to run quite clear from the 
foap on the trowel, leaving this latter in round 
lumps. The boil of foap is then finiilicd by 


pumping ofF the fpent ley, and feraping ofF at 
quantity of light froth from the top of the 
ioapk The fo^ is then fit for framing, which 
is a perfeAly fimple procefs, and has already 
been deferibed. 

With regard to the proportion of ingredU 
ents, it is reckoned that 10 .buihels of good 
wood-afhes are equal in alkali to i cwt. ot the 
bed pearl-a(h, and that this latter quantity will 
faturatc 2 cwt. of tallow, and produce 3 cwt.. 
i qr. of foap, fo that 12 parts of tallow will 
make 20 of foap. Alfo, 1 2 buftiels of wood- 
aflies are reckoned equal to i cwt. of barilla, 
and the latter quantity will faturate i } cwt. of 
tallow. A boil of 29 cwt. of tallow with 
10 cwt. of barilla, and 5 cwt. of pearlafh (as 
thefe alkalies are often niixed^ requires about 
8 cwt. of common falt« 

Common fait appears to have two didin£t 
ufes in foap-making^ one is, that of promoting 
the graifihtg or reparation- of the foap from the 
fpent ley, which it does probably (imply by ab-^ 
dnuSling the watery part. In this way it is of 
as much ufe in the foda as the potaih foaps^ 
and in each it confiderably hadens the procefs ; 
but it is by no means eflential, and on account 
of its high price appears to be leldom ufed,. 
where barilla or foda is tlie foie alkali. But* 
where a large portion of the alkali is potafli,. 
tlie foap would remain in the date of a foft 
pady mafs (as we have already feen) and 
ally does fo, till the addition of common falt^ 
which then brings the foap to the fame date as 
tlie Ibda foaps.. 

It is therefore probable,, as fuggeded by. 
Pelletier, that in. thefe cafes a double decom- 
poiition takes place between the oil and potafh 
on the one hand, and the muriatic acid and 
foda on the other, ami that the produfis of 
this change of principles are a foap with oil. 
and foda, and muriat of potafii in the mother 
liquor. 

To illudrate this, the fame ingenious che* 
mid made the following .experiments: 3 lbs., 
of olive oil were boiled with a potafh ley fol- 
lowing the fame precife* procefs as that already 
deferibed for the foda foap with this oil, and the 
refuk was a fbft foap of the confidence of but- 
ter weighing 8 lbs. On the other hand 6 lbs. 
of common fait were diflblvcd in fufficient 
water and tills folution was added by degrees 
to the ibft foap again made fluid by boiling; 
After keeping up the fire for two hours, the 
whole was cooled, and a very folid foap col- 
lected at tlie furface which was again meked; 
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i»i£h water to wafli out the adhering falt^ and ceous fluid, and forms with it a triple coin- 
then framed in the ufual manner. After two pound of oil, alkali, and carbonic acid, which 
mon^s it weighed only 5 lbs. and was hard, conftitute's hard foap. In the preparation of 
white, and of an agreeable fmell. The fame foap without heat he further fuppofes that| part, 
experinient was repeated with (imilar refults, if not all, of the carbonic acid may be fumiflied 
employing the fulphat of foda inftead of the by the atmofphere, which will account for the 
muriat. length of time required before the foap made 

It is rather Angular however that this accu- in this way will harden and fcparate from the 
rate chemift did not (as appears) examine the Icy. 

(pent ley to difcover in it the potafli, which he He alfo gives the following experiments : 
nippofes to be difplaccd from the (irft foap. Four ounces of cauftic foda ley were mixed, 
but the experiment may eafily be made. A without heat, with eight ounces of oil of al- 
iimilar trial was alfo made with 3 lbs. of fuet monds, and with frequent ftirring, but it was 
and potafli, which after the addition of com- not till after many days, that the foap began to 
mon fait, gave a hard foap, weighing, in two harden. On the other hand 4 oz. of the fame 
months time, about 6 lbs. ley, 8 oz. of oil, and 4 oz. of water (lightly 

The common yellow foaps are made in this carbonated, were mixed together ; the corn- 
country with tallow and barilla, to which, after pound foon began to fliflen, in a quarter of an 
faponifleation, is added a quantity of rofin, and hour it had acquired the confidence of an oint- 
fometimes a very little palm-oil. ment, and in 12 hours it was hard enough for 

The tallow is fird compleatly faturated with ufe. Alfo 4 oz. of the ley were mixed with 
the ley till the clear liquor, which is drawn off 8 oz. of the oil previoufly aerated with carbonic 
after due boiling, is nearly as alkaline as when acid, and here too the foap became folid much 
added, after which the rofln is melted in, and fooner than in the fird indance, though later 
thoroughly incorporated. than in the fecond experiment. If it be ob- 

*^rhe following gives a good yellow foap, jcftcd to this opinion of the neceffity of car- 
viz. 25 enjof. of tallow, 4J c%vt, ot oil, 7 bonic acid to hard foap, that a carbonated al- 

of rofin, 18 enut* of barilla j and 10 rw/. of kali will not make foap, the aiiSior brings the 
black afhes (or wade ley evaporated and cal- analogy of calcareous cements or mortar; for 
ciiied) and \ civt. of palm oil. The produce fand and carbonat of lime will not cohere into 
is about 64 cwt. of yellow foap. a mortar, but when the combination between 

In the preparation of all the hard foaps, a fand and quicklime is once made, the itulura- 
feparation of the foap from the watery faline tion is much hadeiied by adding carbonated 
folution always takes place towards the end of water. 

the procefs, and it is this reparation which I'o this ingenious hypothefis however w'c 
enables the artid to colle£b and dry the (bap. may objefl that there is no proof brought that 
But tlic quedion occurs, how this reparation foap a^uaily contains carbonic acid, and the 
takes place ; for the liquor from which it contrary may be inferred from its not efler- 
feparates is dill alkaline, often very drongly fo, vefeing with a drongcr acid, fo that the analogy 
and if the fame foap, after it is fully prepared with calcareous, mortar is defective in the molt 
and dry, is rediflblved in an alkaline liquor, it eflential point. To afeertain the prccife a£tii»ii 
will mix with it uniformly into a white fapona- of the alkali on oils, it will alfo be neceflary to 
ceous fluid. examine the fpent ley, wliich appears to contain 

Pelletier^ has endeavoured to fliew by fome what alkali remains in it, in a much more 
ingenious reafoning, and by experiment, tliat carbonated date than the frelh ley; fo that 
carbonic acid is an eflential ingredient in the indcad of' fuppofing that the foap contains 
hard foaps, and from the fa£l that caudic alkali carbonic acid, we might with as much proba- 
will decompofe alcohol, and become more or bility conje£lure that in the procefs a part of 
lefs carbonated by the carbonic acid, which is the alkali becomes to a certain degree car- 
thcreby generated, {for ivhich fee the article bonated at the cxpence of the other, and that it 
Potajh) he infers that during foap-boiling, the is the latter portion, or the pure alkali, which 
pure alkali and oil fird unite into a faponace- unites with the oil into foap, whild the former 
ous mafs, during which he fuppofes that part feparates from it through the aflidance of its 
of the oil is decofnpofed, and furniflies car- carbonic acid. Tliis would perhaps explain 
bonic acid, which then unites w^th the fapona- equally well the action of carbonated water in 

• Mcmoiri dc Pelletier, tom. z. 
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haftening the reparation of the foap from the 
remaining ley, but much remains to be done by 
the.fcientiHc chcmift in illuftrating this very 

important manufa£lure« 

«> * # 

The chemical properties of every alkaline 
foap are the following: when wetted, it fwclls, 
foftens, and ablbrbs a largo quantity of water, 
and if more is added it diffolves therein, making 
a Iblution which at firft is Ibmewhat opalefcent 
or grey but by repofe becomes clear. Soap- 
water when agitated forms a large quantity of 
white frothy bubbles which remain for a con- 
lulcrabie time before they burll, and may be 
Jnflated to a vafl: bulk, as is feen in the conimon 
amufement of blowing Ibap-bubbles. Hot 
water diffolves foap more rapidly and in larger 
proportion than cold. Soap wi.l keep in a dry 
place for a great length of time unaltered, but 
when damp, a part of the alkali gradually 
feparates and appears on the furface as a faline 
efHorefcence of carbonat of foda. Diffilled 
per fe^ it yields moft of its oil tolerably pure, 
after which the refidue bhickcns, exhales a fetid 
fmell and black fmokc, and finally the alkali 
alone is left in a carbonated ft ate. 

Soap is alfo folublc in alcohol. 

The folution of foap is dceompofed by all the 
acids, which curdle it, or feparate the oil in the 
form of white lumps. An excels of acid rc- 
diffolves the curd, and the oil is transferred to the 
acid, but on boiling this folution, the oil fepa- 
rates entirely, and rifes to the furface. '1 he 
folution is alfo curilled by lime, barytic or 
ftrontian water, and in this cafe the curd 
confirts cjf the oil united with the eartli and 
concreted by this union. All the foluble falts 
of thefe and the other earthy bafes equally 
dccompofc foap- water, and form a curdy preci- 
pitate, which is the rcafon why hard water, that 
always contains fulphat of lime, and often other 
earthy falts, immediately curdles foap inftead of 
forming an uniform folution. The metallic 
falts alfo produce the fame elFc£l, and a com- 
bination of the 0x1 and metallic oxyil is produced. 

Thefe feveral decompolitions have been exa- 
mined by Bcrthollet.*^ The oleo-calcarcous 
curdy precipitate formed by adding a folution of 
foap to lime-water, is not altered by cauftic al- 
kali, which proves that oil has a ftronger affinity 
with lime than with alkali, but if a carbonated 
alkali is ufed, the oleo-calcareous compound is 
decompofed, the lime becomes carbonated, and 
feparates, and the alkali goes to the oil. This 
alfo affords another prefumptive argument a- 


f |ainft the exlftence of carbonic acid in common > 
oap. Am'monia has no more efFecl on the oleo- 
calcareous compound than the fixed alkalies have, . 
but if carbonated ammonia is digefted with it, 
carbonated lime is produced, . and the ammonia 
and oil unite compleatly. If this latter folution 
is evaporated, a foap remains^ which is more 
pungent- than common foap, is largely, foluble 
in alcohol, but iinperfc£Hy fo in water. A 
(iniilar ammoniacal foap is formed, and fepa- 
rates immediately in white curds by adding a 
folution of common foap to muriated ammonia.- 
It has been mentioned that all the earthy 
falts dccompofc foap. With Epfom fait an 
oleo-magnefian precipitate is formed which is 
un^luous, dries with difficulty, is infoluble in 
boiling water, but eafily diffolves in alcohol or 
expreffed oil. In a moderate heat it melts into 
a yellowifh tranfparent mafs. 

An olco-aluminous compound is formed by 
adding alum to a folution of common foap. 
This forms a foft flexible mafs, which preferves 
its fupplenefs in drying, and is fcarcely foluble 
in water, alcohol, or oil. 

The fame excellent chemift examined feveral 
of the oleo-metalUc compounds formed by add- 
ing a folution of foap to the metallic folutions. 
With corrolive fiiblimate a quantity of fmall 
coagula were produced, and more readily witli 
iiitrat of mercury. TJiis combination is vifeid, 
dries with difficulty, diftblvcs in oil and alcohol. 

It becomes of a deep ftatc colour by expofure to 
the air, and readily foftens by heat. 

Sulphat of zinc decompofed by foap gave a 
yellowifh white compound j the nitro-muriat 
one of a dull leaden colour. 

Nitro-muriat of tin gave a white compound, 
which diftered from all the others in not being 
fufible by heat, owing to die quantity of me- 
tallic oxyd which it contained. 

The falts of iron give a redd ifli -brown oily 
compound, very tenacious and eafily fufible. 
It is readily foluble in oil and oil of turpentine. 

Sulphat of copper gives a copious green 
mafs refinous in appearance, which becomes 
brittle on drying. Digefted in alcohol its colour 
deepens, but it docs not diffolve except with 
heat. Ether much improves the colour and 
diffolves a portion. This compound is readily 
and largely folublc in oils to which it gives a. 
green colour. 

Acetite of lead gives a white tenacious mafs, 
very adhefive when heated, and refembling 
diachylon, which is a dire(ft combination u£ 
oil and litharge. 


^ Mem. dcTiVcad. for z;$o. 
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The author adds a few general remarks on mortar^ or on a porphyry ftone, any quantity of 
thefe combinations. The expreiled oils did not dry carbonat of potafti, add to it gradually 
appear to dilTolve the compound of oil with lime twice or thrice its weight of oil of turpentine^ 
or alumine. Alcohol diilblves fome of the olco- and rub them together till the mixture has the 
metallic compounds without heat, others require confiftence of a loft extraft; tlien put it into a 
heating; but in all cafes it diflblvcs lefs of them glafs cucurbit and fet it (at reft) in a damp 
than oil of turpentine does. place, during which the mixture abiorbs much 

Some of thefe were calcined, to determine moifture from the air, and refolves itfclf into 
the quantity of earth or metallic oxyd left after three portions, the lowcft of whicl^is a watery 
the oil was burnt o(F, whence fomc idea may iblution of the alkali, the middle is the foap* 
be formed of the proportions of ingredients in required, and the upper portion is fomc uncom-* 
thefe compounds, taking into account however, bined oil of turpentine, generally yellow or 
that the calcination might carbonate fome of amber-coloured. Pour the whole on a ftrainer 
the earths, but not all, and that the exaft ftate of double cloth, and the foap alone remains on 
of oxygenation of the metals is not afeertained. the ftrainer, which after draining for fomc days 
Half an ounce, Fr. (28S grs.) of the compound niuft be again rubbed in a mortar, and is then 
with magnefia left 32 grs. which did not efFer-* compleat> The alkaline liquor that runs through 
vefee: the compound with lime left 36 grs. the filter is fomewhat impregnated with the oil. 
which eftcrvcfccd; with clay, 28 grs; with iron. Other recipes have been given for this foap, 
48 grs; with copper, 33 grs; with zinc, 42; the preparation of which has engaged more 
with manganefe, 40; w'ith lilver, 30 grs. in the attention, perhaps, than it merits as a medicine^ 
metallic ftate; and with tin, as much as 79 grs. and which need not be repeated in this place, 
of the reduced metal. Whenever thefe combi- This foap has an acrid alkaline taftc, and is very 
nations arc to be made, the folutions iliould be apt to dcliquiatc on expofure to air. 
in a faturated ftate. It does not appear however that the folid 

Ammomacal Soapi cauftic alkalies have ever been ufed for this 

A white faponaceoiis compound is readily purpofc, fo that experimerts are flill wanting 
made by fliaking any oil with liquid ammonia, to afccrtaiii the prccifc a£l:ion of the alkalies on 
and this combination is much ufed medicinally the eflbntial oils, 
as a ftimulating application ; but the union Acid Soaps. 

between the two is much weaker than between The combination of acids with oils into - 
the fixed alkalies and oils, fo that this compound foluble faponaceous fubftanccs, has already been * 
will not harden, and by keeping for a time noticed under the article Oil. 
the ingredients partly feparate. A more in- SOAP, Sfarkey\^. See the preceding article, 

timate union between them is made by adding SOAP-I.EES. Lixivii/m faponarium. 

muriated ammonia to common foap, as has Tliis term has been not unfreqiiently ufed 
been already mentioned. both by chemical writers, and alfo familiarly, to • 

E^eniial-Oil Soaps. Siarhefs Soap. fignify the Icy or alkaline lixivium ufed by foap- 

"I'he combination of the eflential oils with boilers. In this country therefore it means a 
the fixed alkalies is much more difficult than very ftrong folution of potafti, nearly, if not 
that of the oxpveffed oils and fats, and much entirely cauftic; but in tlie countires where 
Icfs perfedl, fo that a reparation is liable to take foda is chiefly ufed by the foap makers, it fig- 
place whatever pains be taken in the mixture, iiifics a ley of cauftic foda. It is tlicrefore an 
This kind of foap was firft introduced by an incorrefl term, and is nearly difufed. 
alchemift of the name of Starkey^ whence it has The term foop-lees is aJfo employed technically 
taken, its name. Starkey’s procefs was tedious by fome to.fignify the Jpeut Icy whicli is pumped 
and uncertain. It confifted in putting in a out of the foap ciftern after the foap lias fepa- 
velTel fome dry carbonaf of potafti with oil of rated, and being generally more or lels alkaline, 
turpentine and (baking the mixture dally for it is never 'thrown av/ay, but is fometimes 
fix months, during which time part of the oil ufed again in the ftate in w'hich it is obtained,, 
combines with the alkali into a faponaceous and at other times is evaporated and the refidue 
mafs, and the remainder floats above it unalter- calcined to extract the alkali, 
edi Beaume has taken a good deal of pains to SODA. Mineral fixed Alkali. Soudcy Fr. 
find out the beft method of making this mixture. Mina alifche yenvachfalkali^ Germ. 

His method is the following^** Put in a marble This alkali is obtained pure from the native 

* Elemcns dc Fkarmacie. 
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unmanufactured Carbon AT of Soda hj pre« 
4!ifely the fame methods which have been already 
amply detailed in the article Potash, to which 
^e refer our readers. In its general properties 
it fo clofely refembles potalh uiat it is with the 
utmoft difficulty that the two alkalies when in 
a pure uncombined ftate, are diftinguiflied 
from each other. To avoid ufelcfs repetition 
therefore, we (hall only mention here thofe cir- 
eumllances in which foda differs from potaili. 
The affinity of foda for water is much inferior 
to that which potafh exhibits for the fame fub- 
ftance, hence when folid cauflic foda is expofed 
to the air it prefently mouldqrs to a moift palle, 
but as foon as it has abforhed carbonic acid 
enough to form the fub-carbonat of foda, it 
parts again with its water and efRorefees to a 
white powder. Potafli on the other hand, 
entirely deliquiates, and continues fluid till 
quite faturated with carbonic acid. The fpeci- 
iic gravity of foda according to Haflenfratz is 
=*-33f whereas that of potafh amounts to 
1.70. Soda combines with filex and other vitrU 
fiabie iiigrcdients into a glafs in the fame manner 
as potafh docs, but the glafs prepared with the 
latter is harder than when the former is made 
ufe of. On the other hand the foaps produced 
by combining foda with oil or tallow are hard 
and folid, while thofe made with potalh are 
foft and gelatinous. The two alkalies are ftill 
more dtilinguifliable when united to the different 
acids, producing compound falts, and a con« 
fiderably finaller proportion of foda than of 
potafli will flituratc a given quantity of acid. 
The falts with a bafe of foda arc for the moft 
part confiderably rnore foluble than the corref- 
ponding ones with a bafe of potafli, and in the 
force of its chemical affinity foda appears to be 
fomcwliat inferior to potaih, this Ixoivevcr is no 
doubt iiKTcaiv-d by the fuperior folubility of its 
lalts. 

Soda is applied in general to the fame ufc as 
potafh, and the preference given to either over 
the other is often determined merely by their 
relative commercial value. In the preparation 
of hard foap and the fofter kinds of glafs tlicre 
is however an intrinfic ground of preference. 
SOLDER. 

The art of foldcring is that of joining togetl\er 
two or more pieces of metal by means of a 
metallic cement: hence it is abfolutely rcquifite 
that the folder employed fliould have the two 
following qualities, viz. that of being fufible at 
a lower heat than the metals which it is intended 
to cement, and of adhering with confiderable 
jfirmnefs to their iurfices. The folder for gold 


is compofed of fine gold with I or 4 its weiglu 
of fine Giver, mixed together accurately by 
fufion, and afterwards beat out into leaves 
fomewhat thinner than card paper, and rendered 
as foft as poflible by annealing. It is made ufe 
of in the allowing manner. A piece of folder 
of the proper fize and lhape being cut off, is 
laid on the part to be cemented and fprinkled 
over with pulverized borax j the flame from a 
blowpipe is then applied, and the borax and 
folder both enter into fufion, the latter 
incorporating with and adhering firmly to the 
gold: when the junjClure is complcat the piece 
IS allowed to cool, and the borax is removed by 
boiling water, or what is ftill better a little 
dilute fulphuric or muriatic acid. Tlie folder 
will however appear confiderab^ paler than the 
other part, both on account or the filver with 
which it is alloyed, and of the borax, which 
always lowers the colour of gold: this dcfe£t 
may be remedied by melting on the furface of 
the folder a mixture of two parts of nitre and 
one of burnt alum and afterwards walliing it off 
with a foft brufh and hot water, by Vhich the 
natural colour of the gold will be reftored and 
even heightened. 

For filver there arc two kinds of folder 
employed, the hard and the foft. The former 
is compofed of equal parts of filver and fine 
brafs; and the latter is prepared by fufing the 
hard folder with -jV of its weight or pure zinc. 
The mode of applying it is the fame as already 
dire£led for gold folder. 

For copper, brals, and the hard all^s of 
copper the beft hard folder is compofed of brafs 
and zinc in the proportion of from 8 to 16 of 
the former to one of the latter, according to the 
required hardnefs. The foft folder is compofed 
of 3 parts of zinc and oiie of lead, and is 
applied by means of a common foldering iron 
heated rqd hot. 

The folder for tin, pewter, and lead, (or the 
plumber’s folder) is of two kimls : the lead 
fufible is compofed of equal parts of tin and 
leads the more fufible contains befidos, bifmuth 
in various proportions. A very good foft folder 
is prcparecl by melting together 16 parts of tin, 
8 of lead, and 4 of bifmuth. 

For delicate works in cut fteel the beft folder 
is gol{l with a high alloy of copper. For larger 
works in iron and ftccl copper is made ufe of, 
or an alloy compofed of equal parts of tin and 
iron. 

SOLUBLE TARTAR, or Tartrife of Potr 
ajb. See Tartareous Acidt. 
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SOLUTION. Auflofung. Germ. 

Solution is the perfeA chemical union of a 
folid or fluid with any other fluid^.in which the 
compound remains in a liquid (late, and per- 
fectly homogenous in all its parts^ It generally 
is applied to the melting down of a folid in a 
fluid (fait in water for example) but applies 
with equal propriety to the chemical union of 
two diiCmilar fluids^ as where an eflential oil is 
diflblvcd in alcohol. 

Solution is one of the great operations in 
chcmillryj and almofl every fubilance in nature 
is capable of it. I'he antient idea of folution 
does not imply chemical affinity, and the ful>- 
llance diflblvcd was fuppofed to be as it were 
paffive in the operation, io that in this point of 
view, folution was little elfe titan tranf parent 
diffuJio7i. But more accurate ideas of chemical 
a^ion have (hewn that folution takes place 
from true chemical affinity operating between 
the folvent and the folveeid^ in which each fub- 
ilance equally participates. For a folid to be 
diflblved in a fluid it is necclFary that the force 
of affinity between the two Ihould be fufficient 
to overcome the force of cohedon between the 
particles of the folid, and hence it is that heat 
fo much affiils folution by Icflening the force 
of cohefion between all particles of matter. 

It generally happens in all cafes of folution at 
a common temperature tliat the mixture in the 
aft of folution becomes either warmer or colder 
than the ingredients were before mixture. This 
arifes from an evolution or abforption of free 
caloric, owing to the mixture having a lefs or 
a greater capacity for caloric than the mean ca- 
pacity of the two fubftances taken feparately. 
'rhis has been more fully explained under the 
article Caloric. 

It happens alfo in by far the greater number 
of cafes of folution that the mixture has a 
greater fpecific gravity than the mean gravity 
of the ingredients, relatively to tlieir refpeftive 
quantities. Hence they occupy lefs fpacc than 
before, as may readily be feen by putting into 
a bottle any foluble fait (fulphat of foda for 
example) and filling it brim-full of* water, and 
after the folution is^ elTcftcd, the l/quor will 
have funk ascertain way below the firfl level 
without any lofe of the ingredients. 

The whole fubjeft of fohaion is. intimately 
connefted with that of chemical affinity to 
which we ftiall refer the reader. 

SOOT. 

Chimney, foot is a compound of black car- 
ftonaceous matter with a confiUcrablc quantity 
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of carbonated ammonia and ' probably fomo 
other ammoniacal falts, and hence it gives » 
ftrong pungent fmell of this alkali when rubbed 
with quicklime. Carbonated ammonia is ex« 
trafted from it in the large way in feveral 
manufaftories of this fait. 

SORREL, Salt ofi is the native fuper-oxalat 
of potafh contained in the juice of this plant.^ 
See* Oxalic Acid. 

SPANISH WHITE. 

The fubftance originally called by this name^ 
is.the white of oxyd or magiftery of bifmuth, 
the name is often however applied to walhcd 
chalk or whiting. 

SPAR. Spath. Germ*. 

The term fpar, in its mod comprehenfive 
lenfe appears to include almoll all the earthy 
cryflallizcd minerals that are met with in me- 
tallic veins \ but by mineralogids it is applied 
to thofe minerals whether earthy or metallic^ 
which are crydallized and have a vifible foliated 
texture. Thus we fay calcareous- fpar, flucr 
fpar, heavy fpar, felfpar, . lead fpar, fpathofe 
iron, &c. but not quartz fpar. It is not how- 
ever every foliated cryllal which' is called a 
fpar, for neither mica nor hornblende bear 
this appellation. The adjeftive fpathofe or 
fparry, means compofed of crystalUne plates^ 
in oppofition to foliated or flaty, which only 
imply compofed of plates^ without any refer- 
ence to cryftallization. 

SPARGELSrEIN. See Apatit. 

SPECKS rElN. See Steatite. 

SPECULUM MEEAL. See Copper, al- 
loys of. 

SPEI/rRR. 

Is the ufual commercial name for Zinc. 

SPERM ACE'ri. Blanc de Balchie. Fr. 
TVallrath. Germ. 

This peculiar oily fubftance is found abun- 
dantly in the cranium t)f the cachalot or fpeh- 
maceti whale (Phyfetcr macroccphalus, Linn.) 
and in fome other fpecics of the fame genus : 
but though contained in the cavities of the 
ieull it appears to be entirely different from the 
proper brain of= the animal. When fird cx- 
trafted it is mixed with a confidcrabic quantity 
of oil, which is feparated by putting the inajk 
into d woollen bag and prclling it, by winch 
the greatcll part of the oil runs out, ^ul then 
wafliing the refiduc with a warm weak alkaline 
leyv which diflolves and converts into foap the 
remainder of the oil, leaving behind thel'permaK 
ceti untouched ; this latter after being repeas- 
edly wafhed with left water, is melfcd by. a 
very gentle heat, the impurities partly float on?- 



^he furfacej and partly fink to die bottonit and brownilh foludon# which when dropped into 
are thus got rid of 5 the fLutd^ in appearance a water gives up its Ipermaceti apparently unal- 
perfofkly pellucid oil, is now allowed to cool, tered. It diflblves tulphur as the other fat oiU 
and forms on congealing a mafs of purified do. By long expofure to the air it acquires a 
ipermaceth yellow ringe and becomes rancid. 

The colour of (jpermacetx is a pure' brilliant The great ufe of fpermaceti is for making 
.'almoft filvery white; it is compofed of femi- candles^ it is alfo employed in medicine, 
ctranfparent cryllalline plates 5 is fofter and SPINELL, or true Ruby. Spindly VTorvu 
move brittle than white wax, has very little Spinelle^ Hauy and Broch. 

flavour, and only a flight tallowy odour. Its Its colour is red mixed witli various tints of 
fuperior tranfparency, highhiflre, and cryftaU blue or yellow; hence it occurs carmine, hya- 
line texture, at once diilinguifli it from every cinth, cochineal, and cherry red, rofe red,*'and 
^ther fpecies of concrete oil. Its point of con- rarely blood red, alfo violet blue, bluifli gpreen, 
gelation is. 1 12® Fahr. By the afliftance of a and orange yellow. It occurs in grains, in 
‘wick it burns with a clear white flame, fuperior fmall rounded fragments, and trryftallizcd. 
to that of tallow, and withod^any difagreeable The primitive forna of its cryftals is the re- 
odour, hence its excellence as a material for ;gular oftohedron, befides wliich it exhibits the 
candles. following varieties. 

Spermaceti by diilillation at a gentle heat, X. The cuneiform o£tohedrbn.^ 

pafles over in the ftate of a fluid oil, which %• The primitive oAohedron with the edges 

concretes on cooling, a very flight carbonace- of the commoh bafe truncated, 
ous refidue being left in the retort; by re- 3. The fanie with all the edges truncated, 

peated diftillation, however, the fpermaceti be- 4. The primitive o£);ohedron divided obli- 

comes permanently fluid at the common tern- quely into two fegments which are turned on 
perature. It requires accorefing to ThouvencI, each other of a circle, thus forming a folid 
a much lefs heat for its volatilization than moll with alternate faliant and re-entering angles, 
of the other oils do, and therefore is lefs dc- The cryftals are fmall and very fmall, rarely 
compofed by the procefs ; in particular no acid middle-fized. The faces of the oflohedron are 
makes its appearance. But according to the fmooth, the planes of the truncatures are lon- 
.experiments of Crell a greater heat is required gitudinally llriated. Its luftre both externally 
for its diilillation than for that of fat, the coagu- and internally is brightly Aining,* vitreous. Its 
lated 0x1, thus procured, is partly white and crofs fraflure is concnoidal, its longitudinal 
partly brownilh ; by repeated diilillation it af- frafture is lamellar in three diredions. It va- 
4 ords a yellowifii acid, becomes more fluid, but ries from tranllucent to tranlparent. ^ Its hard- 
ftill coagulates in the cold. The acid when nefs is very confiderable, mough inferior to 
Tcdlified by diilillation is entirely colourlefs, that of fapphire. Sp. gr. 3 % 57 — 3|>64. 

.and affords .the fame falts with earths and alka- It is .infufible before the blowpipe without 
lies as CrelPs febacic acid. The oil unites with addition, but it melts with borax and acquires 
ammonia into a faponaceous emulfion. a green colour. When ground to a very fine 

Spermaceti is foluble in boiling alcohol, powder, it is foluble by long digellion in boil- 
though very fparingly, 1 90 parts of the men- ing fulphuric acid. It was firll analyled by 
ftruum being required for this purpofe, and Klaproth, and afterwards by Vauquelin, with 
xhe whole of the fpermaceti appears to be again the following refults. 
precipitated as the folution cools.* Warm Klapr. .Vauq. 

ether diflblves it very copioufly, but feems to 74*5 — 82.47 Alumine 

retain none of it when cold. Oil of turpentine 15.5 — o. Silex 

has the fame effedl. With caullic potalh it 8.25 8.78 Magnefia 

combines into a foap, foluble in warm water. 1.5 “ o. Oxyd of iron 

Fluid ammonia when cold has no a£tion on 0.75 —■ p. Lime 

fpermaceti, but when warm diflblves it with o. --- 6.r8 Chromic acid 

great facility, forming an emulfion which is not - ■ ■ 

dccompofed either by limple cooling, or by IQ0.50 — - 97*43 

mixture with water ; the addition of an acid ssMsa 

iiowever inllantly precipitates the fpermaceti. Its geological fituation is not known ; it 
^ith concentrated fulphuric acid it forms a curs however imbedded in .calcareous l^ar and 

Bollock In Nich. Joura. 8 vo. iv. p. 34. 
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adularia^ accompanied ^ mica and magnetic 

K rites. It is found in regu and the ifland of 
lylon. 

Spinelle ranks among the gems ^ and is 
called by different names among the jewellers, 
according to the tone of its colour. The pure 
bright red is called Spinelle^ and is the moil 
eft^med, its value when exceeding 4 carats in 
weight, being half that of a diamond of equal 
weight 5 the orange red variety is called Ver^ 
meilUf or Ruhicelle ; and the rofe red is called 
Balals or Balafs ruby. The oriental ruby is a 
variety of Telesia. 

SPINTHERE. 

The colour of this mineral is greenifli. It 
occurs cryftallized in irregular dodecahedrons, 
compofed of a double four-fidod pyramid, oblU 
quely truncated at die apexes. The cryflals 
are very fmall and brightly fliining ; the frac- 
ture is lamellar. Its hardnefs is inferior to 
that of glafs; it is tranflucent on the edges. 

^ It melts before the blowpipe witliout much 
difficulty. It has not been analyfed. 

It was difeovered by Hauy implanted in 
calcareous fpar from Dauphin^. 

SPIRITS DISTILLED. 

Under the articles Fermentation^ B randy ^ and 
Aleoholy we have already given a defeription of 
the procciTes by, which ardent fpirit is made, 
and of its chemical properties ; we fhall there- 
fore in this nlacc only mention a few circum- 
ilances in the preparation of corn-fpirits and 
rum. 

The greater part of the common fpirit uous 
liquors confumed in this and other countries of 
Europe where the vine does not grow, is pre- 
pared from fermented corn of one kind or 
other, mixed occafionally when it fuits the 
purpofe of ^e difliller with molaifes, and 
lometimes with carrots and other fub-faccha- 
tine vegetables. But when there is no fcarcity 
of grain, this is by far the greateft, and often 
the only ingredient. 

.. The fpirit thus procured is reflified for fa1e 
by being re-diililled with Juniper-berries, tur- 
pentihe, and many other uibftances to give it 
the defired flavour and appearance. 

The grain, if barley is ufed, is generally firft 
malted in the ufual manner, and in Scotland is 
dried with peat, tlie fmoke of which gives that 
peculiar flavour which is found in the 

^irit diftilled from it. It is then ground to 
coarfe powder, malhed, and the inmfion fer- 
mented with yeaft in large tuns. In tliis ftate 
|t is a ftrong ate, and diflers from the malt- 
vox. n. 


liquors ufed for drinking, only in containing no 
hops nor any other bitter. This fermented li- 
quor is called nvafb^ and is then fit for the firft 
diftillation. 

The theory and prafrice of diftillation hav- 
ing been dclcribed under the articles Alcohol 
and Brandy^ we ihall not here repeat it, except 
to mention that feveral additions are made to 
the waih with a view either of increafing (as is 
fuppofed) the yield of fpirit, or of corrcdling 
and keeping down the eflential oil derived 
from the malt which is apt to give it a naufe- 
ous flavour ; or of regulating the boiliiig within 
the Hill, and preventing it from boiling over or 
running foul s or of neutralizing the acid gene- 
rated during the fermentation, which remark- 
ably Icfletis the produA of fpirit. For all thcfc 
purpofes foap is accounted the heft addition, 
and large quantities of it are employed for this 
purpofe in diftilleries. Others ufe alkalies. 

Ouring the diftillation the firft fpirit that 
comes over (as in the diftillation of wine) is 
oily and turbid, and often of a naufeous fla- 
vour, owing to the oil of the malt which ac- 
companies It in all . thefe changes. The fpirit 
then runs clear and continues fo to the laft, 
bur conftantly decreaflng in ftrength, becoming 
more watery, and therefore of lefs fpecific 
gravity. 

The whole of the fpirit thus obtained is then 
again diftilled or reBifed^ and in this procefs 
the middle runnings from the dill are received 
apart from the firft portion which is too oily 
and turbid, and from the latter w^hich is top 
watery to come up to the eftabliffied proof. It 
is in the feAiHcation alfo that the additions 
which give a peculiar flavour to the fpirit, 
(fuch as juniper berries, &c.) arc made. 

The general procefs of the diftillery is Am- 
ple, and certainly not difiicult of management 
to enfure a certain degree of fuccefs, fince it is 
carried on in the fmall way by hundreds of 
fmall farmers and ignorant perfoiis in thofe re- 
mote parts of the illand which offer the greateft 
facility of eluding the excife duties.-* But in 
cohdufling vaft and expenfive w^ks a large 
fliare of pra^ical ikill is required, and almoft 
every difliller profefles to have fome peculiar 
nicety of pra£lice in tlie management of the 
procefs or the conftru£rion of the apparatus. 

The form of the Hill in particular has under- 
gone many fucceffive alteration's (efpecially in 
Scotland, where the mode of levying the duty 
renders it an obie£k to diftill as fall a$ poffible) 
and by gradually widening the bottom and 
contracting the height of the boiler, diftillation 
2 u 
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h now carried on with a rapidity that woukl 
almoft excecii belief were it not perfectly well 
authenticated.^ After fuccefliye improvements 
and a confiderably complicated apparatus^ a ftill 
has been conftru£^ed which contains only 40 
gallons in the .body and 3 in the headj in 
which the time of chargings boiling and run- 
ning, and letting oiF the walte liquor, amounts 
only to minutes and three-quarters when the 
charge of wa(h is 16 gallons, which is two- 
fifths of the whole contents. In rectification, 
which is a flower procefs, the charge is 24 
gallons, and the time of diltilling about ten 
minutes. This rate of working however is far 
beyond the ordinary rate. 

It is not neceflary to malt grain in order to 
make it ferment fufficiently to yield .a good fpirit, 
and not only barley but any other grain will 
anfwer the fame purpofe. In this country a 
mixture of barley and malt is generally pre- 
ferred^ in Holland the very fined geneva is 
inade from wheat and malt, but.morc commonly 
from malt and rye, which latter yields more 
fpirit than wheat. Very fuperior care and 
attention feems to be beitowed in conducing 
the whole procefs. 

The greater number of didillers proceed in 
the following manner.^ A quantity of rye-flour 
coarfely ground is mixed with a third or fourth 
part of malt and* put into the fermenting tub 
with cold water, dirriiig it well with the hands 
to prevent the meal from clotting. Sufficient 
water is then added of a blood warmth, after 
which the fer^ient is mixed with the whole, 
which is compofed of the yead of former ope- 
rations dried and kept for a certain time. If 
the weather is favourable and the heat well 
regulated, the fermentation begins in fix hours, 
and terminates on the third day, and the liquor 
becomes tranfparent and aflumes a hot pungent 
tade. The didillation is then proceeded upon 
immediately, before the liquor turns four, which 
is avoided as much as poiubie. The didillation 
is conduCIcd very flowly, that tlie fpirit may be 
as little as poffible impregnated with the oil of 
the grain, to which much of the unpleafant- 
flavour of the ordinary fpirits. is juftly attri- 
buted. The fird fpirit is then reClificd by a 
fecond didillation over juniper-berries, or in 
double Geneva by a third procefs. In fome of 
the ordinary forts however the juniper-berries 
are mixed with the fermenting materials, and 
one didillation fuiEces. In the common geneva 
or gin vulgarly ufed in this country, the fine 


juniper flavour is coarfely imitated by turpena' 
tine. 

Rum is prepared by diftilling a fermented* 
liquor made from melafleSj.and other refufe^ 
faccharine matter which is procured during, 
the manufa£Iure of raw fugar' in the Wed 
Indies. The common procefs in 'Jamaica is the 
following.^ The mat^ials for the fermentation 
are, molafles or the treacle which drains from 
the fugar, feumraings of the hot cane juice, or 
fometimes raw cane liquor, lees or Junder as 
it is calletf, and water. The dunder anfwers * 
the purpofe of yead, and is ufqally ' prepared by 
a feparate fermentation of cane fweets and' 
water. The materials being mixed in due pro- 
portions, (which are about equal parts of* 
feummings, dunder, and water) the fermenta- 
tion begins very foon, and in 24 hours the li- 
quor is fit for the fird charge of melaflcs,. 
which is added in the proportion of 3 gallons 
for every 100 gallons of the liquor. Another 
charge is added in a day or two afterwards. 
The heat in fermentation (hould not exceed 
90^ or 94^, fo that in this climate it is neceflary 
to keep the fermenting tubs as cool as polfible. • 
The fermentation falls in fix or eight days, and 
the liquor grows fine and fit for didillation. In * 
about two nours after lighting the fire the fpirit 
begins to run ^in a dill of 1200 gallons) and it 
is collefled as long as it remains inflammable. 

The fird fpirit is called in the country^ laiu 
wineSf and it is re£Iified in a fmaller dill to the 
Jamaica proof, which is that in which olive oil 
will fink. About 220 gallons of proof rum 
are obtained from 530 gallons of low wines. 

SPIRIT OF LIBAVIUS. See Tin. 
SPIRIT OF MINDERERUS. Sec Ace- 

TiTE of Ammotnm. 

SPIRIT OF NITRE. See Nitric Acii>. 

SPIRIT OF SAL 1 \ See Muriatic Acidw 

SPIRIT OF SULPHUR, OR of VITRIOL. 
See Sulphuric Acid. 

SPIRIT OF TURPENTINE. See Tur^ 

PENTANE. 

SPIRIT OF WINE. Sec Alcohol. 

SPIRITUS RECTOR. See Aroma. 

SPONGE. 

This fubdance was examined by Mr. Hat- 
chett in his feries of valuable experiments oa 
the component parts of animal membrane.* 
When fponge has been immerfed in dilute ni- 
tric acid for a fortnight, the acid becomes pale 
yellow and is changed to an prange by pure 


• Ecpoit to ths HouTe of Commoat on the Oiilillcrict in Scotland, Dr. Jeffra/c Memoir. ^ Ibid. Mr. Crookcco's Mesu 
« Stlwafdi'c HiRory oi the Wed Indifc* o FJdL TxaaA for xtos^ p. 35s. 
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ammonia^ TTia fponge after thift procefs be- 
eves more or lefs tranfparent, and confiderably 
foftenedy and is then oqmpleatljr foluble in am« 
snoxfia into a deep omnge-coloured liquor. 
When digefted wifli boiliM diibilled water, 
fponge gives out a portion oi gelatin, which is 
-precipitated by infufion of oak -bark. The 
fponge by lofing its gelatin, becomes much lefs 
flexible than before, and is eafily torn when 
moift, or crumbles between the nngers -when 
dry. When fponge either in its natural ftate, 
or efpecially when its gelatin has been extradied 
by long boiling with water, is boiled with cauilic 
potafli, it compleatly diflblves therein and forms 
an animal foap. 

Sponge, when heated in a clofe veilel, gives 
out an ammoniacal fetid fmbke, and is reduced 
to a black charcoal, which, after incineration, 
leaves a finall quantity of common fait and fome 
oarbonat of lime. 

Charred or burnt fponge is ufed in medicine. 

The chief conftituent parts of fponge there- 
fore are, animal gelatin, and that condenfed 
albumen which Mr. Hatchett has found to be 
the principal part of all foft membranous organs, 
of cartilage, &c. The former is diflblved, tliough 
with (bme difficulty, in boiling water, but does 
not yield to cold watery the albumen is info- 
luble in water at any temperature, but yields to 
cauftic alkali* 

STAHL^s SULPHUREOUS SALT. See 
Sulphite of Pota/b. 

STANGENSPATH. See Heavy Spar. 

STALACTITE 7 « j 
STALAGMrrE3 Limestone* 

STARCH. Amidon, Fr. Starkmehl, Germ. 

Under the article Fecula^ the chemical pro- 
erties of the (larch, or fecula of all vegetables, 
ave been deferibed } we have therefore only in 
Ahis place to mention (Iiortly the mode of manu- 
fa£luring the common (larch which is made, 
for fale, almoft exclufively from wheat. This 
grain confifts of gluten, fecula, a colouring ex- 
tradlive matter, and phofphat of lime, and it is 
the objed of the (larch-maker, to feparate the 
fecula alone from alb the other ingredients. 
This might be done, one would think, fimply 
by grinding the wheat into very fine flour, mix- 
ing the flour with water into a (lifT pafte with 
much beating, and then expofing this pafte with 
unimerrupted: agitation* to a- gentle current of 
pufe water^ which would run off milky witli 
the ftacdkat lang as>any.of k remained in the 


pafte, and the gluten alone would be left be- 
nind. This milky water would depoftt the 
(larch by remaining at reft for a time. 

A (imilar method is followed in the fms&ll 
way in making potatoe (larch, as mentioned 
under the article fecula^ only with lefs labour, 
as this, contains no gluten. 

Wheat (larch is not made however exa£lly in 
this fimple way, but the grain after being coarfely 
ground, is fuffered to ferment or mould with 
water for many days, by which its texture is en- 
tirely broken down, and the (larch which is 
fcarcely alterable in the procefs, is probably 
more efieflually feparated from all the other 
ingredients, and obtained finer and whiter. The 
aduai method is (in a few words) the follow- 
ing:* The wheat is firft coarfely bruifed, and 
placed in large wooden vats or refervoirs, water- 
tight, and intimately mixed with water. Here 
a fermentation begins after a time, which is a 
mixture of the vinous and acetous, and is at- 
tended with a (Irong, unpleafant, four, mouldy 
fmell. The wheat remains in the vat for about 
a fortnight, till the fermentation ceafes, which 
is known by its fettling at the bottom of the vat. 
The contents are then emptied fuccelTively into 
a fmall tub, and mixed with fre(h water, till all 
the pulpy part is thin enough to pafs through a 
hair (ieve, which feparates the bran from it. 
What has gone through contains the (larch fuf- 
pended in a very four u^ater, and confiderably 
foul. This is put into (ubs or frames, and al- 
lowed to remain for two days undifturbed, during 
which the impure (larch fettles to the bottom. 
The water is then drawn off, the frames turned 
on their fides, and the dirty difcoloured part of 
the (larch (which is the laft that fubfides and 
therefore is at the top) is feraped off, and the 
remaining (larch is well wa(hcd and bru(hed, 
till it 'is nearly free from this muddy fediment, 
which is called Jlimest and is treated feparatelv 
to obtain its (larch. The (larch is ftirred with 
frc(h water, and fuffered to fettle, and again 
cleanfed^ till all its impurities are removed, and 
is then mixed with water enough to make it 
liquid, and pafied through a fine lawn fieve. It 
is then fit to receive its colour, which confift:> 
of finalt mixed with water and a fmall quantity 
of alum, and is thoroughly incorporated with the 
(larch. After again fettling, the (larch is taken 
out and put into oblong boxes, about fix feet 
long and one broad, with hol^ at the bottom, 
and lined with linen cloth, where the moifture 
of the (larch drains off till it becomes folid 
.enough to be cut into fquarc lumps. Thefe are 
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laid' on new bricks which abforb much of their 
moifture^ and .make them hard enough to be 
floved. Here the llarch remains in a moderate 
heat» till a flimy cruft rifes to the furface, which 

carefully (craped o(F^ and the reft> which is 
now perfe^Iy pure ftarch^ is papered and placed 
again in the (tove with a good hot fire^ till quite 
dry. This laft ftoving caufes the lumps to crack 
pretty uniformly into the fmall pieces in which 
they appear when fold. The Jlimis arc all 
treated in the iamc way till all the ftarch is got 
from them. All the refufe matter from ftarch 
making makes very valuable food for fattening 
hogs. The whole time of making ftarch» from 
the firft fteeping of the wheat to the laft ftoving,. 
is about fix weeks; and 551 Winchefter bufliels 
of wheat will make about fix ton .of ftarch. 'Phis 
v/Jll be about of tlie entire weight of the 
>vi\cat. 

In the procefs of ftarch-making a great quan- 
tity of a four naufeous milky water is obtained, 
from which the ftarch fublides after it. is firft 
removedifrom the fermenting vat. This has 
been anaWzed with great care by Vauquelin, 
with the following refill ts. 

This liquor has an acid, and at the fame time 
a fpirituous flavour, it ftrongly reddens litmus, 
gives a precipitate with lime-water, which an 
excefs ot the liquor re^ifiblves. Alcohol added 
to it gives a white, light, foft precipitate.. Ox- 
alic acid alfo gives a precipitate, which (hews 
that the acid contained in the liquor is not the 
oxalic. 

A quantity of this liquor was diftilled* The 
firft produA was fenfibly fpirituous, and yielded 
on re£bification a notable quantity of pretty pure 
alcohol. After this,- an ackl liquor came over, 
which g:we ^ fait refcmbling exa£kly acetite of 
lead when faturated witli litharge, acetite of 
Hmc, with lime, and therefore was acetous acid. 
The relidue in the retort, after moll of the liquor 
had diftilled off, wus^ feddifli-brown, had a very 
four tafte mixed with diat of burnt •bread,.-arid a 
fyrupy confiftcnce. It was filtered, and the 
clear liquor gave with hme-water* an abundant 
precipitate, which an excefs of the liquor re- 
diflblved ; with cauftic alkalies a fimilar precis 
pitare was alfo formed, along with an olnrious 
produ£lion of ammonia ;■ and with oxalic acid, 
oxalat of lime was produced. With die folu- 
tipns of lead a white precipitate fell* down, and 
this latter decompofed by ftilphuric acul, gave 
another acid which in every reipe£k agreed wkh 
the phofphoric. 

« Tne ftarch -fours therefore contain, befides a 
ylfible white matter feparable by filtermg, a 


quantity of phofphat of lime and ammontar 
both held in iblution by the acetous acid which- 
is generated fo abundantly by the fermentation* 
A peculiar animal matter is alfo found in this 
acid liquor, which feems to refembleg/a/rn, and 
therefore which only belongs to that ftarch 
which is made from wheat flour. 

This liquor therefore contains the five follow--* 
ing fubftances, via. acetous acid, ammonia, 
alcohol, gluten, and phofphat of lime, but of 
thefe only, the two lalhare natural, to the wheats- 
the others are the products of the fermen- 
tation, the ammonia being generated by the de- 
compofition of part of the gluten, the alcohol 
by the faccharine mucilage which all grain con-* 
tains, and the acetous acid perhaps ftom all the 
other principles. The peculiar office which this 
acid performs in ftarch-making is to diflulvc 
the gluten and phofphat of lime, and thus to • 
feparate them from the pure ftarch. Hence* 
wlien wheats is the grain employed, arifes the 
neceffity oft continuing the fermentation long 
enough to generate a fufficietU quantity of ace- 
tous acid ; for the otlier graine and roots which 
yield ftarch contain littieor no gluten. A con- 
fiderable quantity however of the ftar'ch.-mufl 
be deftroyed in the procefs, for wheal contains 
much more of it than is obtained in manu- 
fa^lure, a$ may.be found by wafhing flour pafte ^ 
with water in the way mentioned in the begin-' 
ning of this article,^ 

STAUROLITE. Granatite, Baujfitre and 
Wern. Staurotide, Hauy. 

Its colour is reddifh or blackifh-brown. It 
occurs always cryftalHzed^ The form of its 
eryftals is a hexahedral pvifm, of which four * 
faces are by much the'largeftand meet inpairs^ . 
forming two obtufe- oppofite angles, meaiuring 
1 29**. This prifm is cither entire of truncated ‘ 
on the obtufe angles. It is not uncommon to*’ 
find two eryftals penetrating each other ob- 
liquely or at righv angles, as^to form a-crofs; ‘ 
fometimeS' even -three prifins are thus arranged, 
forming' a triple crofs. Its furface is fmooth ^ 
or uneven, and its luftre varies accordingly; 
Internally- it is more or lefs (hinkig, with ar 
luftre between vitreous* and refinoue. Its frac- 
ture parel lei to the axis is iinperfe£lly lamellar : 
in the oppofite diredlion it is fmall-grained un- 
even, paffing to coachoidal. It is brittle, and 
fomewhat harder than quartz. Sp. gr. 3.28, 

When expofed to the blowpipe it undergoes 
no other change* than that of. frittihg a little on 
its furface* Us component part^ according to 
an analy fishy Vauquelin, are 
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33V Silex 
44. Alumine 
3.84 Ltme 
1'3« Oxyd of iron 

Oxyd of manganefe 


Lofs 


94.84 

5.16 


inie fteatite of Cornwall^ according to KIa|K 
rotH» confifts of 

48* SiTear 

20.5 Magnefin 
14* Alumine 
I. Ojxydofiron 
*‘5*5 Water 


lOOF 

It Is found in St. Gothard in Switzerlandf 
in fmall cryflals imbecUled in micaceous fchiftus^ 
and accompanied with ^anite ; in Brittany near 
Quimper, in middling fized cryftals, imbedded 
in a micaceous clay, apparently produced bv the 
decompofition of fome primitive rock : alfo at 
Sant Jago of Compoftella^ in a primitive rock. 

STAUROTlDE. See the preceding article. 

^ STEATITE. Speckftein, Wern. Soapftone^ 
Spanifli Clialk, Craie do Bfiangon. 

Its colour is greyifh, greciiilh, yellbwifh, or , 
reddifh-white, alfo' flefli-red, mountain-green^* 
and olive-green : the whitilK varieties generally 
contain black dendritlcal figures^ and ipots. It 
occurs in mafs^ difleminated^ invelting and . 
cryftallized. ITie forms of its cryftals are a 
fix-fided prifm, terminated by (ix^fided pyramids \ 
alfo a reftangular aiid rhomhoidal * four-iidcd 
pHCm ; alfo a double (ix > Tided pyramid ^ It is 
probable however that feveral' if not alf of thefe 
are pfeudbmorphous. The cryftals are fmall and' 
rniddlefizedj generally imbedded in the maflive 
kind, and are very rare. Internally it^is dull," 
or at moft faintly; glimmering; Ib fraAure is 
coarfe fplintery, rarely earthy, and fometimes 
intermediate between coarfe' fibrous and foliated. 
Iris tranflucent on the edges, rarely tranflucent. 
Iris foft and very fbft, gives a fhlning ftreak, 
may be cut with a knife, is not very tangible, 
is very unfluous to ;thc touch like foap. Sp. 
gr. 2.0 4.. • Before the blowpipe it becomes hard 
and generally lofcs its colourv but is not fulTble 
without addition; 

The fteatite of Bareuth, accor£iig to the 
analyfes of Klaproth and Wiegleb>. confifts of 
the following ingredients. • 

Klap. ‘ Weigl. 

59.5 — 58.37 SiJex 

30.5 — - 39.10 Magnefia 

2.5 — ‘ 2.< Oxyd of iron' 

T-5 •T" ^ Water 

. ■ ' ‘ pftoy- ■ ' ■ 99V89 * 
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It occurs in beds and veins in ferpentiney* 
alfo in nodules In various other rocks, particu-^ 
larly thofe of the Floetz-trap formation. It is 
found in Cornwall at the Lizard Cape^ imbedded 
in ferpentine, alfo at Portfoy, in Scotland, in 
ibrpentine, and in the Ifle of ^l^e in wakke. 
It abounds in the principality of Bareuth, in 
Saxony, Bohemia, Norway, Sweden^, and 
France. 

The* white varieties and ‘thofe that become fd 
by calcination, are employed in the manufac- 
ture of the fined porcelain. Other varieties 
are faid to be ufed for fulling. 

STEEL. See Iron* 

STEEL ORE. 

A common name for fpathofe iron ore : fee 
Iron, p. 5.16. 

STILL. An article of chemical apparatus. 
See the Appendix. 

STINKSTEIN. See SwiNsroNE* 
STILBITE- See Zeolite. 

STRAHLSTEIN: ActynoHu, Kirvr. Ac^ 
tihote^ Hauy. Rayonnante^ Broch. 

Of this mineral there are the three following 
fubfpecies. 

x. Suhfp: Common Strahlfteih* 

Its colour is olive or leek green, mountain 
green, blackifh green, reddifh, yellowilh, or 

f ;reeni(h white, liver brown, and reddiih brown, 
t occurs in mafs, difieminated or cryftalHzcd. 
'rhe primitive form of its cryftals is a very 
oblique rhomboidal prifm, the alternate angles 
of which are i24» and 56^. Sometimes the 
prifm is truncated on its acute lateral' edges as 
well as on its terminal angles and edges. It alfo 
occurs ill flender needlc-ftaped cryftals. The 
cryftals arc ftriated longitudinally, and are very' 
brilHant externally. Internally this mineral is 
more or lefs ihining, with a vitreous luftre. Its 
fraAure is broad radiated, either parallel, di- 
verging, bundled, . or in' ftars, very rarely la- 
mellar. Its fragments are fometihies wedge 
(haped, but more commonly indete^rminate, . . 
blunt edged. It occurs in wedge ihaped jprif- 
inatic» and in granular diftind concretions. " 
The cryftals ate tranflucent, and 'even femU 
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tranlga^t: Uie othe|r varied are onlv trai)»* 
luceitt on jdie edges. It U cb^der^bljr hard 
and brittle. Sp. mr. 3 *t-;3.3. . ' 

It is fufible “beKqre "the blowpipe into a vi- 
treous fcoria of a black or grey colour. 

Its ^oniponent parts according to Bergman are 
Siler 
MagneGa 
Alumine 
Lime 

Oxyd of Icon 


hard, very brittle,' and eaGl^ frangible. Sp* 
gt. A.9— 3.49* 

The Arendalite has been analyzed by Vau- 
qoelin, and the epidot of the Alps by Collet des 
Cotils with the following refults. 

'• CoU. 

37 Siler 
27 Alumine 
14 Lime 
27 Oxyd of Iron 
1.5 Oxyd of h^ganefe 



' 100.0 

The maGive varieties occur in beds in pripil- 
tive mountains, accompanied by galena, pyrites,' 
and magnetic iron ore: the cryftalUzed varieties 
occur in dolomite, foliated talc, and in veins of 
■the oldeil -formation, accompanied by mica, 
.titanium, frc. It abounds in the Tyrolefe Alps, 
particularly in the Zillerthal, alfo in the Italian 
Alps, in Saxony, in 'Norway, and in fome 
parts of the north .of Scotland. 

2. Suh/^. Afbeftiform Strahlftein. 

Its colours are greyifli or greenilh white, 
reddilh or yellowifli white, olive green, moun- 
tain green, fmalt blue, and liver brown. It 
.occurs in mafs, difleminated, and fometimes in 
brilliant, flexible, elaftic, capillary cryftals. 
Internally it is gliftening, with a pearly iuftce. 
Its fraflure is dhrergingly radiated, or Sender 
fibrous.^ It occurs in coarfe and wedge Ibaped 
prifmatic diftinfl concretions. It is iometimes 
tranflucent at the edges, but more commonly 
opake. It gives a greenilh white. Itrericj u 
moderately hard, approaching to foft } is brittle 
but not vei^ frangible. Sp. gr. 2.5 to 2.9. 

It is fuiible before the blowpipe without 
addition into a black or grey fcoria. 

It occurs at Rafehau in Saxony mixed with 
green copper ore and pyrites } in Bareuth, 
mixed with feipentineand ueatitc: it alfo occurs 
in the Bannat. 

Suhf^. daily Strahlftein. Hauy. 

Acanticenitet — ArendaHte of fome authors. 

Its, colour is olive green, palling into grafs 
green,^ monntain green, and browniili green. 
It occurs in mafs, or cryftallized in hc.xahcdral 
prifms, often laterally aggregated. The furface, 
of the cryftals is I'mooUi and brightly limning, 
Iiitem^llv it is more or Icfs lliining . wirii a 
vitreous luftre. I.ts.fra£turc is betwreen radiated, 
and- fibrous. It occurs in flender prifnsatic, or 
granulitf diftin^ concretions. Its fragnients 
are fpliht^ aiid wedge Ihap^.. If is tranAo- 
4«!tiit paflwg ^ femlpraiifp^etrtt U moderately ^ 
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It occurs in the fame fitustions as. the com- 
mon ftrahlftein } and alfo at Arendahl in Norway 
in veins mired with quartz, garnets, and mag- 
netic iron ore. 

There is a great analogy between the feyeral 
fubfpecies of ftrahlftein, and hornblende, tre- 
molite and aibeftus. > « 

STRONTIAN. 

This alkaline earth was firft procured from 
its native carbonat found at ftrontisn in Argyle- 
ftiire, wdience its name. It has fince been 
found near Briftol and in various other places, 
coasbined with fulpburic acid. The pure earth 
may be obtained either from the carbonat of the 
fulphat by the fame procefles as thofe employed 
in procuring pure Bauttes: as the native car- 
Jjonat of ftrontian is however confiderably rarer 
than the carbonat of barytes« the moft econom- 
ical method upon the whole of preparing pure 
ftrontian is to mix the native fulphat of this 
eatth p>eing previoully well levigated) with 
twice its wright of cryftallized carbonat of 
otalh, afld expofe the mafs to a moderate red 
cat for half an hour in a filver crucible, or 
boil it for an hour with diftilled water, 
this ipKocefs a double decompofition takes place, 
the uilphuric acid Quitting the ftrontian to unite 
with the potalhp while the carbonic acid of this 
latter combines with the ftremtian: the mafs is 
now to be. wafhed with hot water till the fulphat 
of potafti is diflblved, outy ,and nothing remains 
but carbonat, and probably a little undecom* 
pfed fulphat of ftrontian: diluted- nitric, acid 
eing^ now added, nitra|l;^of ftrontian will be. 
contained in folution : the clear filtered liquor by 
evaporation and cooUng will depofit the fait 
which it conta^^ in Cryftals, ana thefe being 
ignited in a pjatina*^ cfu^ible tHl. the acid is en- 
tirely d^orapofed. find, driven , ofii, there will 
lemain behlml a Yimevrh^t indurated,mafs of a 
grey coloury which U ptij^ ftrontiafu. 

Strontian has a hot pungent acrid tafte great- 
ly refenibUng that of quh^iznei wim»' expofed 
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to the eir it focm abfoYbt mordore Md fallt t6 fiaiAe: thit character in patttciilar diftinj^iiliejl 
pieces, and in a few dajt after becomes fatutated it cbmpleatijr from barytes ^hlch tommunicatei 
with carbonic acitf. If water is poured upon it a pale yellow colour to the flarn'e of alcohol, 
when recently calcined^ the fluid iis eagerly Sirontiah when expbfed to the‘ blowpipe is 
abforbedj a copious extrication of heat takes not^fufible as barytes is, but it emits duVitig the 
place, and the mafs fSllf into a bulky powder. aAion of the flame an intcnfely dazzling white 
Strontian* is not very foluble in cold Water, an light. Fot further particulars of refemblance* 
ounce of this fluid at 6o* taking up no more and dtflTerence between thefe two earths, fee 
than 2.7 grs.^ This folution is perfe^Ily clear BARYTtLS. 

and limpid; ittailes like limewater and changes The order of affinity between (Irohtian and* 
vegetable blues gteeh like the other alkaline the fcveral acids is thus dated by Dr. Hope:' 
fubftatices. Oh expofure to tlie air it becomes fulphuric, oxalic, tartaric, fluoric, nitric^ mu*- 
covered with a pellicle of regenerated carbonat riatic, fuccinic, phofphoric, acetic, arfenic,. 
of ftroncian, which being removed or failing to boracic, carbonic. 

the bottom, another futceeds, and fo on till the The affinity of barytes for the acid^ appears 
whole of the earth is precipitated in the date of to be in all Cafes greater than that of ftrontiail 
oarbonat. Boiling water however takes up a for the fame: but this latter on the other hand* 
much larger proportion of drohtiah than cold generally takes the precedence of the fixed ' 
does, in confequence of which' as the folution alkalies, efpecially where the refultir,^ ftrontian 
cools it depofits the excefs of this earth in a fait is much lefs loluble than the correfppnding 
cry dal line date. The forms of thefe crydals one of potafli or foda. But in the attra^ion 
are quadrangular plates either plane or bevilled for nitric, muriatic, acetic, and fuccinie acids, 
at the edges, or cubes or pataUelopipeds. the fixed alkalies are confidered as fuperior to 

Thefe cryftals by expofure to. the air become ftrontian. The decompofiUon however' which 
of an opake white colour, and foon fall to pow- they arer able to eiFeft of thefe ftrontitic falta is 
der; by this change they lofe about to per cent, very imperfect, as was firft Ihown in the cafe 
notwithftanding the large quantity of carbonic of munatic acid by Dr. Hope. This able 
acid that they imbibe: this lofs is entirely water, chemift diflblved 200 grs. of native carbohat of 
the recent ctyftals cpiitaining full 68 per cent, ftrontian in muriatic acid diluted with an equal 
of this ingtedient. Of thefe cryftals one ounce bulk of water, and when the folution was 
of water at 60* will diflblve 8.5 grs. and the compleat, he added an excefs of liquid potafl^ 
fame quantity when boiling will take up no lefs but no more than 24 grs. of ftrontian were 
than 218 grs. precipitated; he then poured in carbonated 

Strontian combines with all the acids, form* potafli; and 170 grs. of carbonated ftrontian 
ing. with them neutral falts,^ which though they were obtained. The fame experiment was 
bear a general refemblance to thofe of barytes, repeated, except that the cauftic potafh was 
yet differ from them in various {larticulars, for dropped in very flowly, by which procefs 74 grs. 
an account of which we refer to the falts of ftrontian were depofited, and tlie fubfequent 
themfclves. addition of carbonated alkali threw down 132 

Silex 'and alumine are rendered foluble in grs. more of carbonated ftrontian. 
water by means of ftrontian in the fame manner STRONTIANITE. Strontianit^ Wern, 
as by the fixed alkalies and barytes, only a Its colour is clear afparagus green, pafling 
larger proportion is required of ftrontian tnan to greenifli or yellowifli white, or apple green, 
of the reft. Sulphur combines with ftrontian It occurs in mafs, the rifts or cavities of which 
by fu(i6n, ihto a fulphuret, or by boiling with are often lined with bundles of acicular cryftals 
a folution of this earth, into a hydrofulphuret. the form of which approaches to the four o^r 
The fulphuretted hydrogen that is difengaged fix-fided prifm. Its longitudinal fraflure is 
froni eitner the one ot the other on the addition narfowt urait, and divergingly radiated, with 
of muriatic acid, carries oflT with it a little a Ihining pearly luftre: the crofs fra^lure is 
ftiontuin, and in confequence bums with a red fine-grained uneven, palling to ffilintery, and 
purple flame inftead of the blue flame of pure its luftre is only glimmering. Its fragments are 
fttlimuretted hydrogen. ^ wedge-fliwed or indeterminate. It occurs in 

Alcohbl tak^ up a fmall proportion of (Iron*' thin fcapiform, and wedge-lhaped diftind con* 
tian; and* m totifequesKe bums with a purple cretions. It is more or fels tranfluseng fomc*- 

Htffc, ia Edia. F|uL TmA lor s;s8, y. 
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times, in tliln ^pieces, femi-tranfparent: it is mo« 
iScratcIy hard^ brittle^ and ealily frangible. Sp. 
gr. 3.67 Klapr* 3«4“3*^4 Kirnv* 

, Before the blowpipe it becomes white, and 
calcines, but docs not melt. When llrongly 
heated in a clay crucible it runs into a d^fe, 
hard, clear, yellowiih green glafsj with a lofs of 
30 per cent. When intenfely heated in a char- 
coal crucible, it becomes of a grey colour, and 
,lofes 31 per cent, of its original weight, but 
does not melt. In diluted nitric or muriatic 
acids it diiTolves readily with a copious efTer- 
vefcencc. 

It has been analyfed by Hope, Klaproth, and 
Pelletier, with the following reiults: 


Hope. 

Klapr. 

Pellet. 

61.21 

— 69.5 

— <52 Strontian 

30.2 

— 30. 

— 30 Carbonic acid 

8.59 

— 0.5 

— 8 Water 

.IDO 

too 

too 


It has hitherto been found only at Strontian 
In Argyleihire, in a vein palling through gneifsj 
and accompanied by galena, heavy fpar, calca- 
reous ^ar^ and iron pyrites. 

STYRAX. See the articles Resin and 
*Bek7.oic Acid. 

suberic acid. See Cork. 
SUBLIMATE CORROSIVE. See Mer- 
cury, Mtdrial g/I 

SURUMATION. Suhlimircn, Germ. 

Sublimation is in the dry way what diilllla- 
tlon is in the moift. Thus if a finall quantity 
of fal ammoniac is put into a flalk, and heat is 
applied at the bottom, the entire fait rifes in the 
form of white fmoke, and condenfes in the up- 
per part of the flask in the form of minute 
cryllaltine particles, which is a fublimate* 

Sublimation is conveniently performed in 
the fmali way in common flasks, cfpecially the 
Florence oil fla.<ks, which being of green glafs, 
bear a low red heat very well. 

In the large v/ay, as in the making of cam- 
phor or fai ammoniac, it is alfo performed in 
very large glafs globes or earthen cucurbits, or 
fometimes, though rarely, in a feries of earthen 
veflels called Atudels^ fox which fee the Ap- 
pendix. 

SUCCINIC ACID. See Amber. . 

SUGAR. Sucre^ Fr. Zucktr^ Germ. 

Sugar if pure is a fubdance perfeflly tranf- 

* Edwardi*! HiRory 


parent and colourlefs when cryftalllzed, but 
when granular, of a pure glofly white, foluble 
in water and alcohol, without fmell, and with 
the tafte of fimple fweetnefs without any other 
flavour whatever. It melts by heat into a 
clear yellowiih tenacious liquid, and when 
kindled bums with a ftrong* flame, and a very 
pungent acid vapour. With the nitric acid it 
IS convertible chiefly into the oxalic acid. It 
is a molt powerful antifeptic, and is one of the 
molt grateful, and (when in mixture) one of 
the molt nutritive of all the alimentary fub- 
ilances derived from the vegetable kingdom. 

Sugar is never found pure and very rarely in 
a date approaching to purity, for it is always 
intimately .combined with mucilage and other 
vegetable principles^ to which it largely imparts 
its peculiar tade. 

Sugar is very extenfively dilTufed over the 
* 2 getablc kingdom.: in general it is elaborated 
b V the growth of the plants that yield it, being 
chiefly found when the vegetable has arrived at 
the date of maturity. 

The great fources of fugar are, the common 
juice or fap of plants, as in tlie fugar-cane, and 
maple fap, — the ripe fruit, as in the grape, 
<Iate, fig, in all of which it exfudes and efilo- 
refees on the furface when kept dry-— and 
the root (though in much fmaller quantity) as 
in the beet and parfnip. It is alfo elaborated 
during the fird germination of mod grains, 
particularly barley, as is feen in the procefs of 
malting. 

Sugar is fcaccely if at all contained in any 
part of the animal kingdom (honey belonging 
certainly to the vegetable) except in milk, and 
in the urine during that fingular difeafe, the 
diabetes mellitus. 

As almod all the fugar ufed by man is ob- 
tained from the fugar-cane, we ihall fird de- 
feribe the whole procefb of obtaining it from 
tliis mod excellent vegetable, and alfo from a 
few other fources though of trifling importance 
co^ared with the fird. 

The fugar cane* ( Sacrhnrum Arundinaeeum ) 
IS a jointed reed terminating in foarply ferrated 
leaves. 'Ehe body of the cane is dvong, brittle, 
and when ripe of a fine draw-colour, and it 
contains a fott pithy fubdance which affords a 
large quantity of that fweet lufeious agreeable 
juice from which the fugar is manufadlured. 
The average height of the mature cane varies 
from 3^ to 7 feet, or fometimes much higher, 
and in rich lands it puts forth a profuflon of 
fuckers from which the plant Is propagated. 

of the Weft Ifidiet 
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. The entire cultivation of the fugar-cane is 
laborious and. expenfive^ hut does not belong to 
the prcfcut fuhjc£l. The cancs when ripe afe 
cut clofe to the root and are pafTed between iron 
cylinders in a very powerful mill, by which 
all the juice is prefled out, and the cane itfclf 
is fo broken down and com prefled as to be 
quite dry and powdery. It is then called 
trajb^ and. is uled as fuel in the fubfequent 
operations. 

The cane juice conflfts of water, holding dif- 
folved a quantity of pure fugar, of tenacious 
mucilage, and of eflential oil, but no very exa£l: 
chemical analyfls* has been made of it. 'Ilie 
proportion of fugar ht good cane juice may be 
reckoned about one-eighth in weight, for (in 
Jamaica at leaft ) a pound of fugar from a gal- 
lon of juice iS' reckoned a good yield. The 
juice beiides has manv impurities fufpended in 
It, fuch as pieces of the, cane leaf and (lalk, 
a black, hard, probably flliceous crufl, w'hich 
furrounds the joints of the cane, and common 
dirt of the foil. It is the objedl of all the fub- 
fequent procefs to feparate the pure faccharine 
part from the other ingredients. 

As cane juice is extremely liable to ferment- 
ation, it could not remain at reft in any quan- 
tity for twenty minutes without fermenting, 
therefore the canes arc both prefl'ed as foon as 
cut, and the juice paflTes to the boiler immedi- 
ately after it is delivered from the mill. The 
boilers arc large copper pans called clarifiers^ 
with a fire beneath, the fuel of which is the 
cane traih. When the clarifier is filled and 
the fire lighted, the temper^ which is Bris- 
tol lime flacked till it falls to powder, is added, 
with the intention of neutralizing the fuper- 
abundant acid fuppofed to exift in the juice. 
From half a pint to a pint of lime is allowed, 
for every loo gailons of liquor. As the liquor 
grows not a thick feum rifes to the furfacc, 
and the heat is raifed nearly to boiling, but not 
entirely, that the agitation of boiling may not 
break the feum and again mix it with the li- 

a uor. After about forty minutes from filling 
le copper the fire is damped, and when the 
liquor has remained at refl for an hour, the 
clear part is drawn off with a fyphoni the feum 
falling down unbroken to the bottom. The 
liquor (if the canes were good) is now clear 
and nearly tranfparent, and pailcs immediately 
to the grand or evaporating copper. Here the 
juice is brought to boil as foon as pollible, and 
as the feum rifes it is continually taken ofT, till 
the liquo^ is fufficiently reduced by evaporation 
to be contained in a fecond and fmaller copper 
' roL. IL. 


into w^hich it pafles, and w^Kere it is further 
reduced by boiling, with occafional addition of 
lime-water if it continues foul, till the quantity 
is no greater than will fill the laft and fmaileit 
copper called the teache where the laft evapora- 
tion is condudlecl. The colour of the juice 
progreflivcly deepens as it becomes more con- 
centrated. In the teache the juice is evaporated 
till it becomes extremely thick and tenacious, 
and is now fo faturated with fugar that the 
latter will feparate in diftinff grains on cool- 
ing. The way of judging when the thickening 
of the hot liquor has arrived at this point is, to 
take up a little of it with a ladle, and as it cools 
to moiften the finger and thumb with it, and 
draw it out in a thread till it breaks, the length 
of which depends on the thicknefs of the 
liquor. 

The whole of the contents of the teache are 
then emptied into (hallow wooden coolers, 
where the fugar grains or runs into a coarfe 
irregular mafs of imperfedb cryftals involved in 
a dark treacly fluid. 

The fugary mafs is then parted to tl;e curing 
houfc, which is a large airy building, provided 
with a capacious eiftern, the fidcs or which are 
(loped and lined with tarrafs. Over this eiftern 
is a frame of mafly joift-work, on which are 
arranged a number of empty hog(heacls with- 
out headings, in the bottoms of which holes 
arc bored, through each of which the (lalk of a 
long plantain leaf is thruflr, that furves as a 
llrainer. The granular mafs of fugary extrafk 
is then laded out of the coolers into thefe 
hogiheads, where the melaflcs or treacley part 
gradually oozes through the fpongy (lalk of the 
plantain, and drops into the ciflern below, and 
the granulated fugar remains. In about three 
weeks the fugar is tolerably dry and fair, and is 
then fit for exportation as Raw or Mufeovada 
Sugar^ 

Raw fugar is a yellow granular mafs, more 
or Icfs brown according to its purity, dummy 
to the touch, refembling coarfc fand in appear- 
ance, and evidently compofed of roundilhr 
grains of fugar of diuerent fixes and hardnefs. 

All the fubfequent refining of raw fugar to 
bring, it to the (late fit for confiimption is per- 
formed in this country, but in the French* 
Well India Iflands, much of the raw fugar un- 
dergoes the further operation of claying^ by 
which it is purified to a great degree, and be- 
comes whiter and cleaner by the feparation of 
a large porrion of tlie mclalfes, and is univer- 
fally iifed in that (late to fweeten coflTee .and for 
moil domcilic purpofes. This procefs produces 
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the moift granular fugar, (imilar to that called 
in this country Lj/bon Jug^tr^ which is highly 
agreeable and ufeiul, though it is far fhort of 
the purity of the loaf fugar. The clayed or 
Lilbon fugat is made in the following way : A 
quantity of fugar from the cooler^ inftead of 
going to tlie common curing houfe, is put into 
conical earthen pots with the points (perfo- 
rated with a fmall hole) fet downwards and 
immerfed a little way in other earthen jars to 
receive the drippings. This hole is at firft 
clofed with a plug^ till the warm thick fugar 
liquor has become folid by cooling, which is 
known by the cruft at top falling in. The plug 
is then drawn, and the fyrup allowed to drain 
into the pots below for ten or twelve hours. 
After this, fome clay mixed with water to the 
tliicknefs of cream is poured on the top of the 
concealed fugar, and the water from the clay 
oozing down through the fugar, carries out 
with it at the plug hole, moft of the mclailes 
that the mere draining would not feparate. 
The claying is repeated a fecond or third time, 
by which the fugar remaining beneath it is 
made very white and pure. The pots remain 
for twenty days in this lituatioti, after which 
the fugar is taken out, dried in the fun for 
fome hours,' and then taken to a large ftove- 
room, where it is kept in a pretty ftrong heat 
for three weeks.** 

The Cochin Chinefs prepare a very excellent 
moift fugar remarkably cheap, by a very fimple 
procefs which a£ls Itmilar to the claying.^ The 
grained fugar after the grofs fyrup has drained 
ofF from . It,- and it has become confiderably 
folid, is placed in layers of about an inch thick, 
under layers^ of equal dimeniioiiS' of the herba- 
ceous trunk of the plantain tree, the watery 
juices exfuding from which, a£k like claying, 
and leave the fugar very white, and porous 
like a honeycomb* It is fuiliciently pure to- 
diflblve 'in water without leaving any fodiment. 

All thefe methods -however will not produce 
a hard whtte-^ramed fuN-bodied fugar compa-' 
rable to the naeft'loaf-fugar as is made* in, this- 
country^ fbt the ‘ntoiftTugars ave fttll coniider- 
ably loaded with melafles, and are partkuUrly 
inferior, to the loaf in preferving all kinds* of 
fruits, and vegetables^ 

The following is the ^general method of 
making loaf-fugar in Engkind,- which is'on the* 
whole extremely fimple in theory^ though 'af 
good deal of flcUl is required -in the manage-* 
jBient . 

The raw fugar is firft coarfely ground^, and 
^ Dift. Nat* Ailick CsNif 


about three hogfiicads of it are put into a cop-^ 
per pan. and dilTolved in lime-water. Some 
coagulable fubftance is then ufed to clarify it. 
The whites of eggs are on the whole the bed: 
for this purpofe, and large quantities of fea-* 
birds* eggs ufed to be imported into London 
for the purpofe, but being expenfive, bullocks' 
blood is now almoll univerfaily fubftituted to 
eggs which is mixed thoroughly with the dif«* 
folved fugar. It is then brought nearly to 
boiling, during which the blood coagulates and 
carries |up with it, in the form of a tough feum, 
moft of the impurities of the fugar. This 
feum is feparated by draining thewhole through 
a blanket, and the clear liquid is now fit to dc 
boiled down. • This evaporation is performed 
in the copper pans at a boiling heat, a neceflary^ 
inconvenience of which, however, is that the 
heat required gives a dark colour to the mafs^. 
which muft confiderably lengthen the future 
operations. The fugar-boiler judges by the* 
appearance and thread of the lyrup when it is 
boiled enough, at which time it is very thick 
and rich, and its boiling temperature is about 
232**. It is then let off into a Wge cooler, and 
when it is judged to be fufficiently cooled, it is 
ftirred for a confidcrable time with woodem 
paddles fixed to long poles till the fugar begins* 
to granulate, and the whole mixture to become- 
thick and opake. This occurs vrhen the tem- 
perature has fallen to :about 190% and it is then* 
lit to be poured into the moulds. Thefe arc- 
large conical earthen pots with a hole througlt 
the clofed or fmallcr encl^ and of different fizes, 
thofe intended for the fine loaf fugar hoUmg- 
about 10 or 12 lbs. of fyrup, and about twice 
as much for the inferior lump fugar. Each of 
thefe has its earthen jar beneath, into which it^ 
defeends low enough to be firmly fupported, and 
which is intended to receive tne drainings of*- 
the fyrup or treacle. The moulds with thefe pots*' 
are ranged in clofe rows in all the ftories of 
the building above the ground floor (where the' 
pans and nirnaces- are fixed) and the whole*' 
boufe is heated by iron flues, to keep up a*- 
pretty warm temperature during* the whole ‘ 
time that the fugar is prCparkig^ 

The fyrup, thickened- by ftkrirtg; and'co'oleci*- 
down to about 1 90^, -is then poured into the* 
mouMs,'^ the bottom hole being firft * plugged*' 
up, and in about four hours the contents have* * 
haidened into a foKd mafa of ' fugar^ except a* 
portion of uncongealable fyrup which remains- • 
at the bottom.^ The plug is then wiriidrawn^ 
and the fugar in the moirid is allowed to drain 
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for about 36 hours undifturbed. The green 
fyrup as it is called^ or that which falls during 
all this time^ is carefully collected and kept 
apart from the Ooarfer fyrups. It is brownifli, 
but free from any burnt tailci and is flili very 
rich in faccharinc matter. It is ufualiy mixed in 
certain proportions with the raw fugar in the 
next boiling, fo that in fa£l the contents of 
every boiling confiil of raw fugar and the fy- 
rups of previous operations in regular iuccef- 
iion . 

The fugar from which the green fyrup has 
fubfided is now of a better colour, and much 
purer than the raw fugar, but it is brought to 
its highcil degree of purity by claying. 

A mixture of pipe-clay and water is then 

i )Ourcd on the furface of the mould and al- 
owed to remain for four or five days, during 
which the clay dries, fiirinks, and at laft readily 
comes off in a folid cake. In general two more 
clays are added fucccffively at the fame inter* 
val. If the loaf is examined in different periods 
of the claying, the upper, or broader end, will 
be found hard and white, and the brown treacly 
fyrup which it is the objeft of claying to get 
rid of, will be feen gradually fettling towravds 
the point of the loaF^ and at lad will be totally 
expelled and fall into the pot below. A fine 
ioaf therefore is not confidcred as pcrfe£kly 
clayed till the lower part fully equals the upper 
in whitenefs. There is alfo confiderable differ- 
ence in the colour and finenefs of the fyrup 
during the fucceifive clayings, that of the fird 
clay being in this cafe the coarfed; and the 
others much purer, for the two lad clays arc 
only employed in cleaning the very point of the 
loaf, fo that the fyrup from thefe mud contain 
a good deal of pure fugar which the moidure 
from the day has didblved before it reaches 
the fyrup. When the claying is compleated 
the moulds are left undidurl^d for a day or 
two, after which die loaves of fugar are turned 
out, and are then folid, white, and pure. To dry 
them compleatly they are put for three or four 
days in a fmall 'chamber heated by a dove fo 
ftron^ly that a perfon unufed to it could hardly 
remain in for half a minute, and here the fugar 
is rendered much more hard, white, and beau* 
tiful. It is then taken out, and is fit for fale. 

All the fyrups and runnings from the 
moulds are more or lefs rich in fugar, and are 
all treated in a fimilar manner with the raw 
fugar, to make loaves or lumps of inferior qua- 
lity, and ' the ' fyrups from thefe again are 
worked as before for a dill coarfer kind, llie 
' mod ordinary loaves are oalled baftards and ard 


made entirely from the green or firft fyrups of 
the coarfer loaves, without any admixture of 
raw fugar. The badard loaves require more 
heat than the finer forts, the treacly part being 
much more vifeid, and they remain longer on 
the moulds before claying. They are alfo onW 
flightly clayed, for the runnings from thefe 
form common treacle^ the price of which is fo 
much inferior to any folid fugar, however 
brown, that it is an objc£t to the manufaflurer 
to leave as much treacle as poflible in the 
coarfer loaves, confidently with giving them m 
faleable colour and grain. Hence the texture 
of thefe loaves is much fofter and more open, 
and the grain loofe. The lower part of the 
badard loaves, which is much more difcoloured 
than the upper, even after claying, is cut od', 
and w^hen ground it forms the mod ordinary 
kind of moid fugar, and the upper part of the 
fame loaves forms the common moid fugar. 
But the fined white moid fugar is clayed muf- 
covado, prepared in the French manner in the 
Wed Indies, as already mentioned^ 

Sngar Candy. 

Sugar candy is fugar brought to a regular 
form by flow crydallizatioii. The management 
of it differs confiderably from that of loaf 
fugar. To prepare it the fyrup is clarified As 
ufual, and TOiled down to a certain point, but 
not fo much as for making ioaf fugar. It it 
then poured into large oblong moulds or boxes, 
into which a light frame is provioufly fixed^ 
holding ftretebed from one end to the other a 
number of cords of packthread. The mould 
filled with fyrup, is then put into the drying 
dove, and fuffered to remain undidurbed for a 
confiderable time, during which the fugar gra- 
dually depofits in crydals around the threads. 
The mould is then removed, and the frame is 
lifted out, with every thread thickly and very 
beautifully encruded with the candy, and is 
afterwards drained to free it from the adhering 
fyrup. Sugar candy differs from common fugar 
in being much harder and tranfparcnt. Tne 
brown fort crydallizes full as regularly as the 
white, but becomes clammy and deliquefeent in 
a damp air, whereas the white candy remains 
always dry. On account of its fuperlor hardnef? 
it is lefs eafily foluble than the loaf fugar, and 
appears to have much lefs tade, but it has full 
as ftrong a body of fugar, and would be excel- 
lently calculated for pveferving all vegetable 
food, if the price was lower. The foie differ- 
ence between the white candy and the fined 
loaf appears to be in the form, which in the 
candy is the natural falinc fotm of fugar, but 
2x2 
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in. the loaf; is granular, owing to the agitation 
given to it for this exprefs purpofe whilll cool- 
ing. The cominonelt form of the regular cryC* 
tals of fugar candy is an oblique four-fided 
prifm, terminated by dihedral fimimits- 

A valuable fugar is extra£l;ed in many of the 
States of North America, from the juice or fap 
of the lugar-maple T'hc tree is tapped with 
an augre, which is introduced about two inches, 
and a projedling fpout is made below it, un- 
der which troughs are fet to catch the juice. 
The feafon for tapping is from February to 
April, for ab^out fix weeks, during which time 
:i moderate-fized tree will yield from 2o to 30 
gallons of (iip, from which may be made about 
5 or 6 lbs. of pretty good fugar. During the 
rell of the year the fap will flow from the 
wound, but it is too thin and watery to be ufed 
with advantage for making fugar. This evacu- 
ation does not appear at all to injure the tree, 
for the fame procefs may be repeated every 
year for a great length of time ; and the juice 
IS even more faccharinc from the trees that liave 
been previoully wounded, than from the frelb 
trees. 

This juice is clear, pleafant-tafted, and highly 
faccharine. It is made Into fugar by the farmers 
in the country, and with a fimplc apparatus. It 
is ufually clarified with lime and white of egg 
for milk) boiled down, grained and clayed, in the 
manner of the cane juice. Another method 
occaflonallv pra£lifcd is, to reduce the quantity 
of liqukl oy freezing, where the feafon will 
allow of it, which is preferable to entire evapo- 
ration and cheaper. The common maple fugar 
is clean-looking, and very fweet, but with a pe- 
culiar though not uuplcafant tafte. It niay be 
made intO’loaf fugar probably equally well with 
the mufeovado, but it is chiefly employed in a 
half purified ilate, like the common moifl fugars. 
The maple juice will alfofurnifh a pleafant wine 
by fermentation and a good vinegar. 

The faccharinc quality of the juice appears to 
be highly improved by careful cultivation of the 
tree. 

Among the vegetables indigenous to the mid- 
dle and north of Europe, which are fenfibly 
faccharinc, the beet root is found to exceed them 
all in the quantity of fugar which it contains.. 
This was afeertained by Marggraf, • in feme 
valuable experiments made with a view of dif- 
covering fome native fugar which might be a 
fubftitutc for the foreign fugar, when the latter 
* Pr. Rttib, fhU. Mag. vol, j. 


is expenfive and beyond the reach of the pea« 
fant. 

Two methods were purfued by this accurate 
chemifl. One was to dry a given portion of 
the vegetable,' to boil it in re£rificd alcohol^ 
and then keep the alcoholic Iblution at reft for 
a time,- by which the fugar will feparate in 
cryftalline grains. This mode however is much 
too expenfive to be purfued in manufa£lurc, but 
it ferves as an ufcful indication of the comparative 
proportions of fugar in different vegetables, 
though the quantity obtainable by the ufual 
mode of manufacture appears to fall far lliort 
of what is yielded by treatment with alcphol. 

The other method was to imitate in the fmall 
way the procefs performed on the fugar cane 
juice, which alfo was attended with a certain 
degree of fuccefs. The experiments of this 
celebrated chemift are the following ; three roots 
were fcled^ed, the white beet, the red beet, and 
the fkirret, all of which give evident indica- 
tions of abounding in fugar, for when cut in 
dices and dried their tafte is very fweet, and* 
the microfeope (hews a number of cryftalHne 
grains of fugar difperfed tlirough their fub- 
itance. 

Some flices of white beet thoroughly dried* 
hut not burnt, were powdered coarfely, and 8 
oz. of this powder again dried, vrere put into a 
bottle with 16 oz. of highly re6rified alcohol, 
and being loofely ftopped, the liquor was flowly* 
brought to boil on a fand-bath^ with frequent 
fhaking. The vcffel was then removed, the 
fokition filtered, and the powder prefled ftrongly 
to fqueeze out all the liquor. This clear folution^ 
was then put into a bbttle which was corked, 
and fet by in a cool place. A cryftallized fait 
depofited gradually in the couvfe of fome weeks, 
which was hard and tolerably pure fugar. This 
was rcdifiblvcd and again cryftallized in the fame 
way, by which a very pure fugar was obtained. 
In this way 8 oz. of the white beet root gave 
half an ounce or ^7 fugar;; 8 oz. of (kirret 
root equally dried, gave 3 drams, or about 
of fug^r ; and the fame Quantity of the red beet 
gave only zi drams, or about tV of fugar. The 
lolution however dill contained a quantity of 
fugar mixed with the refinous part of the root, 
and if it is evaporated to drynefs, a fweetifti un» 
cryftallized extr;t£^ remains. 

The (kirret root was then treated in the 
following manner without alcohol, with a view 
of extra Aing the fugar. A quantity of it was 
chopped fmall, bruifed in a mortar, and the juice 
expreffed through a cloth, bkg, and the pulp was 
« Mem. 4c I'Acad* tU hcrUo, to X747« 
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agafn moiltened with water and expreflcd to was fo great that a reward was' given to him by' 
get out all the faccharine liquor. The whole the PrulTian government for' his elaborate expe«- 
liquor was then kept at reft for 4B hours, in a rimenis } which it was hoped would enable the 
cool cellar, by which moft of the feculence fub- Continent of Europe to fupply itfclf with fugar 
fided, and the clear liquor was carefully drawn from the produce of its own foil, and to be no 
ofK The author lays much ftrefs on this part longer dependent on the "Weft Indies for this 
of the procefs, which, if it is not done properly, eflential article of food. The experiments were 
oonfiderably hinders the fubfequent production made on a fulficiently large fcale, and the fuccefs' 
of the fugar; The .clear liquor was then heated - was fuch as to require fome notice in this place, 
in a copper pan, clarified with white of egg, but as feveral years have elapfcd fince theft* 
and boiled down to the conliften'ce of thick trials were made known to the world, without 
fyrup, and kept jn this ftate for about fix months being followed by any general attempts to purfue 
in a warm place,, by which it concreted into a them, we muft conclude that the expence and 
femi-fluid cryftalline mafs, compofed of impure trouble of obtaining fugar from this fource* 
cryftals of fugar and a good deal of fyrup. The are as yet more than the coll will repay, efpe- 
. whole mafs was then a little warmed, to give the cially during the prefent comparatively low 
fyrup a little more iluidity, and pouretl into a price of Weft India produce. > 

funnel-lhaped veflel of tinned iron, with holes The plant which yields this fugar is the Wv/r 
at the fides and bottom, and fet by in a warm hett^ the root of which refembles the parfnip in 
place }; by which, after a confiderable time, the fliape, and is white crofled vfitli bands of red, 
impure uncongealable fyrup flowly filtered to and has a mild fwcetilh tafte. It is remarkably 
the bottom, leaving the purer faccharine part fucculcnt, and the faccharine quality of the juice 
in the form of a brown granular mafs. The feems to be much improved by c.'ircful cultiva* 
latter was then rediflblved in water, again clari- tion in a rich foil. It has long been cultivated 
fied with white of egg, ftrained, boiled with a in many parts of Germany as ^d for cattle, 
little lime, again ftrained, and then evaporated The procefs given by Atdiard for cxtra£ling. 
to a thick confiftence, and ftirred till cold. A the fugar is the following. ^ The roots are 
fugary vifeid mafs ftill purer than the laft was pulled, cleaned, the leaves llrippcd off, and then 
thus obtained, which, on being kept for a week boiled for a fltort time, till they are fo far foft- 
in a funnel'fhaped pot with a Angle hole at- ened that a ftraw may be thruft into them, 
bottom, plugged up, congealed into a grained They are then fliced by a machine ufed in tlie 
fugar equal to good mufeuvado, from which a country for Hieing potatoes, and put under a 
fyrup feparated and dropped through when the very ftrong prefs to cxtradl the juice. The cake 
plug was withdrawn. ^ which remains in the prefs ftill retains enough 

Such is the procefs of this chemift to obtain juice to make it worth wlule to moiften it with 
a fugar from the Ikirret root, and he pro- water and after fome hours again to prefs it } 
ceeded in the fame manner with the white and this juice is mixed with the former. Even after 
red beet root, and with the fame fuccefs. He this fecond preffmg the cake may be ufcfully 
further obferves, that he rafped the beet roots, employed in making a fermented liquor, from • 
being harder than the Ikirret, that the muci- which a fpirit may be cxtradled by dillillation. 
laginous depofit from the beets was browner and The juice is then ftrained through a flannel, 
lefs copious than from the Ikirret ; the fugar boiled down to two-thirds of its original bulk, 
from the white beet was the moft abundant and again ftrained through a thick blanket, and then 
the pureft, and that from the red beet was the boiled down to half its bulk, and ftrained. It is 
leaft fo. The mucilage or fediment from the now of the confiftence of a thin fyrup, and muft 
Ikirret wafhed with cold water and purified, be put in fliallow pans iti a ftove-room, heated 
yielded a very good white farina. to about 120®, to allow the fugar to cryftallizc. 

All thefe roots are very watery. The white This begins by the formation of a hard cruft on 
beet lofes by gentle, but entire, deficcation, full the furfacc, which muft be now and then broken 
three quarters of its weight, and the red beet down to haften the evaporation. After a time 
feven eighths. there forms on the furfacc a thick gummy Ikin, 

Mr. Acbard, of Berlin, a few years ago di- inftead of a hard granular cruft; when this ap- 
refked his attention to the extraflion of fugar pears, the fyrup is removed from the ftove-room, 
from the beet in the large way, and bis fuccefs and the whole mafs is put into a clofe linen fack 

''Aa. Chen. ten. 3a, 
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^revioufly wetted^ and ftrongly, but gradual! j when congealed in a mould, gave a loaf of 
prefied. By this the fyrup is forced througn tolerable mgar weighing 4 lbs. the tafte of 
the fack, and there remains within it a yellow which was precifely the fame as that of corn- 
granular faccharine mafs, refembling mufco- xpon fugar of equal finenefs. 
vado fugar, very fweet and well tailed. From In another experiment condu£led in a fimUar 
tliis, fugar of any .degree of finenefs may be manner only 3^ lbs. of fugar was obtained, 
.afterwards made by the procefles commonly On repeating thefc experiments in the large 
employed in the refining of cane fugar. way, with feveral .improvements in the appara- 

Buch is the procefs of Mr. Acnard, which tus and procefs, he obtained (as he aflerts ) from 
was repeated by a commiilion from the French 100 quintals of beet root, 200 lbs. of brown 
Inilitute, s with finiilar refults as to the general fugar, which, purified to a confiderable degree, 

f »rodu£ls, but the quantity yielded was much were reduced to 180 lbs. ThU proportion is 
efs than what might be inferred from the price much inferior to that of the former experiments, 
which Mr. Achard gives as the iirft cofl to the The ufe of the charcoal is to deltroy a quantity 
manufaflurer. of colouring matter, and alfo a bitter unpleafant 

According to thefe fubfequent experiments, tafte which the beet contains. The power of 
purfued precifely in Mr. Achard’s method, recently heated charcoal in clarifying faccharine 
1152 parts of the frefh beet root yielded 18 liquors, and depriving them of all foreign colour, 
parts of raw mufeovado, which was brown and fmell, and tafte, has been already mentioned in 
ill tafted, and would require fucceflivc purifi- this work under the article Charcoal^ p. 238, to 
cations, with the lofs of from -j to nearly \ its which it may be added that attempts have been 
weight, to bring it to the ftate of fine faleable made to introduce it into the fugar refineries in 
lugar. this country, but whether from the cxpence and 

It flioirldbe mentioned that the tincryftallized bulkinefs of the charcoal, or from the difficulty 
fyrup and all the refufe, afford excellent mate- of perfuading v^orkmen. to alter their accuftomed 
rials for fermentation, and hence for the pro- habits, the plan has never been carried into 
.du£lion of ardent fpirit, or a kind of rum. pra£lice. In experiments in the fmall way the 

.Experiments on the extraflion of fugar from clarifying power of charcoal is very ftriking 
the white beet have alfo been made in the large and eafily uiewn, for if a funnel lined with fil- 
way by ProCeiibr Lampadius of Freyberg, the tering paper, is (illed with frelh-burnt charcoal 
refults of which are reprefen ted as very favour- bruifcd to a pretty fine powder, and a folution 
able to the undertaker. As the procefs cm- of the coarfeft brown fugar be poured on it, as 
ployed fome what differs from that of Mr. Achard, it drops through the funnel it appears fine, 
we (hall give it in a few words. He took limpid, and nearly colourlefs. The lame effedb 
ICO lbs. of frefh beet roots, peeled, rafped, and is produced more rapidly by boiling the fyrup 
expreffed them, and obtained 44 lbs. of juice, with the charcoal for a few minutes and ftrain- 
This he put into a boiler, and added to it 44 oz. ing. 

of broken charcoal, previoully made red-hot Profeflbr Lampadius alfo fuggefts the advan- 
in the fire, and lifted when cold to feparate tage of reducing the bulk of the faccharine juice 
and rejc£l the fine powder. This he boiled for by freezing, which if not urged too far, will 
a quarter of an hour and ftrained the juice feparate much of the watery part in the form 
through flannel, and again returned the clear of ice, fo that Icfs fuel will be required in the 
juice into the velTcl and boiled it down to the evaporation. 

confifteiice of fyrup. This was fet by in a cool This chemift however candidly confefles that 
place for a fortnight, during which it granulated^ in one experiment made on loo quintals of 
and the whole was ftrongly preiTed through a the root, the fugar obtained fold for fomewhat 
cloth to feparate the fyrup from the congealed lefs than the entire coft of the materials and the 
fugar. The latter Was then rediflblved in hot procefs, but this was in a cold unfavourable 
water, feummed while boiling, clarified by lime- year, and did not indude the profitsto be made 
water and blood, and again let by fpr 48 bourns from all the refidues in yielding ardent fpirk^ 
.to granulate. The cryftals were now larger &c. 

and of a better colour than -before^ and were 'Phyfical and Chetnical Prt>perties of Sugar. 
again boiled with lime-water and a pint of Pure fugar appears either in a regularly cryf- 
fkimmed milk, and cooled as before, by which tallized form, or in ftxining white cryftalitne 
a blueiih faccharine mafs was obtained, which, grains. Both in candy and in loaf it is very 
f An. Chem. tom. 3.5. ^ Journ. de Phyf. tom. 50. * An. Chem. tom. ^8. 
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Hard and brittle. It is void of fmcll, and its 
taftc is that of pure fweetncfs. When hard 
loaf fugar is rubbed in* the dark it is highly 
luminous. 

Sugar is very foluble both in water and al- 
cohol. The watery folution may be preferved 
for a length of time un^tercd if the fugar is 
purct but if it is mixed, with mucilaginous^ 
farinaceous, or other matters, it readily, enters 
into the vinous fermentation. In this procefs 
the ftrength of the liquor and quantity of 
alcohol produced, depend dire£lly on the quan- 
tity of fugar prefent, whence the moil eflential 
part of the procefs of vinous fermentation is 
reafonably inferred to be the converfion of fugar 
into alconol. From comparing the produ£ls 
with the materials of fermentation, Lavoifier 
concluded that fugar was a triple compound of 
a 8 parts (by weight) of carbon, 8 parts of 
hydrogen, and 64 parts of oxygen. 

Sugar melts at a heat confiderably above that 
of boiling water, and forms a blood-red vifeid 
fluid, which when cooled has a not ungrateful 
flavour of empyreuma mixed with the natural 
fweetnefs. When melted, it takes fire on ap« 
plying a lighted fubllance, and burns with a 
urong red flame, and a peculiar and very pene- 
trating odour which excites coughing, and is 
owing to the produflion of an acid. 

If fugar is difiilled per fs from a glafs retort 
with a heat gradually iricreafed’ to rednefs, and 
the produ£ls carefully collefted, they will be 
found to be, firft a coloured liquor ftrongly 
acid and pungent, which is called the Pyromu^ 
cousji being the fame as is furniflied by muci- 
lage under a fimilar treatment. A large quantity 
of gas comes over at the fame time, which is 
hydro-carbonat mixed with a little carbonic 
acid, and a very pure charcoal is left behind, 
which burns away in the open air without 
leaving any refidue.* Neither axot, ammonia, 
nor lime, or any other fubftance, is obtained in 
this procefs; fo that fugar is one of the purefl 
hydro-carbonoiis oxyds that we know. 

Under the article Mucilage we have mention- 
ed in part the very intcrefting refearches on the 
comparative nature of fugar and gum or muci- 
lage, carried on bv the laft mentioned eminent 
dhemift. It was tiiere mentioned that fu^ar by 
being treated with phoi^hurct of lime (a difoxyr^ 
genating fubftance) loft its faccharine nature, 
and was converted into a clammv fubftance no 
Idnger foluble iii alcohol, whicn ftrongly re- 
fembled mucilage. The converfc of this expe- 
nmelkt however, (that is of converting mucilage 


into fugar by an oxygenating fubftance) wouiS- 
not anfwer, for when nitric and oxymuriatie* 
acid were pafled through a folution of gum- 
arabic in various ways, nothing faccharine' 
could be obferved, but the whole was converted 
into the oxalic and other acids. 

The a£lual chemical diflerences between mu- 
cilage and fugar, as found by Mr. Cruikfhank, 
are the following: fugar is foluble both in water 
and alcohol, and cryftallizable from either folu- 
tion; but mucilage is infoluble in alcohol, and* 
refufes to cryftallize from its watery folution. 
480 grs. of^fugar yielded by diftillation 120 grs. 
of charcoal, 270 grs. of liquid pyromucous acid, 
41 oz. mcafures of carbonic acid gas, and 119 
oz. meafures of hydro-carbonat gas:— the fame 
quantity of gum arabic yielded 96 grs. of char- 
coal, 210 grs. of pyromucous acid, 93 meafures 
of carbonic acid, and 180 of hydro-carbonat. * 
It alfo gave about 10 grs. of lime, and the acid 
when faturated with lime gave out a little am- 
monia, and hence lime and azot are fubftances 
that belong to mucilage and not to fugar. 

The habitudes of each fubftance with nitrie 
acid alfo differ confiderably, as already mention-' 
ed in part under the article Mucilage. When 
gum-arabic (for example) is heated with nitrous 
acid only till nitrous gas begins to be difengaged, 
a quantity of white infoluble matter precipitates 
which is the Mucous acid, and the refldue is 
malic acid wliich a further addition of the 
nitric converts into oxalic. But fugar is changed 
into oxalic, or malic and oxalic acid, without 
the produdlon of any mucous acid. The quan- 
tity of oxalic acid produced from a given weight 
of fugar with nitric acid alfo exceeds that 
yielded by the fame weight of mucilage with 
the fame proportion of acid. 

In the fpontaneous changes alfo fugar and 
mucilage differ cflentially. Sugar being the 
eflential material of the vinous fermentation, but 
mucilage is incapable of this procefs when pure, 
and appears to contribute little tb the generation 
of alconol when in combinatibii with fermenting 
materials. 

SUGAR, Acid of . Sec Oxalic Acid. 

SUGAR, Empyreumatic Add of Sec SUGAR-- 
and Pyromucous Acid. 

SUGAR OF I.EAD: Sec Le4d. 

SUGAR OF MILK. Sbe Milk. 
SULPHUR, Soufre^ff. Schwfcf^ : 

Germ. 

Sulphur is found both in the mineral, vege- 
table, and animal kingdoms, in the two latter 
however it occurs fo rarely that all the vaft 
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commercial demands for tills fubftance are Tup- 
plied from the former fource. Of mineral ful- 
phur there are two great familieSy flrft, native 
fulphur^ or uncombined with any confidcrable 
proportion of other ingredients. Secondly* 
fulphur in union witli metallic bafeSy forming 
the various pyrites and fulphurated eresm Of 
.thefe* the latter are deferibed under the various 
metals from which they derive their fpecific 
charafters; the former we ikall now proceed to 
give an account of.* 

The colour of native fulphur is a pale 
jliglitly greenifli yellow, palling on* one hand 
into grey, and on the other into lemon yellow. 
It occurs in mafs, dilTeminated, in rounded 
fragments, cellular, ftalaftitic, fuperficial, and 
iCryllallized. Its primitive form is a very acute 
odtohedron compofed of two tetrahedral pyra- 
mids with fcalenc triangular 'faces joined oafe 
to bafe i the common bale of the two pyramids 
is a rhomb, the two diagonals of whicn are to 
fcach other in the proportion of five to four. 
The other varieties of cryftallization that it 
prefents, arc the following. 

1. The primitive figure with the fummits 
truncated. 

2. The fame as the preceeding with a low 
tetrahedral pyramid fet upon the terminal trun- 
.catures. 

3. The primitive figure with two oppofite 
folid angles of the common bafe truncated. 

4. The primitive figure with a tetrahedral 
prifm iiiterpofcd between the pyramids. 

5. A cuneiform o6tohedron. 

61 A cuneiform hexahedron. 

The cryftals are generally fmall and ill de- 
fined, but thofe from Sicily arc for the mod 
part perfeft, and arc fometimes full five inches 
in length. They are generally grouped toge- 
ther.' The cryitals externally are very brilliant, 
with a luftro between refinous and adamantine; 
the other vaiicties arc more or lefs glidening. 
Its fracture is fine-grained uneven, palling on 
the one hand to conchoidal, and on the other 
to fplintcry. Tlie crydals arc often femi-tranf- 
parent, the other varieties arc more or lefs 
iranfluccnt. It is foft, brittle, and cafiJy fran- 
gible. Sp.gr. 1.99 — 2.03. 

Sulphur by friction acquires *the refinous 
cleft ricity; the tranfparcnt cry Hals arc in a high 
degree doublc-rcfraftive. 

Sulphur is found fometimes, though rarely, in 
veins in primitive mountains, its common repo- 
fitory is in beds of fecondary gypfum, where it 
9«'.;;ars principally in nodules^ it is fometimes 


alfo met with in beds of indurated marl and 
compaft limedone. Volcanoes alfo abound in 
fulphur, which fuhlimes in tlie rifts and cavities 
of the lava. 

Stratified fulphur is met witli in Sicily, at 
Conilla near Cadiz in Spain, near Bex in owit- 
zerlaild, in Lorraine, Hanover, Gallitzia, and 
Poland: volcanic fulphur is obtained from Etna 
in Sicily, the Solfatara near Vefuvius, Hecla 
in Iceland, the Peak of Teneriffe, the Soufiriere 
in Guadalupe, &c. 

The proper native fulphur fcldom contains 
any foreign matter except a fmall proportion of 
earth; the whole preparation therefore which 
it requires for the purpofes of commerce is to 
be freed from its earth by didillation, and then 
melted and cad into moulds. 

The fulphur at the Solfatara is in nodules con* 
fiderably mixed with a white earth; theie being 
dug up and broken to fmall pieces, are put into 
earthen pots arranged in a double row along a 
very fimple furnace; the hole in the upper part 
of each pot by which it is charged is clofeJ 
with an earthen pipe, and a little lute: and on 
the application of a gentle heat the fulphur is 
volatilized, and pafles through the pipe into an 
earthen receiver where it concretes; the con- 
tents of the receivers are then melted in a caul- 
dron, the impurities either rife to the top where 
they are feummed off, or fubfide to the bottom; 
and the fulphur thus purified is run into 
moulds. 

In England a large quantity of fulphur is 
obtained at a fmall expence from the pyritical 
copper ore during the reading which this un- 
dergoes previous to the procefs of fmelting. 
At the celebrated Parys mine in Anglefey, 
works for this, purpofe are condrufted on a 
large fcale. At the foot of a low but deep 
ridge of rock, arc condrufted mafies of ma- 
fonry not unlike high blad furnaces, except 
that the "top is capped with a dome of brick- 
work, from which proceeds a horizontal flue* 
about the fize of a common chimney, which 
terminates in a fquarc or oblong brick chamber, 
built at the top of the rock. Some lighted fuel 
is introduced by means of a door in the dome 
of this roafting furnace, and a few balkctfuls of 
ore, broken into moderately fmall pieces, are 
thrown on it, frefii parcels of ore being added 
from time to time as the preceding parcels get 
lighted; a fufficiency of air for the flow epm- 
biidion required in this procefs, is let in by 
means of a door at the bottom of the kiln^ 
which alfo ferves to take out the ore by wheii 
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4>roperly ro^ftcd; that part of the fulphur 
which efcapes combuflioii rifes in vapour, and 
colle£ts in the dome (the door of which is only 
opened to admit freth charges of ore) whence 
it pafles through the flue into the cliamber» 
where it prcfently concretes, lining the fides 
and roof ; each chamber has a door byi means 
of which, about once in fix weelcs, it is cleared 
of the fulphur. This rough fulphur is in 
fpungy pulverulent crufts, of a dirty greyifti 
yellow colour. For its purification it is melted 
in a boiler, the impurities are got rid of by 
feumming and fubfidence, and the fluid mafs is 
then laded into cylindrical moulds to form the 
common roll fulphur or brimftone, or into 
cones about two feet high forming the loaves of 
'fulphur. The impure dregs are alfo fold in 
the (hops under the name of fulphur vivunt. 

Befides the common fulphur there arc two 
other forms in which this fubftance appears in 
commerce, namely, the fublimed, or flowers of 
fulphur \ and the precipitated, or magtjlery 9 f 
fulphur. 

Flowers of fulphur are prepared In the labo- 
ratory, by heating in a fand-bath an earthen cu- 
curbit charged with roll fulphur, and fur- 
mounted by a fet of aludels; at a gentle heat 
the fulphur firft melts, then rifes in vapour, and 
concretes within the aludels in the form of a 
glittering yellow powder, which when exa- 
mined by. a microfeope, appears to be compofed 
of minute cryftals. Flowers of fulphur are 
made in the large way by condu£llng the va- 
pour of melted fulphur into clofc chambers in- 
licad of aludels, and being prepared with Icfs 
care it is often inferior in purity to that ob- 
tained by the former metliod. Flowers of ful- 
phur, however prepared, are more or lefs acid- 
ulous from a mixture of fulphureous acid, on 
which account an infufion of them in water, 
reddens tincture of litmus; this acid, however, 
may eafily be got rid of by waftiing the powder 
firft with a warm and very dilute foliition of 
pearl-afli, and then with two or three fucccflive 
parcels of warm water. 

Magiftcry of fulphur is prepared by decom- 
pofing by the fulphurlc or any other acid a 
folution of alkaline fulphuret; a copious white 
precipitate falls down, which is to be thoroughly 
edulcorated with fucceflive portions of warm 
water. Sulphur in this ftatc has a dull earthy 
appearance, owing to its extremely minute ftate 
of divifion ; it is of a yellowifli wliite colour, is 
fmooth and almoft un£luous to the touch; by 
esKpofure to light it acquires a ypllow colour, 
ll' is generally looked upon as the purell form 

VOL. !£• 


of fulphur, yet from foine of its properties ami 
the mode in which it is prepared, there is fome 
reafoii for fuipeclirig that a portion of hydrogen 
enters into its compofition. 

The fulphur that is procured in the roafting 
of ores, efpecially thofe of copper, is apt to 
contain befides earthy impurities a very notable 
proportion of arfcnic, while on the other hand 
the volcanic fulphur in general, and that of 
Sicily in particular, is entirely free from this 
contamination. This is the caufe of the uni- 
verfal preference given by the manufafturers of 
fulphuric acid to Sicilian, over Knglifh fulphur; 
and hence it is a matter of fume confcquencc 
to be able to afeertain in a compendious and 
fatisfadlory manner the purity of any particular 
fample of this fubftance. The following me- 
thod will, we believe, be found to anfwer every 
praftical purpofe. Having rubbed to fine pow- 
der in an earthen-ware mortar fome of the ful- 
phur to be examined, take loo grs. and put it 
into a Florence flaik with 5 oz. meafures of 
the bejl oil of turpentine; heat the mixture 

f gently over a lamp, or a pan of charcoal, till it 
las boiled for about a minute, then pour the 
clear hot folution into a fix or eight-ounce via!, 
ftop it with a cork, and fliake it till the liquor 
has cooled down to the temperature of die 
hand ; it will now be quite turbid with fulphur 
that has feparated from tlic oil during its cool- 
ing, and being run through a glafs funnel very 
lightly plugged w'ith line tow wdll pafs out 
clear, leaving the fulphur behind. Tlie oil is 
now to be again transferred to the fulphur re- 
maining in the flaik, and to be a fccond time 
boiled, cooled and filtered as before. By re- 
peating this procefs four or five times, there 
will be left only a brownifli orange relidue, on 
which the oil wiy refufe to aA any longer. 
This refidue being laid on a piece of earthen 
Ware is to be expofed to a heat not higher than 
that of melting lead, till it ceafes to exhale any 
fulphureous vapours; being then rubbed up 
with a little moiftened charcoal, and prefled 
into the bowl of a tobacco-nipe or any otlier 
convenient vefl’el, it is to be neated nearly red, 
upon which a white vapour will arife, and fliow 
itfelf ‘to be arfcnic by its peculiar garlic odour. 
The fulphur precipitated from the oil of tur- 

E entitle may be entirely freed from this latter 
y expofurc to the air and light for a day or 
two; it will then be of a beautiful fparkUng 
yellow colour (far fuperior to that of the com- 
mon flowers of fulphur) and entirely inodorous. 
The common Englifti brimftone or roll fulphur 
fometimes contains a full of infoluble refi- 
2 Y 
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chieflj. orpimentv the beft Sicilian fulphur 
in (mail rolls, contains hardly more than 3 per 
cent, of relidue which appears to be little elfe 
than earth, as it affords no arfenical odour when 
heated with charcoal.. 

To the tafte fulphur is perfedly^ inlipid, 
when broken down however by the teeth, it 
inanifefts a peculiar indefcribatxle grittinefs, 
which lufficiently dillinguiflies it from all other 
•bodies. It is inodorous at the common tempe- 
rature, but when rubbed a flight fetid fmell is 
fufficiently perceivable^ if a roll of fulphur is 
held for a minute in a moift warm hand, it 
breaks acrofs with a fharp crackling not unlike 
the fnapping from the difeharge of an ele&rical 
ipark, the hand at the fame time contra^is a 
peculiar difagreeable odour, which lafts fome 
minutes. When expofed to a temperature of 
about 224* Fahr. 4t melts into a tranfparent 
brownifh red fluid; by an increafe of heat, the 
fluidity diminillies and the fulphur begins to 
fublime in vifible vapours^ when it fomewhat 
exceeds the temperature of 300^ Fahr. its con* 
fiftence will be vifeid and thick like treacle, and 
the vapour will tak^ fire, the inflammation in- 
fiantly fpreading to the reft of the mafs. 

If a crucible or ladle full of fulphur be al- 
lowed to- cool gradually, and the fluid central 
part be let out juft before it folidifies, Iw pierc- 
ing the outer cruft, the cavity will be found to 
be entirely Hned with compreiled needle-fliaped 
cryftals. When fulphur has become vifeid by 
heat its fluidity, may be reftored merely by low- 
ering its temperature ; if it is kept in this 
thick ftate for a few minutes, and then without 
previous cooling is poured into warm water, it 
will be of a brown colour, foft and coafiderably 
plaftic ; in this ftate it is a very ufeful material 
to artifts- and modellers for taking impreflions 
of feals, gems, &.c. efpecially as in the courfe 
of a few hours it refumes the hardnefs and 
other properties of common fulphur. This foft 
fulphur is Gonfidered by FourCroy (but we 
. think without fufficient proof) to be an oxyd of 
fulphur. 

Water in the ftate of fteam is partly decom- 
pofable hy melted fulphur, an inflammable gas,, 
perhaps lulphuretted hydrogen,. being produced. 
With oxygen, fulphur combines in two propoxw 
tions; if mis latter is heated in common air tall- 
it becomes thick, it takes fire,, burns with a blue 
flame, and is converted into a pungiint highly 
fuffbeating acid gas called Sulphoubous Acid;;. 
if on the other hand it is fet flre to in oxygen 
jgaa^ the flame which it emits is of a reddifli 


purple colour, and the acid produced is Sete'* 
PHURic mixed with fulphufeous. 

The chief acids that have any 9jStion on fuU 
phur are the nitric, oxymuriatic, and fulphuric. 
The former is dccompofed upon fulphur at a 
boiling heat, nitrous gas is given out, and ful- 
phuric acid is the refiflt. The fecond in like 
manner acidifies the fulphur, but with fottie 
peculiar phenomena deferibed under the article 
Sui^PMuaizBD Muriatic Acid. Sulphuric acid « 
with fome difficulty takes up a fmall proportion 
of fulphur, and fulphureous aeid is prMUced, ■ 
partly from the oxygenation of the fulphur, and 
partly from the deoxygenation of the fulphuric 
acid. 

The alkalies and alkaline earths combine* 
with fulphur forming the important clafs of 
Alkaline SuLPHURSTS. Moft of tlie metals and 
metallic oxyds alfo combine with fulphur and 
produce* the clafs of Metallic Sulphurets* 
Sulphur unites with hydrogen, forming Hepatic 
gas or Sulphuretted Hydrogen. The com- - 
bihationsof fulphur with carbon and with phof-. 
phorus, have been, already deferibed under thofe * 
articles. 

Sulphur when in fine powder is fparingly 
foluble by digeftion in highly reflified alcohol,, 
but a more concentrated folution is made by 
prefenting each to the other in the ftate of gas^ 
for this purpofe put fome fulphur into a cucur- 
bit, and fufpend within the fame a vial filled 
with alcohol, then lute on a head and proper 
apparatus, and proceed to diftillation; both the 
fulphur and alcohol are volatilized, and meeting 
with each other in the upper part of the veiTel 
combine readily together, and condenfe in the 
receiver into a yellowifh ftrongly fmelling fluids 
from which nearly the whole of the fulphur may 
be again precipitated by the addition of water. 

Oil of turpentine and the other eflential oils 
diflblve a confiderable proportion of fulphur 
when hot, the s^ateft part of which they agam 
depofit in cryftals if cooled flowly- The fat 
oils unite with fulphur by boiUng, and acquire 
deep yellowifh brown colour, and a ftrong fetid 
odours the combination is generally called bal^ 
fam of fulphur. By long repofe in a cool pjace^ 
it depofits fmall o£b'ohedral cryftals of fulphur. 

The order of affinities for this fubftance, ac-* 
cording to Bergman k, fixed alkali, iron, cop- 
per, tin, lead, filver, bifinuth, antimony,, 
cury^ arfenic,. and molybdena. 

The ufes of fuljdiur are very iinpor^t. It 
is employed in medicine; it enters into the 
compofition of fulphuric acid, of gunpoirderj^ 
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an'd of the common compofition for paying the 
bottoms of fhips. Its fumes when burnings are 
employed for bleaching iftlk and wool^ and 
checking the progrels of vinous fermentation. 
'Common matches which are in daily ufe for 
lighting fires derive their principal utility from 
being tipped with fulphur« 

Sulphur, goUen, of AntUnony. See An- 
timony. 

SULPHURET. 1 

SULPHURETPED HYDROGEN. V 
HYDROSULPHURETS, 5 cc. J 

The various combinations of fulphur with 
alkaline^ eatthy, and metallic bafes, of fulphur 
with hydrogen, and the latter compound witli 
the feveral bales in different proportions of 
fulphuration, arc fo intimately connefted with 
each other in chemical enquiry, that we have 
preferred to give the whole under one article, 
eipecially as the fubjeA is fomewhat in- 
tricate, and requires feme attention to be fully 
underftood. 

The feveral combinations which belong to 
this fubjeA,_are 

1 . Sulphurated Hydrogen^ compofed of hy- 
drogen holding fulphur in folution, and when 
uncombined with a bafe affuming the gafleous 
form. 

2. The Hydrofulphurets^ or combinations of 
fulphuretted hydrogen with the feveral alkaline, 
earthy, and metallic bafes, in which its a^ioii 
ftrongly^refembles that of an acid. 

3. The Sulphurets^ or combinations of ful- 
phur with the alkalies, earths, and metals. 

4. Superfulphuretted Hydrogen^ or fulphu- 
retted hydrogen, with a confiderable, but, in 
general, an uniform excefs of fulphur. 

5. Sulphuretted Hydro fulphuretSt or combi- 
nations of fulphur, fulphuretted hydrogen, and 
the alkaline or earthy bafes. 

Sulphuretted Hydrogen Gas, or Hepatic 
Air, Gas Htdrogene Sulfuri of Berthollet, 
and other French chemifts. Hydrothionic Acid 
of fome German authors. 

The properties of this gas were firft explained 
in a very excellent memoir by Mr. Kirwan,* 
and nearly at the fame time by M. Gengembrci** 
and the focicty of Dutch chemifts, and fince 
this period they have been ftill more fully 
unfolded by Berthollet, Fourcroy, Proud, and 
other eminent chemifts. The moft ftriking and 
obvious properties of this gas are the following: 
it has a moft penetrating and offenfive fulpliu- 
rcous fmell, fimilar to mat of rotten eggs, or a 
foul gun-barrel when wetted, but tome what 
'lefs naufeous; it is rather heavier than common 
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Rir; it is inflammable, and explodes like hiydm^ 
gen, only with lefs violence, when mixed with 
common air or oxygen; when moderately di- 
luted it may be breathed for a ihort time without 
danger; it is abforbed readily by water to a 
certain extent, and then it reddens' litmus, and 
has a fweetifh but very naufeous tafte; it fpeed- 
ily blackens fome of the white metals, and alt 
their folutions, particularly lead, filver, and 
mercury, and precipitates feveral metals from 
their folutions; and laftly it combines copioufly 
with the alkaline, earthy, and metallic bafes,* 
faturating them like an acid. 

This gas is procured in greateft abundance by 
means of the folid fulphurets, either of the 
alkalies or of iron, and an acid. For this purpofe 
put fome pieces of the fulphuret of potafli (for 
example) made by melting together equal parts 
of fulphur and common carbonat of potafti, into 
a proof bottle, and add fulphuric or muriatic 
acid moderately dilute. An effervefcence will 
enfue, attended with an ihtenfely fetid fmell, 
and the fulphuretted hydrogen gas rifes in 
abundance. It may be colleAed either over 
water or mercury; if the former, part of it is 
abforbed by the water; if the latter, the mer- 
cury is a good deal blackened at the furface. 
This gas when obtained from the alkaline ful- 
phuret, unlefs a cauftic alkali be ufed, is how- 
ever mixed with carbonic acid, and therefore 
this fulphuret is not fo good a material as the 
fub fulphuret of iron, or that in which the fulphur 
is in much fm after proportion to the iron than 
in the common native fulphuret or pyrites. 
The difference between tlicfe fulphurets has 
already been fully explained under the article 
Iron, (VoL /. p. 623 £i5* and a mafs very 
convenient for yielding the gas may be prepared 
by half-filling a crucible with common iron 
pyrites, covering it with a third or half its 
weight of iron filings, over this prefling a little 
charcoal powder, and heating the whole mode- 
rately red-hot for a quarter of an hour. It is 
not neceffary to urge the heat to the fufion of 
the materials. The pyrites and iron filings may 
alfo be previoufly mixed and treated as above. 
This gives a black brittle uniform mafs that 
yield's abundance of the gas with muriatic or 
dilute fulphuric acid. A mixture of three qiarts 
of iron-filings and one of fulphur fiifiply melted 
together in a covered crucible, anfwers as well 
as the pyrites and iron filings. 

Sulphuretted hydrogen when ^re is heavier 
than common air (according to Kirwan) in the 
proportion of 10000 to 903B, fo that 100 cubic 
inches of it weigh about 33 grains. When 

^ Jottm. de Phjfiqae for 1785. 
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mixed with its own bulk of common air and 
kindled, it takes tire and burns with a blue 
iiame without detonation. During the com* 
budion fulphur is conftantly depotited, and a 
tiilphureous fmell is perceived. When previous- 
ly mixed with oxygen and kindled, it explodes 
with fome violence, though lefs in degree than 
an equal quantity of hydrogen in fimilar circum- 
llances. A mixture of equal parts of fulphu- 
retted hyilrogcn and nitrous gas burns witJi a 
grccnifli-ycllow' Janibcnt ftamc, and fulphur is 
clepofitcd. According to Senntbier this gas 
mixed with common air cannot be kindled by 
the elo<f.hic fpark. 

Tliis gas is dillinguiflicd by the depofition of 
nil or part ot its fulphur whenever it is dccom- 
pofcil, whotlier by combullion or acids, or in 
any other way; for as it confills fimply of 
hydrogen liolding a quantity of fulphur in 
folution, and as in all thefe decoinpofitions tlie 
hydrogen is the fubllance tirlt adied on by the 
deconqiofing fubflances, at the inllant of dc- 
conipolition it quits its fulphur before the latter 
has an opportunity of undergoing its peculiar 
clianges. Thus in tl>e combullion of this gas 
withalargc portion of common air, the hydrogen 
unites with part of the oxygen of the air, and 
produces water, and at the fame inftant part of 
the fulphur undergoes combuflion with another 
portion of the oxygen, and produces fulphu- 
rcoiis acid, as is obvious to the fmell, but the 
reft of tlie fulphur is precipitated in its natural 
form . 

Sulphuretted hydrogen is readily abforbed by 
water, and in confidcrablc quantity, Mr.Kirwan 
eilimates that at a moderate temperature w’atcr 
will take up about three fourths of its bulk of 
the gas as procured from fulphuret: of iron, and 
by lojig continued agitation it may be made to 
abforb as much as twice its bulk. The whole 
is again expelled at a boiling heat. HydroTul- 
phuretted water has a fvvcetifli naufeous tafte, 
and a very ftrong fetid fmell, but the difguft 
excited at firft tailing it, goes- off very foon 
when daily ufed, as it is medicinally. This 
combination is found native in many fprings, ait 
the cold fulpburcous mineral waters, fuch as 
thofc of Harrowgate, Moffat, ficc. being natural 
Iblutions of fulphuretted hydrogen in water, 
A much fmaller quantity of the gas than can be 
artificially condenfed in water is fuflicient to 
render water moft powerfully fulphureous to 
the tafte and fmell, for the Harrowgate, which 
is fo celebrated, contains no more than about 
iV of its bulk of the gas. llydro-fulphurettcd 


water if expofed to- the air for a fliort time 
grows turbid, and the fulphur is flowly depotit-^ 
cd on the tides of the veflel in the form of a 
thin yellow film. A fimilar dccompofition takes 
place, though in a longer time, even when kept 
in a clofe veflel. The water after this lofes its 
peculiar feent. Hence in ufing thefe watersr 
medicinally it is neceflary to drink them at the 
fpring head, or very fooh after being drawn. 

liydro-fulphurcttcd w'ater reddens the infii- 
fion of litmus, which feems to fliew fome acid- 
property. On adding a few drops of fulphu-* 
reous, nitric, or oxymuriatic acid to the water,, 
fulphur is immediately depofited, which is the 
only WMy of extrafling the fulphur from it in 
fubllaiice. Thefe acids feparate the fulphur by 
combining with the hydrogen. But i-f a great 
excefs of oxymuriatic acid is ufed, the fulphur 
itfelf becomes oxydated, and converted into ful- 
phuric acid, fo that the liquor becomes again 
tranfpareiit, and the newly generated fulphuric 
acid may be precipitated, and its quantity (and 
confeqaently that of the fulphur) eftimated by 
a barytic folution. Hydro-fulphuretted wator 
does not affefl lime-'vv’’atcr till after Handing for 
fome -time, and then the precipitate is fulphur 
and not lime, and hence is not rediflblved By 
weak muriatic or any other acid. This forms 
a decifive teft to dlftinguifli this gas from car- 
bonic acid or any admixture of the t\vo. This 
water or any other folution of fulphuretted 
hydrogen alfo immediately blackens the folutions 
of lead, filvcr, and bifmuth, and produces other 
peculiar cffefls on metallic falls, which will be 
prcfcntly mentioned. 

The following effefls were produced by the 
mixture of this with the other gaffes,® the 
experiments being performed ever mercury. 

Equal parts of fulphuretted hydrogen and 
common air mixed together remained unaltered 
for fcveral days, wdth a diminution of only j-^o 
in bulk, and a blackening of the furface of the 
mercury. The fame took place when pure 
oxygen gas was fubilituted to common air, and 
after eight days the mixture exploded when 
fired. Very little a£lion therefore takes place 
between thefe gafles unlefs water be prefent. 

Equal parts of fulphuretted hydrogen and 
muriatic acid gas remained unaltered, and the 
mercury was not blackened. 

No a£lion enfued on mixing this gas with 
carbonic acid gas. 

On adding five cubic inches of fulphureous 
acid gas to one of fulphuretted hydrogen, in 
lefs than a minute, without agitation, the tides 
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of the gtafs were covered with a whitiih fcum 
which fecmed moift^ and a diminution of one 
Cubic inch took place. Six more cubic inches 
of fulphurctted nydrogen were added fucceflive- 
ly, a diminution took place after each, fo that 
at lail 1 1 inches, (namely 5 of iulphurcous acid 
gas, and 6 of fulphurettcd hydrogen) were 
reduced to 3 indies, part of which was foluhle 
111 water, and the remainder was azot. .The 
jar was coated with fulphur in the procefs, and 
when rlnced out, the water ufod for the purpofe 
gave a white precipitate with the folutions of 
barytes, filver, and lead, and lime-water, and 
contained both carbonic and fulpburic acids. The 
colour of the precipitates of the above metallic 
folutions proved that all the fulphur in the ful- 
phurcttetl hydrogen had been Separated before 
the water was admitted to the refidual gas. The 
mutual aflions that take place between all thefe 
fubftanccs muft be very complicated. On the 
one hand fulphur diflblvcd in hydrogen is mixed 
with a gafleous combination of fulphur not 
Saturated with oxygen, and the products are, 
much fulphur in fubftance, w’ater and fulphnric 
acid, or fulphur Jaturaied with oxygen, (the 
carbonic acid and azot being put out of the 
queflion, as being probably accidental impurities) 
and withal there is a great diminution in the 
bulk of the gafles. Therefore we muft fuppofe 
that the hydrogen of the fulphurctted hydrogen 
unites with part of the oxygcH of the fulphu- 
reous acid gas to produce water, and thereby 
dcpofits in fubftance the fulphur wuth which it 
was combined \ and on the other hand the 
fulphureous acid being deprived of part of its 
oxygen, depoGts much of its fulphur in fub- 
ftance, whilft the remainder 01 its oxygen 
condenfes itfeif into another part of the fulphur 
and produces fulphuric acid. According to this 
explanation therefore, both the gaffes contribute 
to the formation of the fulphur, and certain it 
is that the quantity of fulphur is much too great 
to arife folely from the fulphurctted hydrogen, 
When 8 cubic inches of fulphurettcd hy<lro- 
gen were mixed with 9 inches of nitrous gas, a 
yellow'ifli cloud appeared, together with a fudden 
abforption, which gradually increafed, till after 
48 hours the whole was reduced to 6 cubic 
inches, and the top and Gdes of the jar were 
covered with a white cake of fulphur. The 
refidual air appeared to be nitrous oxyd. The 
theory of this decompofition is obvious, and 
much, fimpler than the laft, the hydrogen of the 
fulphurctted hydrogen uniting with part of the 
•xygen cf the nitrous gas, leaving the remainder 


in the form of nitrous oxyd, and the fuIphuY" 
being depofited unchanged. 

Sulphuretted hydrogen and ammoniacal gas 
appear to combine totally if the ingredients are 
pure and in proper nroportions. On adding 6 
cubic inches of the former to 7 of the latter gas 
a fmall white fcum appeared, but in a few 
feconds the whole was reduced to 7- of an inch, 
and on throwing up w'ater only of an inch 
remained. The water tluis impregnated is a 
Iblution of hydro-fulphurct of ammonia, and, 
as appears, no decompoGtioii takes place, for 
fcarccly any fulphur is depofited. This com- 
bination will be afterwards mentioned more 
at large. 

Sulphuric acid abforbs fulphurettcd hydrogen.- 
One meafure of the acid, of 1.863 fp. gr. was 
found hy Mr. Kirwan to take up nearly a 
mcafurcs of the gas over mercury, and the acid 
was whitened with a cojiious depofition of 
fulphur. 

Concentrated nitrous acid abforbs part of thtf» 
air and feparates fulphur, but it is extremely 
diilicult to contrive an unexceptionable mode of 
making the experiment, for the acid adls upon 
mercury, and if water is ufed, it dilutes the 
acid fo much that it no longer has the power of 
deconipofing the gas and feparating the fulphur. 

Alcohol readily abforbs about thrice its bulk 
of this gas. Water precipitates a part of the 
fulphur from it. Sulphuric ether allb abforbs 
about half its bulk of the gas. 

Itl las been mentioned that the cafieft method 
of procuring fulphurettcd hydrogen, is by adding 
an acid to the alkaline, earthy, or metallic 
fulphurets. 

In this cafe, as Gengembre has proved, part of 
the water of the acid is decompofed, its hydro- 
gen forms a gafeous combination with part of 
the fulphur prefent, and produces the fulphu- 
retted nydrogen, v/hilft its oxygen unites with 
another portion of fulphur, and forms fulphuric 
acid, which is always found in the refidue in 
exaft proportion to the quantity of gas produced. 

Sulphuretted hydrogen is alio formccl without 
any apparent decompofition of water, being 
produced in abundance by heating ftrongly a 
niixtulre of fulphur with any fubftance tnat 
yields hydrogen. Thus Mr. Kirwan obtained 
it in large quantity by heating a mixture of tw^o 
parts of white fugar (previoufly melted to expel 
all the raoifture) with one of fulphur. This gas 
was very pure and contained neither carbonic 
nor any other acid. On the other hand 
mixture of fugar and fulphur niciftcned with 
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tinuriatic acid gave out no gasi becaufe there 
•was no power applied capable of refolving the 
iugar into hydrogen. Many other methods of 
obtaining the gas might be luggefted^ in which 
iulphur ihould be in conta6fc with hydrogen at 
the moment of its formation. This gas however 
is not produced by heating fulphur in contaA 
with hydrogen gas, nor by pafling .this gas over 
fulphur melted, and kept red-hot in a clofe 
tube, fo that it appears neceflary in all cafes 
that the hydrogen (hould be prefen ted to the 
fulphur cither in a nafeent ftate, or condenfed 
dn a folid or liquid. 

According to Mr. Kirwan, xoo .cubic inches 
of this gas contain about 30 grs. of fulphur. 
Whence, fuppofing that xoo cubic inches of 
common air weigh 30.414 grs. (at 60® Th. and 
29.5® Bar.) and that this gas is heavier than 
.common air in the proportion of 10000 to 903^, 
100 cubic inches of fulphuretted hydrogen 
fliould weigh 33*65 grains, of whicli 30 grains 
are fulphur, and 3.65 grains hydrogen. The 
x|uantity of fulphuretted hydrogen contained in 
any water, he" eftimates by the quantity of ful- 
phur precipitated and col left ed, when a given 
portion of the water is decompofed by nitrous 
gas and common air, as will be more fully 
deferibed under the article Waters [Adinfrai)* 
In this method therefore, and from the above 
data, 30 grs. of fulphur would indicate xoo 
cubic inches of the gas, and therefore one 
grain of fulphur is equivalent to 3-}- cubic inches 
of the gas. 

The cflimation made by Thcnard, of the 
compofition of this gas, does not even approach 
to that of Kirwan juft mentioned. Thenard 
eftimates the cubic centimetre of the gas to 
weigh (at a medium prcii'ure and temperature) 
1.5 13 millegrammcs, which reduced to Englifli 
meafure would give the weight of xoo cubic 
inches at 4.1.1 grains inftcad of 33.65 as Mr. 
Kirwan eftimates it. Mr. Thcnard analyfes the 
gas by cauhng water to abforb the whole, and 
then adding oxymuriatic acid fufficient Crft to 
precipitate the fulphur, and then to convert it 
iotally into fulphuric acid, from the weight of 
which (as indicated by the quantity of fulphat 
of barytes formed on adding muriated barytes^ 
Jie eftimates that of the fulphur entering into 
its compofition. From thefe data he concludes 
that 100 parts, by weight, of the gas are com- 
pofed of 70.857 of fulphur, and 29.143 of 
hydrogen, whereas the proportions given by 
Mr. Kirwan would be (in 100 by weight) about 
89.1. of fulphur, and i#.9 of hydrogen. 

Though much of this difference muft be 
Siferibed to the different mode qf analyfis pur- 


fued, part of it may doubtlels arife from 0cca« 
fional .variation in.tne conftitution of the gas, 
for there is no fatisfadory reafon for fuppofing 
that the degree of fulphuration of this gas 
(hould be always uniform, any more than the 
proportion of phofphorus in the phofphuretted 
hydrogen, or of arfenic, in the arfenicated hy- 
drogen, which are known to vary confiderably. 

There is likewife fome difference in the ful- 
phuretted hydrogen, according to the fulphur^t 
or other material from which it is procured, 
independently of any palpable admixture of car- 
bonic acid or other known gailes, for that 
which is procured from the fulphurct of ftron- 
tian burns with a red colour like the falts of this 
earth, which would (hew that fome of the 
ftrontian itfelf is volatilized along with the gas. 

jRdetallic Hydro-fulpburets. 

Sulphuretted hydiogen exercifes a very* 
’ftrong a£lion on fome metals in fubftance, and 
on many more metallic falts. When fuJphu- 
retted hydrogen, cither in the gaffeous form, or 
difiblved in water, is added to a metallic folu- 
tion, part of the hydrogen firft unites with part 
if not all of the oxygen of the metallic oxyd, 
and reduces it nearly to the metallic ftate, and 
the remainder of the fulphur and hydrogen 
unite with the metal, and the whole is generally 
feparated from the acid of the folution in the 
form of a coloured precipitate, which therefore 
is cither a fulphuret or a hydro-fulphurct of 
the metal according to circumftances. Some- 
times too a fmall portion of fulphuric acid is 
formed at the fame time, 'which renders the 
play of affinities ftill more complex. Some of 
the metallic folutions afford no precipitate with 
fulphuretted hydrogen, or at leaft the precipi- 
tate is rediflblvcd by a flight excefs of acid, but 
with other metals it is permanent. 

Nitro-muriat of Gold is precipitated black by 
hydro-fulphuretted watcr,“ — iiitrat of Silver, 
black, but the precipitate is again foluble by 
agitation if there is a fenfible excefs of acid- 
nitrated Mercuiy^ yellowifh brown, and C«r- 
rqfive Sublimate dark yellow, which becomes 
black by agitation— fulphat of Copper^ black, 
and nit rat of Copper brown— .-nitro-muriat of 
Platina, reddifli white — the falts of JLead^ deep 
black — thofe of VAtic, white— the falts of Bif- 
f?iutk, reddifli brown, paffing into black— mu- 
riat of 7 ///, a dull white. 

The metals that are not precipitated from 
their folutions by fulphuretted hydrogen, are 
Iron, Cobalt^ Nickel, Mun^amfe, and in feme 
cafes Antimony and Arfenic. Thefe folutions 
however are deeply coloured by the fulphurct^ 

id 
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tiiat of iron becoming black; of antlmony^^ 
orange ; of arferiicj yellow^ &c. but either no 
precipitate forms^ or if formedj it is rediflblved 
by any cxcefs of acid. Thus if fulphuretted 
hydrogen is added to a folution of the red ful- 
phatof iron, the metal is immediately brought 
to the ftate of the green, or lefs oxygenated 
fulphat, but no precipitate is formed unlefs the* 
fulphuretted hydrogen be in great excels, as 
the red fulphat has naturally an excefs of acid. 
On this principle is founded an ufeful tell to 
diftinguilh iron from lead in wine or any other 
liquor, for by adding hydro-fulphurettcd water, 
and a flight excefs of dilute muriatic, or any 
other weak acid, if iron only be prefent, the 
liquor will alTume a deep red, but will remain 
tranfparent, whereas lead will give a black 
muddy fediment.^ Often too this ted is ufeful 
for feparating one metal from another in the 
fame folution, both where a precipitablc and a 
non*precipitable metal are prefent, and where 
there are metals more or lefs eafily precipitable. 
Thus if manganefe, zinc, tin, and copper, arc 
in the fame folution, the firfl addition of hy- 
dro-fulphuretted water will feparatc the tin, af- 
ter which the copper will fall, and then the 
zinc, whilft the manganefe remains in folution. 

In all the above circumltances it is the Am- 
ple hydro-fulphurettcd water which is meant, 
and not the alkaline hydro-fulphurets, for 
■ though the aflion of tlie latter is in general 
very iimilar to that of the Ample hydro-ful- 
phurets there are fomc important differences, 
and in particular, the alkaline hydro-fulphurcts 
precipitate a/J the metallic folutions without 
exception, as will be afterwards noticed; 

Atkaline and Earthy Hydro^Sulphurets* 
Sulphuretted hydrogen unites readily, and in 
large quantity with the alkalies and alkaline 
earths, forming tranfparent, colourlefs, often 
cryftalHzable falts, in which the bafe is nearly 
if not entirely faturated, and from which the 
fulphuretted hydrogen is expelled in llrong 
effervefcence by the addition of a (tronger acid 
(as the carbonic is from the carbonats) without 
any other decompoAtion or depoAtion of ful- 
phur, unlefs the acids ufed are the nitrous ox 
oxymuriatic which are themfelves decompofed, 
and yield oxygen to the fulphuretted hydro- 
gen. 

The hydro-fulphurets are all folublc in 
water, and the folution is at Aril colourlefs, but 
by expofure to air it becomes Aril greenifli yel* 
low and then depoAts fulphur, and in this ftate 
the ftronger acids caufe a further precipitation 
laf fulphur* After a while alfo fulphureous 


acld^ IS formed, and may be expelled by a- 
ftronger acid, but this does not take place till 
all the fulphuretted hydrogen is decompofed. 
Finally, when the hydro-Tiilphuret has been 
very long expofed to the air it becomes again* 
entirely colourlefs^ and lofes all its fulphureous 
fmell and tafte, and is converted into a fulphat 
of the alkali or earth which was originally ein-* 
ployed. 

Hydro^Sulphuret of Potafi is formed by pafs-** 
ing fulphuretted hydrogen through a folution' 
of potaih till no more will be ^forbed, and 
expelling the excefs of fulphuretted hydrogen 
by boiling for a few minutes. The folution 
evaporated and cryftallized gives a perfe£l]y‘ 
tranfparent colourlefs fait in large cry (la Is, witfi* 
an alkaline and very bitter tafte. It deliquefees 
in the air, and then has the peculiar fetid fmcll 
of fulphuretted hydrogen, but when dry it is 
fcentlefs. It dilTolves in water and alcohol, 
producing cold during folution, which is a 
proof of the complete faturation of the alkali. 
Acids caufe a lively effervefcence and expell 
pure fulphuretted hydrogen, but no fulphur is 
depoAted. 

This fait may be formed by calcining a mix- 
ture of fulphat of potaih and charcoal, by 
which the fulphat is converted into a fulphurer, 
and by lixiviating the fulphuret with water, and 
faturating this folution with fulphuretted hy- 
drogen by which the excefs of fulphur will be 
depoAted, and a Ample hydro-fulphuret of pot- 
afh will remain in folution. 

Hydro-fulphuret cf Soda^ This fait is prepared 
In the fame manner as the lafl, and rcfcmblcs it 
clofeW ill mod of its chemical properties. It 
was (irft obtained cryftallized by Vauqueliii, in 
the following way; a mafs of impure carbonat 
of foda procured by the decompoAtion of com- 
mon fait was lixiviated to extrafl the carbonat 
of foda, and the mother liquor after (landing 
at reft for a conAJerable time was found Ailed 
with a colourlefs tranfparent fait cryftallized in 
four-Aded prifms, which had an acrid burning 
tafte fucceeded by an intenfc bitternefs, and a 
(light flavour of fulphuretted hydrogen. This 
fait diflblvcs copioufly in water, producing cold 
during folution, and the liquid has a (lightly 
fulphureous fmell. Muriatic and fulphuric 
acids expell fulphuretted hydrogen, and do not 
produce any turbidnefs, but the nitric and oxy- 
muriatic acids, (that is, thofc which yield oxy- 
gen readily) feparatc an abundance or fulphur. 

The mode of its production in the cafe men- 
tioned by Vauquelin, mud' have been the fol- 
lowing ; muriat of foda was decompofed in the 
large way, (probably by gypfum and pyritesj. 
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and a proportional quantity of fulphat of foda 
produced} the latter fait was decompofed by 
the combination of chalk and charcoal (in the 
way defcribed under the article Muriat of Soda^ 
p. 130) and a quantity of carbonat of foda was 
produced, but probably owing to not employing 
chalk enough, part of the fulphat of foda 
.cfcaped entire decompofition, and was con- 
verted by the charcoal into a fulphuret, which 
by lixiviation became a hydro- fulphuret, and 
cryllallifcd by repofe. 

Hydro-fulphuret of foda is ufefully employed 
as a chemical tell to feparate certain metals 
from mixed foliations of metals and earths, as 
the alkaline hydro-fulphurets will precipitate 
the former but not the latter, except thofe of 
alumine. 

HyUro fulphuret of Ammonia. The compleat 
condenfation of fulphuret ted hydrogen ami am- 
moniacal gas, confined over mercury, has been 
,aU*e.'dy mentioned* l*hc rcfult is hydro-ful- 
phurct of ammonia, which however is formed 
more conveniently by pafllng the gas through 
liquid ammonia till the latter is faturated. 
This folution has a greenilh yellow colour, and 
agrees with the other hydro-fulphurcts in the 
cirential quality of giving out fulphuretted hy- 
drogen on the addition of an acid, and of not 
precipitating any fulphur in the procefs. When 
the ammonia is in excefs, and the folution con- 
centrated, it con();antly fends forth white fumes 
when expofed to air, which confift of unfatur- 
ated ammoniacal gas holding hydro>pfuIphuret 
of ammonia in folution. This fuming property 
was firft obferved by BotIc, in the liquor pre- 
pared by dillilling lime, fal ammoniac, and ful- 
phur, and which will be afterwards defcribed 
under the head of Sulphuretted hydro fulphuret 5. 

Hydro fulphuret of Barytes. This fait might 
doubtlefs be prepared like the other liydro-ful- 
phurets, Amply by fiturating barytic water 
with fulphuretted hydrogen ; but it is more 
conveniently obtained, as BerthoUet has difeo- 
vered, through the intermedium of the dry ful- 
phuret of barytes. For tliis purpofc mix ful- 
pliat of barytes witli about a fixth of its weight 
of finely powdered charcoal, and calcine it in ^ 
moderate red heat fur about half an hour, in a 
covered earthen crucible. 'Fhis produces a 
fulphuret of barytes which is to be diflblved to 
faturatioii in boiling water, and on haAy eva* 
poration and cooling a copious quantity of irre- 
gular cryftalswill be formed, which may be fe- 
parated from the adhering liquor by prefling 
them between folds of filtering paper. The 
fait is then white and tranfparcnt, and is the 


hydro-fulphuret of barytes. The folution that 
remains is the fame fait with an excefs of ful- 
phur. If the firfl folution before the reparation 
of the faline cryftals be decompofed by carbon- 
ated foda, carbonat of barytes falls down, and 
the folution contains very pure hydro-fulphuret 
of foda. If muriatic' acid be added inftead of 
carbonated foda, a xnoft copious emiflion of 
fulphuretted hydrogen takes place, and muri- 
ated barytes remains in folution. The above 
methods of procuring carbonat and muriat of 
barytes arc very ufeful in the laboratory. 

Sulphuret of barytes gives out a greater 
quantity of fulphuretted hydrogen than any 
other of the fulphurets, whence the cafe with 
which that portion of the eartli becomes fatu- 
rated with the fulphuretted hydrogen, which 
feparates in the cryflalline form. This is ex- 
plained by Berthoilet from the ftrong affinity 
which barytes has with fulphuric acid, and the 
confequent rapidity with which this acid is ge- 
gencrated. Hydro-fulphuret of barytes has an 
acrid and fulphureous tafle, and is readily de- 
compofed by the atmofphere, and fulphat of 
barytes is precipitated along with fulphur. 

Hydrofulphuret of Strontian. This fait is 
formed precifely in the fame way as the former. 
The gas which it gives out wnen decompofed 
by acids burns with a red flame like the other 
falts of llrontian. 

Hydrofulphuret of Afagnefa. If pure mag- 
nefia is diflufed through water, and fulphuretted 
hydrogen pafled through, a folution is effedted, 
and a hydro-fulphuret of magnefia is formed. 

Hydrofulphuret of Lime. This fait is ob- 
tained by pafling fuiphuretted hydrogen through 
lime diflufed in water. A ftrong yellow folu- 
tion is made which, when poured off clear 
from the remaining lime, lliould be fully fatu- 
rated with the gas, and the excefs, if any, after- 
wards expelled by boiling. This folution has 
not been cryilallizcd. 

Berthoilet, to whom we are indebted for the 
mod accurate ideas and experiments on' the hy- 
dro-fulphurets, alligns to barytes the firft rank 
in the order of affinities of the refpeftive alka- 
line and earthy bafes to fulphuretted hydrogen. 
As potaffi precipitates lime from the hydro-ful- 
phuret of Ijmc, it precedes lime in affinity, and 
Hme precipitates and dccompofes the hydro-ful- 
phurets of ammonia and magnefia. The order of 
affinity therefore is, probably, barytes, ftron- 
tian, potafli, foda, lime, ammonia, and magnefia, 
the two latter nearly equally. When an alkaline 
hydro-fulphuret is added to any earthy fait, 
{tliofc of aluiuine and zircon excepted) no pteci- 
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pitatio!! takes place, either becaufe no decom- 
pofition occurs, or becaufe the new compounds 
are equals foluble with the former. The fo- 
lutions of alumine and zircon, however, are 
precipitated by the alkaline hydro-fulpliurets, 
as well as all the metallic falts. 

The aAion of the alkaline hydro-fulphurets 
on metallic falts will be afterwards mentioned. 

SuLPHURETS or HcPARs, Liver §f Sulphur. 
Sulfure of Berthollet, and other French che- 
miils. 

When fulphur is melted with an alkali a 
brown uniform mafs is produced, which as long 
as it continues dry is a fimplc combination of 
•fulphur and alkali. But while dllTolving in water 
a certain quantity of fulphuretted hydrogen is 
immediately generated, which remains in the 
folution and unites with the fulphur and alkali, 
but may be expelled by the addition of an acid, 
which at the fame time precipitates the greater 

1 >art of the fulphur in a ftate of purity. The 
iquid fulphurets therefore contain fulphur, al« 
kali or alkaline earth, and fulphuretted hydro- 
gen, fo that they differ from the hydro-fulphu- 
rets of the fame bafes in containing a large 
excefs of fulphur, and therefore give with acids 
a copious precipitate of fulphur, which the 
(imple hydro- fulphurets do not. 

Berthollet confiders the fulphuretted hydro- 
gen in the liquid alkaline fulphurets as the in- 
termede by which the fulphur is diflblved in 
the alkali, and therefore as an effential part of 
the compound, and he denies the podibility of 
a liquid fulphuret exifting without containing 
fulphuretted hydrogen in its compolition. 
Hence he terms thefe compounds Sulfures 
drogents^ which Mr. Chenevix calls Hydroguret^ 
ted Stdphureis^ and which may with equal pro- 
priety be termed Sulphuretted Hydro^fulphurets. 

But it is not every combination of fulphur, 
fulphuretted hydrogen, and a bafe, to which 
this term can, as we apprehend, be juftly 
given, but only to that compound in which the 
whole of the fulphur may be fuppofed to be 
united entirely with the fulphuretted hydrogen, 
and through its intervention, to the bafe; or in 
other words, to a compound in which no fur- 
ther addition of fulphuretted hydrogen will 
caufe a precipitation of fulphur. For the com- 
mon liquid fulphurets (made either by uniting 
fulphur to an alkali by fuiion, and diflblving the 
melted mafs, or by boiling the alkaline folution 
with fulphur) contain a very large excefs of 
fulphur, moft of which is feparated by every 
SR:id, and alfo a great part of it by lulphuretted 
VOL« II. 


hydrogen, which here as in many other ifl- 
(lances performs the part of an acid, and unit- 
ing to the alkali with a (Ironger affinity than 
fulphur does, expells part of it, but alfo dif- 
folves another portion, and carries this latter 
along with it into the compound which it 
then forms. The proper fulphuretted hydro- 
fulphurets therefore are thofe which are made 
by digeffing a hydro- fulphuret with fulphur, 
which, as Berthollet has ihewn, takes up a por- 
tion of it, and again depofits it on the addition 
of a ftronger acid. Perhaps too the hydro-i\il- 
phurets when they have been fo long expofed 
to the air as to turn yellow and depolit fulphur 
by the addition of an acid, may be, confidered 
as fulphuretted hydro*fulphurets, though in a 
much lefs concentrated ftate than the former. 

With regard to the common liquid fulphu- 
rets, Prouft has alfo (hewn that the proportion 
of fulphuretted hydrogen which they contain, 
varies fo much, and is fo little proportioned to 
the quantity of fulphur a£lually prefent in the 
folution, as tu render it extremely improbable 
that the whole, or even the greater {>art of the 
fulphur is united to the alkali in folution by the 
intervention of. the fulphuretted hydrogen 
which they all confeffedly contain. 

The fame excellent chemift has alfo given a 
method (which we (hall prefcntly mnention) by 
which every fenfible portion of fulphuretted 
hydrogen may be extradted from the folution; 
whilft the alkaline bafe and the greater part of 
the fulphur remain untouched, — another pre- 
fumptive proof that fulphuretted hydrogen is 
not effential to the liquid folution^of fulphur in 
alkali. 

We (hall therefore retain the terms dry and 
liquid fulphuret^ to fignify the common folid and 
fluid combinations of fulphur with a bafe, and 
proceed to deferibe the individual fulphurets. 

Sulphuret of Potajb. ContMon Liver of Sulphur. 
The combination of fulphur and potalh is that 
which has been the longed known to chemifts, 
and may be prepared in feveral ways. The 
antient method is the following: mix two parts 
of dry carbonat of potaih with one of fulphur 
and melt the mixture in a crucible with a heat 
gradually raifed to rednefs, till the whole flows 
into an uniform mafs. As the potalh is car- 
bonated, a confiderablc effervcfcence arifes when 
the materials begin to melt; fo that the crucible 
(hould be large and the heat gradual. When 
the fwelling of the mafs has fubfided and the 
whole remains in quiet fufipn, pour itA>ut on a 
fmooth greafed done, and as (bon as it is cool 
enough to be handled, break it and put the 
a 1 ^ 
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excefs in the folution, and is diflblved in tlie 
pieces into a well clofed dry bottle. The ful- 
huret thus prepared is a hard, brittle, fliining, 
eavy mafs, foinewhat vitreous in its frafture, 
and of a deep brown or Iwer colour, whence 
the antient name of liver of fulphur. As long 
as it remains dry it is without fmell. On lay- 
ing a minute portion on the tongue it tailes 
excelRvcIyifharp, burning and bitter, along with 
the peculiar naufeous flavour of fulphuretted 
hydrogen. When the folid fulpluiret is expofed 
to the air it firlt turns green, which pafles to 
grey, it alfo abforbs moiiture pretty rapidly, and 
dien begins to exhale the odour ot fulphuretted 
hydrogen, but it does not a£tually deliquefee 
as melted potafh alone does. When moiil, it 
flains the Ik in of a ycllowifli brown which is 
difficult to remove. 

This fulphuret however is not entirely pure, 
for being made with a carbonated alkali it 
retains fonie carbonic acid, though much of it 
efcapes during the fufion, and hence on the 
aflulion of an acid, carbonic acid gas rifes in 
jtiixture with the fulphuretted hydrogen. The 
pure dry fulphuret muft therefore be made with 
diy cauftic potafh, melted with about its own 
weight of fulphur. The mixture in this cafe 
enters into fudon, and the union is compleat 
before it reaches a red heat. 

When cauflic potafh and fulphur arc rubbed 
together in a mortar they unite rapidly, the 
mixture grows hot, and foon is converted into 
a yellowifh green mafs which exhales a fetid 
fmell. In this cafe the moifture which the 
alkali abforbs from the air affids the combination. 

A folid fulphuret of potafh may alfo be 
formed by mixing dry fulphat of potaffi with 
about a fixth of its weight of charcoal, and 
melting the mixture in a red heat for a confide- 
rable time. In this cafe , the fulphuric acid is 
dccompofcd by the charcoal with much intu- 
jncfcence, and the fulphur refulting from the 
dccompodtion unites with the a]|cali, and the 
whole forms a dark brown fulphuret. This 
however is much lefs pure than the fulphuret 
made by dired combination, for bolides any 
undecompofed fulphat which it may contain, it 
holds in folution a quantity of charcoal. Char- 
coal therefore is foluble in a red heat in this 
fulphuret. When the dry folid fulphuret is 
urged with a violent and long continued heat, 
the fulphur is again driven out, along with part 
of the carbonic acid if a carbonated potafh had 
been ufed, and alkali alone remains. If a dry 
fixed acid fuch as the phofphoric or boracic be 
Ulixed with the fulphuret and heated, the ful- 
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phur is expelled more eafily, and the acid and 
potafir remain behind. In all thefe proceflles 
no fulphuretted hydrogen is given out provided 
the fulphuret and other fubfiances be quite free 
from molflure. 

Liquid fulphuret of potash is made either by 
diflbiving any of the dry fulphurets in water, 
which is done with the utmofl: eafe, or by 
diflbiving fulphur dircflly in a folution of 
cauilic potafli with a boiling heat. It is then a 
yellow fetid liquor, excefhvely acrid and cauflic 
if concentrated, changing vegetable colours like 
the alkalies; and alfo, like thefe, corroding 
animal and vegetable matter. It diflblves many 
metals with rapidity, bringing them to the flatc 
of a fulphuret. When kept for a time even in 
clofe veflels it depofit'; fulphur. 

'riie liquid fulphuret is well known for the 
facility with which it abflradls oxygen from 
common air or any mixture of oxygen, and 
hence its ufc in Eudiometry^ as has been fully 
explained under that article. 

When the liquid fulphuret is made with 
perfedlly cauflic alkali, it gives out no fulphu- 
retted hydrogen by heat, at leafl not in a heat 
of boiling water, but when made with carbo- 
nated alkali a confiderable quantity of gas is 
given out which however is chiefly carbonic 
acid. This fulphuret is alfo foluble with eafe in 
alcohol. 

When muriatic or any other acid is added to 
forul fulphuret of potafh, there is a copious 
difengagement of fulphuretted hydrogen) mixed 
with carbonic acid, if a carbonated alkali had 
been employed) and a large quantity of fulphur 
is precipitated. The liquid fulphuret alfo gives 
out with an acid a large quantity of the gas or 
gaffes, and the mixture becomes immediately 
turbid and thick by the abundant precipitation 
of fulphur. The latter when wafhed and dried 
is very pure fulphur of a white or cream colour, 
and is called Milk or Magiftery of fulphur^ or 
Precipitated fulphur* 

The adlion of mercury and its oxyds on the 
liquid fuJphurets and hydrofulphurets has been 
urged with great ingenuity by Proufl,* in ex- 
planation of the nature of thefe compounds. 
Running mercury agitated with the pure colour- 
lefs hydrofulphurets is not changed in any de- 
gree, fo that this metal cannot take fulphur from 
hydrogen whpn they are in perfedl faturation 
and united with an alkaline ot earthy bafe. .But 
when the hydrofulphuret has begun to become 
yellow by diort expofure to air, that is to lay^ 
when by an oxydation-of part of the hydrogen 
the fulpKiir wmch was united to it becomes in 
tom. 59. p. 267. 
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remaimn|^ fulphuretted hydrogen^ the mercury 
extrad^s from the folution this excefs of fulphur, 
(immediately, from the hydro-*fulphuret of am- 
monia, and in a ihort time, from the other 
hydrofulphurets) and the liquid returns to 
the ftate of Ample hydro-fulphuret. A portion 
pf the fulphuretted mercury remains dil- 
folvcd, whilft the folution is concentrated, but 
on diluting with water or alcohol it becomes 
turbid, and black fulphuret of mercury is pre- 
cipitated, and the liquor is again reflored to the 
ftate of limple hydrofulpliuret of the alkali em- 
ployed. If however the excefs of fulphur is fo 
great as to bring tlie mercury at once to the ftate 
of red fulphuret none of it is diflblved, though 
the fame change takes place in the liquor. Mer- 
cury therefore in /ie metallic Jlate analyzes all 
thefe compounds of fulphur, fulphuretted hy- 
drogen and alkali, by"* extrafting all the fulphur 
except that portion which is faturated with 
hydrogen, and in the ftate of fulphuretted hy- 
drogen \ and hence it almoft entirely extradts 
the fulphur from thofe liquid fulphurcts which 
fcarcely effervefee with acids, and contain but a 
minute portion of fulphuretted hydrogen,, and 
reduces them almoft to the ftate of fimple alka- 
line folution s. 

But on the other hand a precifely oppoflte 
eflFcft takes place when the red oxyd of mercury 
is ufed, for when this is agitated with a hydro- 
fulphuretted alkali, its ftrft a£lion is to decom- 
pofe all the fulphuretted hydrogen which it 
contains, which is attended with a fenlible evo- 
lution of heat ; and if no more oxyd be ufed 
than is neceflary to engage the hydrogen, the 
remaining liquor becomes yellow, but remains 
clear after the fublidence or the oxyd, and is a 
Ample liquid' fulphuret, from which muriatic 
acid precipitates fulphur, but without the evo- 
lution of a particle of fulphuretted hydrogen. 
If an additional quantity of red oxyd be added, 
the fulphur is precipitated in combination with 
the metal, and the fupernatant liquor is then 
little clfe than a folution of potaili, holding a 
little oxyd of mercury, and foinetimes fulphite 
of potafh. A Amilar change takes place with 
the common liquid fulphuret of potafti, which, 
as already mentioned, conAfts of fulphur, pot- 
afli, and hydrofulpliuret of potafti. The Arft 
portion of oxyd engages the hydrogen of the hy- 
drofulphuret, and detaches the fulphur belong- 
ing to it, which diflblves in the fulphuret that 
remains in folution, and by deftroying the hy- 
drogen, takes from the folution of the property 
of cfFervefcing with an acid. The oxyd alfo 


lofes oxygen, which unites with the hydrogen, 
and the metal abforbs a portion of fulphur and 
becomes black fulphuret, part of which remains 
in folution. TJiis Arft change takes place wiili- 
out any effervefcence, and wdth difengagement 
of fenlible heat. But on adding a frefh portion 
of oxyd the heat is renewed, an cfiervcfceiice 
occui's owing to the efcape of part of the oxygefi 
of tiie oxyd, the mercury becomes faturated 
with fulphur and precipitates, and the remainder 
of the oxygen acidiAes the fulphur, and fulphite 
o£ potafti is found in folution. 

The principal point eftabliftied by this ex- 
cellent chemift in thefe experiments, is the 
polFibility of fubtraebing all the fulphuretted 
hydrogen from a liquid fulphuret (at Icaft to 
that degree as to render it iion-efFervefcent with 
an acid) whiift the alkali and fulphur alone re- 
main in folution ; and hence as the poflibility 
of a Ample liquid fulphuretted alkali is eftab- 
lifbed, it may fairly be inferred that fulphuretted 
hydrogen is not the prineipal intermede by which 
fulphur and potafti are held in liquid combina- 
tion in the common folutions of the fulphurets. 

Sulphuret of Soda^ This combination may be 
made either dry or liquid, by all the methods 
in which the fulphuret of potafti is produced, and 
it has the fame general chemical properties 
which have been deferibed as belonging to the 
fulphuret of potafti. 

Sulphuret of JLime, Lime being infuAble per 
fe^ the combination between lime and fulphur 
can fcarcely, if at all, be made in the dry way; 
but a liquid fulphuret of lime is readily formed 
by boiling together fulphur, linie, and water. 
The proportions arc of not much confequence : 
the following anfwer very well : put into ^ 
glafs mattrafs three ounces of well-burnt lime, 
one ounce of fulphur, and about a quart of 
distilled water. The fulphur ftiould Arft be 
rubbed with a little of the water, that it may 
mix uniformly, and the lime ftiould be broketi 
down. Bring the liquor to a boiling heat, and 
continue it for half an hour or an hour, (baking 
it frequently during the time. The liquor fooii 
becomes clear by fubAdence as foon as rt?movcd 
from the Are, and a Aiie yellow ftrong folution 
of fulphuret of lime may be poured off clear 
from'the fettlings, which ftiould be kept in a 
well clofcd bottle. 

Though fulphur is abfolutely infoluble in 
water, and lime very fparingly foluble, the 
fulphuret is conAderably fo, and when muen 
concentrated w'heii hot, part of it feparates by 
cooling into cryftals not eaAly rcfoluble in the 
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liquid^ which are probably (imple hydro-ful- fiderable time before any folution of the fulphur 
phuret of lime. is obtained. 

When liquid fulphuret of lime is expofed to The liquid fulphutet of ammonia produced 
the air, it abforbs oxygen pretty rapidly (as all by diftillation 5 appears to have been iirft noticed 
the liquid fulphurets do), and the fulphur by Boyle^ who obferved its fuming property 
changes to fulphuric acid ; fo that the furface when expofed to air, whence it was called 
of the liquor is foon covered with a hard cruft Boyle* s Fuming Liquor^ Cf* Volatile Liver of &uU 
of fulphat of lime, which prevents the fluid phur. The procefs as given by Beaume^ fome- 
beneath from being a£ted on in the fame man- what improved, is the following : mix to- 
ner, unlefs the cruft is broken by ftiaking. This gether in a mortar, and put into a retort, 3lb8. 
fait has been propofed to be ufed inftead of the of flacked lime, ilb. of lal-ammoniac, 8 oz. of 
alkalies in bleaching, as all the fulphurets pbf- flowers of fulphur *, and add to this, when in 
fefs highly detergent qualities, and this can be the retort, 6 oz. of water. Adapt a tubulated 
prepared much cheaper than the alkaline ful- receiver, and proceed to diftillation with a gen- 
phurets. Mr. William Higgins, of Dublin, the tie heat. The firft drops that condenfc are 
inventor, gives the following proportions :’*—*• nearly watery, but thofe that follow are yellow ; 
boil in an iron kettle, for half an hour, 4 lbs. and when about 6 oz. bf liquor has diftilled 
of fulphur, 2olbs. of lime, well flacked and over, a vaft quantity of white claftic vapour 
(ifted, and i6 gallons of water, with frequent arifes,* which fills the receiver, and would burft 
ftirring. This yields, after a (hort fubfidence, it, if it had not vent, and of which only a 
a clear fulphuret of the colour of fmall beer, portion can be condenfed, and with great diffi- 
and the fame quantity of frefti water may be culty. The fire is then to be kept up fteadily 
poured on the refiduc to extraft the remaining for an hour or more, till the bottom of the retort 
fulphuret. For the purpofe of bleaching, the becomes flightlyred, during whidh about fix or 
whole quantity of liquid is to be made up to eight ounces more of liquid are obtained, 
fixty gallons, and in this brown linen cloth may The produfl of this diftillation is a yellow, 
be fteeped for twelve or eighteen hours, alter- pungent liquid, fmelling ftrongly both of am- 
fiating with oxymuriat of lime, for about fix monia, and of fulphuretted hydrogen, and giving 
times, by which it will acquire the requifite out abundance of white fumes the moment it is 
whitenefs. The cold liquor anfwers nearly, if uncorked. It is the liquid fulphuret of am- 
not entirely, as well as the hot. monia. In this procefs the ammonia, ex- 

Sulphuret of Barites and Strontian. The H- pelled from the fal-ammoniac by means of the 
quid fulphurets of thefe earths may be made lime, a£ls upon the fulphur in the moment of 
either by boiling the pure earth with fulphur its formation, diiTolves the fulphur, and, to- 
and water, or by calcining the fulphats of thefe gether with the water prefent, rifes in vapour, 
earths with charcoal, to convert them into ful- and condenfes in the receiver. Though only 
phurets, and diflblving the latter out from any fix ounces of water are added to the mix- 
remaining undecompofed fulphat. It has been ture, full double the quantity is obtained, 
already mentioned, under the head of Hydro- the reft being expelled from the flacked lime 
fulphuret^ that thefe folutions, when fully fa- by the heat. If lefs water is added, the pro- 
turated, depofit cryftals which are pure hydro- dufb is ftill more fuming, and there is a ftifi 
fulphurets, fince they efFervefee ftronglv with greater wafte of incoercible vapour. This 
an acid, and do not depofit fulphur in the pro- wafte, however, was only incurred before the 
cefs. But the entire folution contains an excefs invention of Woulfe^s apparatus; for by its 
of fulphur, which will feparate on adding an adoption the whole of the vapour may be con*^ 
sicid. denfed, either in vi^ater, or in an alkaline folu- 

Sulphuret of Ammonia. Thou^ Jislphuretted- tion, at plealure. 
hydrogen and ammoniacal gas, will combine in To afeertain the precife nature of this fuming 
the dry way into a hydro-fulphuret of ammonia, fulphuret, Berthollet made the following expe- 
fulphur cannot be united with this alkali except riments: the materials for producing it, name- 
in the liquid form, and this too is not readily ly, Kme, fulphur, and fal-ammoniac, were 
effected, except through the medium of distil- mixed in a retort, and the produil condenfed 
lation ; for when fulphur and liquid ammonia as ufual ; but was received in two feparate por- 
are fimply digefted together, it requires a con- tions, the firft of which was of a light yellow*^ 

* Phil. Journal, Vol. 3, 
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md Highly fuming ; the fecdnd was of a much by BerthoIIety and confifts (imply of fulphuret* 
deeper colour, and not fuming. Thefe were ted hydrogen^ with a large excefs of fulphur, 
put into feparate vefTels, and into a third was and without any alkaline or other bafc. It is 
poured fome liquid hydro-fulphuret of ammonia, prepared by mixing ;it once a large proportion of 
made by faturating liquid ammonia with fuU muriatic acid with dquid fulphurct of potalli, 
phuretted hydrogen gas, and which did not or better, by pouring the fulphuret in fmall 
nime. Muriatic acid was then added to each 5 portions into the acid, during which moft of 
and with the firft, namely, that containing the the fuJphur is precipitated as ufual, but very 
fuming part of Ae diftilled liquid fulphuret, little ellervefcencc takes place, and the ful- 
gave but little fulphuretted hydrogen, . and phuretted hydrogen, inftead of efcaping in a 
caufed but little fulphur to precipitate, though gafleous form, unites with a portion of the 
a conGderable quantity of the acid was required fuiphur, and condenfes with it into a liquid of 
tofaturateit : with the fecond, n;*mcly that con- the appearance of oil, which gradually collects 
taining the portion of the diRilled liquid which at the bottom of the veflM in which the mix- 
gave no fumes, more cfFervefccnce was excited, ture is made. This fubitaiice was firft noticed 
more fulphuretted hydrogen was evolved, and by Scheele. 

more fulphur was precipitated : with the third. When this fuper- fulphuretted hydrogen is 
namely that containing the fimplc hydro-lui- mixed with liquid fulplmret of potalli, fulphur 
phurct of ammonia, much of the gas was given is depofited^ for, as has been already menti- 
out, but little or no fulphur was depofited. oned, the liquid fulphuret is capable of com- 
Other portions of the fecond and third folutions bining with, and adlualiy nbforbs from the new 
were taken, and liquid ammonia was added to compound, an additional portion of fulphuret- 
each, which immediately gave them both the ted hydrogen, which in confequence abandons 
fuming property, and rendered the fecond li- its excefs of fulphur. Another portion of the 
quor in every rcfpedb fimilar to the firft. precipitated fulphur is alfo furniihed by the li- 

lt therefore appears that the property of quid fulphuret during its further laturation 
fending forth white fumes may exift both in the wdth fulphuretted hydrogen, which in this re- 
liquid fulphuret and in the fimple liydro-fui- fpe£I a^s as an acid, as has been before no- 
phuret, and is produced by an excefs of am- ticed. As therefore the portion of fulphur 
monia, which not finding fulTicient fulphur which is already united with an alkali 19 able to 
or fulphuretted hydrogen to keep it down, is abftradl fulphuretted hydrogen from its com- 
volatilized in the air, and carries with it part bination with fulphur alone, it is obvious that 
of the fulphuretted hydrogen contained in the the fuper-fulphurettetl hydrogen cannot be pro- 
folution. Hence too, when the fuming hydro- duced till there is a fuflicient excefs of acid to 
fulphuret is digofted with fulphur, it diftblves engage all the alkali, and detach it from the 
a portion, and then lofes its fuming property, fulphur, which happens when a little of the 
as the excefs of ammonia is then engaged by tne . liquid fulphuret is poured into a larger quantity 
fulphur. This latter compound (that is, hydro- of acid. The fuddennefs of the decompofition, 
fulphuret of ammonia, digefted with fulphur to and denfity of the fluid produced by the copi- 
faturation) has a deep colour and an oily con- ous depofition of fulphur, appear alfo to alfift 
fiftence, and does not depofit fulphur by any in fc^rming this fnigular compound, 
further addition of fulphuretted hy<lrogen ; and Super-fu I phuretted hydrogen may he confi- 
thcreforc it is ftrif^ly a fulphuretted hydro-fui- dered as a compound in which the elallicity of 
phuretj or f^ydrogureUed fulplrtret^ in the fenfc the gas is kept dow'n rather tlian entirely fiib- 
to which we have limited it in the beginning of dued, by the folid with which it is condenfed 
this article; and an excefs of ammonia would into chemical union, fo that this union is very 
convert it into a compound exa£lly the fame as flight, and is readily broken in circumftanccs 
the fuming fulphuret deferibed by Boyle. The at all favourable to tJie gas refuming its elafti- 
latter foon lofes its fuming property on expofure city! Hence when it is kept in a phial with 
to air, after which it abforbs oxvgen like the water, on the furface of which it fwims, it is 
other fulphurets, and a white fulphur is de- conftantly in a ftate of ebullition, and if the 
pofited. phial is uncorked, the wdiole of the fulphuret- 

ted hydrogen exhales, and the fuJphur returns 
SuPERrSULPHURETTED SuLPHUR. Hydro- to its original ftate, and falls to the bottom of 
guret ted Sulphur <^C\ievkQvW^ SouJ're Hydrogeue. the water.® Alfo if a little of this liquid be 
This is a very curious combination, difeovered taken in the mouth, it gives a pungent, bitter^ 

* Pfouft. 
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hydro-fulphureous tafte which foon goes ofF, 
leaving nothing in the mouth but iblid fulphur^ 
flicking to the teeth. 

When a folutimi of potafli is added to fuper- 
fulphuretted hydrogen, a fmall portion of lul- 
phurotted hydrogen exhales, and the remainder 
unites with the potafh forming a folution 
which refeinblcs in every refpe<^^ the common 
liquid fulphuret of potafli. 

As the foregoing fubjecl is fomewhat intri- 
cate, it may be ufcful to recapitulate fhortly, 
the various combinations of fulphur, hydrogen, 
and an alkaline or earthy bafis, with their dif- 
tinguilhing charafters. 

1. Sulphuretted Hydrogen^ a gas fomewhat 
heavier than common air, compofed of hydro- 
gen holding fulphur in folution; has a peculiar 
fetid fine II, is inflammable, is abforbed by water, 
docs not render lime-water immediately turbid, 
when in liquid folution is readily decompofed 
by expofure to air, or by the acids which eaflly 
part with their oxygen, fuch as the nitrous and 
oxymuriatic, during which its hydrogen is firft 
engaged and quits the fulphur, which therefore 
is precipitated in its natural form. Sulphuret- 
ted hydrogen reddens litmus, unites largely 
with alkaline and earthy bafes, forming with 
mort of them cryflallizablc falts in which the 
bafe is nearly if not entirely neutralized, fepa- 
rates fulpliur from its combination with alkalies, 
and in all thefe refpedts performs the fun<^ion of 
an acid. It is however detached from its com- 
binations by every acid, and then re-aifumes its 
gafleoiis form, and pafles ofl^ by efFervcfccnce. 
It blackens the folutions of many metals, and 
precipitates mofl of them, but not the falts of 
iron and manganefc. 

2. Hydro-fulphurets are the faliiie combina- 
tions of fulphuretted hydrogen, with the feveral 
alkaline or earthy bafes. They arc, when re- 
cently mailc, pcrfcflly clear and coiouricfs, and 
oil the afl'iifion of a flrong acid they eflervefee, 
and give out abundance of fulphuretted hydro- 
gen, blit no fulphur is precipitated, the hydro- 
g'^ii being fullicient to carry oif the whole of it. 
The TuI[)Iiur tlierefoic is Ihlely that which be- 
longs to the conflitution of fulphuretted hydro- 
gen. 'rii * hydro-fuipliurets by expofure to air, 
abforb its oxygen, and in fo doing lofe a propor- 
tion.ite quantity of their hydrogen, whereby 
they turn yellow and cloudy, and on the alFu- 
llon of an acid they tlien both etfervefee; and 
depoiit Udphuv, fo tliat in this (late the fill pluir 
is in exc.Ts rcdatively to^lic cpiaiitity of fulphu- 
yetted hydrogen. 


3. Sulphuretted Hydro-fulphunts are hydro- 
fulphurets holding an cxccfs of fulphur in folu- 
tioii, and are made either by digefting the pure 
hydro-fulphurcts with fulphur, or by expofing 
them to the atmofphere for a Ihort time, till 
they turn yellow, and till a portion of the hy- 
drogen is deflroyed. The former method how- 
ever gives the mofl concentrated folution* 
Thefe compounds on the affuflon of muriatic 
acid both eflervefee and depofit fulphur, but 
on pafTing a frefli portion of fulphuretted hy- 
drogen through them, no fulphur is feparated, 
and in this lafl circumftance they difler from 
the Common liquid fulphurcts. 

4. Super-fulphuretted Hydrogen is that Angular 
liquid produced by decompofing a liquid ful- 
phurct by a large quantity of acid, and conflfls 
of fulphuretted hydrogen exceflively loaded 
with fulphur, and adhering to it fo loofely as 
totally to quit it on applying a gentle heat, or 
expofure to air. An alkaline bafe therefore is 
a neceflary intermede to efFeft a permanent 
union between fulphur and fulphuretted hydro- 
gen, and hence the addition of an alkali to this 
fuper-fulphuretted hydrogen, brings it to the 
flate. of lulphurettcd hydro-fulphuret. 

5. Dry Sulphur ets or Hepars. Thefe are 
Ample combinations of fulphur and alkali cf- 
fefted by fuAon at a low red heat. When the 
alkali is carbonated a part of the carbonic acid 
remains in union, and is expelled by an acid. 
The dry fulphurets of the alkaline earths can 
only be made by dccompoAng their fulphats by 
fuAon with charcoal, and then arc impure. 

6. Liquid Sulphurets, The folution of any 
dry fulphuret in a watery liquid, or of fulphur 
in a liquid alkali or alkaline earth, generates a 
quantity of fulphuretted hydrogen (though in 
no degree proportionate to the fulphur dif- 
folved) which mixes with the other conftituents 
and the whole forms a cauftic yellow liquid 
with flrong alkaline properties It is compofed 
therefore of the Aime materials as the fulphu- 
retted hydro-fulphurcts, that is to fay, of ful- 
pliurettcd hydrogen, fulphur, and an alkaline 
bafe, but differs from thefe falts in containing a 
'much larger excefs of fulphur, and a much 
fmallet quantity of fulphuretted hydrogen, and 
hence the afi'ulion of an acid caufes in general 
only a fmall effervefcence (fometimes hardly 
perceptible) but a copious reparation of ful- 
phur; and beAdes (which is a diflinguifhing 
mark) much fulphur is precipitated by pafling 
through it a current of fulphuretted hydrogen. 

* In the liquid fulphurets therefore tne fulphur 
feems to be held in folution by the alkali alone. 
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and the fulphurctted hydrogen to be but an ac- limilar way, whence we may infer it as a general 
cedary ingredient; whereas in the fulphuretted rule that in all the dry combinations of a metal 
hydro-fulphurets the fulphuretted hydrogen ap- and fulphur, after the utmoft effect of expefure 
pears the principal folvent of the fulphur^ and to a heat capable of fubliming fulphur has been 
the alkali to a£l as it were, as an intermede to given, the metal is nearly if not entirely regu- 
render this union more permanent. line, provided there has been fulphur enough 

7, Simple Liquid Sulphur ets. On the autho- added to engage all the oxygen which the metal 
rity of Proud whofe experiments have been al- may have contained. 

ready detailed, wx may admit the exidence of a When metallic folutio^s are decompofed by 
(implc liquid folution of fulphur in alkali when the liquid alkaline fulphurets, the metal com- 
the fulphuretted hydrogen has been withdrawn bines with the fulphur, and a part, at lead, of 
by adding red oxyd of mercury. This liquid the fulphuretted hydrogen is dedroyed, its hy-» 
depofits fulphur copioufly on adding acids, but drogen uniting with the oxyd of the folution to 
does not effervefee, and gives out no fulphu- bring it to the metallic date, and its fulpliur 
retted hydrogen. mixing with the other fulphur of the fiilphurct, 

8. Fuming Ammoniacal Hydro^fulphurcts and Hence mod of the precipitates formed in fiich 

liquid Sulphurets. The liquid combinations of cafes are fimple fulphurets, and not hyclro-lul- 
fulphur or fulphuretted hydrogen, or both toge- phuretted oxyds. It is even doubtful if there 
ther, with ammonia, have the property of emit- can be a hydro-fulphurettcd oxyd, for the fird 
ting white fumes when the alkali is in excefs, a£i:ion of iulphurcttcd hydrogen is to reduce 
which therefore mud be confidered as another the oxyd to the metallic date, uxilefs in dead of 
fpecies of this clafs of fubdances. a compleat rcdu6iion, it brings it to the date 

of lowed oxygenation. The prodiuflion of 

Sulphur unites direflly with all the metals fulphuretted hydrogen by the aflufion of an 
except gold and zinc. Chemids have didin- acid on the precipitate formed in fuch cafes is 
giiiflxed the different combinations of fulphur not a fatisfa£lory proof of its being a hydro- 
with the metal, fulphur with the metallic oxyd, fulphuret, as it is with the alkaline and earthy 
and fulphuretted hydrogen with tlie metallic hydro-fulphurcts, for with the metallic com- 
oxvd, w'ith or without an excefs of fulphur. pounds, the fulphuretted hydrogen may be gc^ 
Of thefe combinations the (impic fulphuret, or nerated by the a£lion of the acid, inllcad of 
union of fulphur with the reguline metal is by being merely evolved. This is obvious from the 
far the mod intimate, and it is even doubtful if ufiial way of producing this gas by muriatic acid 
there can be a proper fulphuretted oxyd in the and fulphuret of iron, wdiich therefore throws 
dry date. For if fulphur is mixed wdth a me- much difficulty in tlic w^ay ofthe aiialyhs oftjiofc 
tallic oxyd and heated in a clofe vefl'el to the metallic compounds. It alfo appears from tliis 
pcrfedl fufion of the mixture, a quantity of ful- that there cannot be a fiinplc metallic Jiydro- 
phurous acid is always fird given out, owing fulphuret, but that this comptniiul v. Ik never it 
to a deoxydation of the oxyd by a portion of is formed mud always cxid with excefs of ful- 
the fulphur, and the metal (nearly if not en- phur, for there is no other method of pro- 
tirely in a reguline date) remains in permanent ducing a hydro-fulphurct than by adding liquid 
union with the remainder of the fulphur. This fulphurcttctl liydrogen, or an alkaline or earthy 
important fadt has been clearly illudratcd by hydrofulpliiirct to a metallic folution, iind as 
the experiments of Proud* on the oxycis and already mentioned a part of the fulphuiettcd 
fulphurets of antimony. If 100 parts of anti- hydrogen mull be decompofed, and an excefs of 
mony be dillilled with as much fulphur, all the fulphur produced before any comb; nation c:m 
excefs of the latter flies off, and there remains take place. The whole of ihir, fubjecl in.wt ver 
at lad 135 parts of fulphuret, which cohtinues is dill involved in many dilficuliies, and rc- 
/ permanent at a heat more than fufficient to vo- quires further experiments, 
latilize fulphur alone. If on the other hand a 

quantity of oxyd of antimony, equivalent to 1 00 SULPHURIC ACID, Vitriolic acid. Oil 
parts of the metal, be didillcd with as much of Vitriol. Acide fulfuriquc^ Fr. SLh%ueJ\lsaure, 
fulphur, a large quantity of, fulphurous acid Germ. 

flies off along with the excefs of fulphur, and This acid, perhaps the mod important of 
the refidue is as before 135 parts of fulpliuret. any for its extenfive ufc, is faid to have boon^ 
The other metallic oxyds appear to aci in a found by BaldaflUri in a concrete ftatej lining a 

r ^ Journ* de Phyf. xom.^s* 
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grotto in Mount St. Amiato in Tufcany; it is nearly equal to half the weight of the qalcined 
alfo occurs in the crevices of volcanic moun- fulphat. 

tains, and didblvcd in a few mineral waters. If the acid be examined at different periods 
It is not however from any of thefe fources of the dillillation, it will be found to be more 
that the fulphuric acid of commerce is obtained, and more denfe according to the violence of the 
the whole of this being procured either from fire required for its extrication; the latter por- 
the diftillation of fulphat of iron, or from the tion if received in a feparatc veflel will gene- 
coiiibulUon of fulphiir. rally congeal upon cooling, hence it is called 

Siilphat of iron (or green vitriol) as we have glacial fulphuric acid ^ this property however is 
elfewhero fiiown, confifts of fulphuric acid, not entirely owing to its denfity, as we fhall 
water, and oxj’^d of iron; by proper methods prefently (how. 

the acid may be feparated from the other in- The fulphats of copper and zinc have occafi^ 
gvedients of the fait; and this continued to be onally been employed, inftcad of the fulphat of 
the only origin of fulphuric acid in the great iron, but with a manifeft difadvantage, both 
way, till the difeovery, by the manufa£luring bccaufe they are dearer than the latter fait, and 
Englifli chcmills, of the art of prepr.ring it by becaufe they require a higher and longer con- 
the*^ combuftion of fulphur. As tliis latter dil- tinned heat to drive off the whole of the acid, 
covery has not however as yet entirely fuper- The following is the ufual method of manu- 
feded the former, wc lhall give an account of fafturing fulphuric acid from the combuftion 
both, beginning w^ith the moft ancient. of fulphur. A chamber is conftru£led of frame 

Sulphuric acid is thus prepared at Bicyl, in work, and lined with ftrong (heet lead; the 
Bohemia.* A long horizontal furnace or gal- only aperture is a fmall door, made to fhut 
lery of briclc-work is conftrufled capable of re- very clofe, the bottom of which is a little 
ceiving a number of retorts; the retorts them- higher than the floor of the chamb^^r. Water 
Iclvcs are pear-lhapcd veflels, with a flightly is poured into this chamber till it rifes to the 
curved neck, by wdiich they fit into earthen re- heighth of an inch or two upon the floor, and 
ccivers nearly of the form of common retorts, a (land is introduced on wdiich is placed an 
The whole apparatus being prepared, each re- earthen pot containing a few pounds of fulphur 
tort is charged witli 3 lbs. of fulphat of iron, and nitre, in the proportion of from eight to ten 
previoufly calcined at a full red heat, and the of the former to one of the latter; this mixture 
fire is lightetl. The firft efFefb of the heat is is fet fire to by means of a red hot iron, and 
to drive off the molflure abforbed by the vitriol the door is immediately clofed; at the expira- 
in the interval between its calcination and dif- tion of about fix hours a fecond charge of ful- 
tillation; this phlegm being only very flightly phur and nitre is introduced, which after a 
acidulous is allowed to efcape, and when it fimilar interval is replaced by a third, and fo on 
cealcs to come over, the receiver with a little without intermiflion for a fortnight or three 
water iii It is luted on to the retort; the fire is weeks. At the end of this period the water in 
now railed and kept up brisk for 32 hours, the chamber is fufficiently acidulated; it is ac- 
diiring which time the acid rifes in the form of cordingly transferred to a leaden boiler, where 
denfo white vapours, wdiich fill the receiver, the greater part of the water is evaporated; in 
and are there abforbed by the w^atcr. Thefe proportion however as the acid becomes more 
vapours being at a high temperature foon ren- concentrated, it is more difpofed to corrode 
der the receiver very hot, hence the workmen and diflblve the lead of the boiler; therefore 
judge of the termination of the procefs by the before this degree of concentration takes place, 
receiver becoming cool in confcqucnce of the the liquor is transferred into large green glafs 
vapour ceafing to rile. The red oxyd of iron retorts, where a degree of heat is applied fuf- 
or colcothar, is now- taken out of the retort and ficieiit to drive off almoll the whole of the 
its place is fuppHed with a frclh charge of cal- water. As the acid becomes ftronger it alfo 
cined vitriol; the diilillation then takes place as becomes clearer and lefs coloured in confe- 
alreaily defevibed, except that the former pro- quence of a portion of acid re-a£Hng on the 
diice of acid is not emptied out of the receiver, impurities w'ith which it is tinged, and thus dc- 
and therefore there is no occafion to add any ftroying them. When the acid is thus brought 
water. If the retort is well made and carefully to the required denfity and clearnefs, it is 
luted all over, it will lad for three fucceffive, poured out of the retorts into largo globular . 
4iftinaivon8, and the quantity of acid obtained glafs bottles, furrounded with wicker work" 

« Fragofo de Sequeini in Journ. de PhyC vol. Li p. 
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AuflM.vath ftraw (called cartoys) and is then tliis able chemifl: was a leaden chamber with a 
brought into the market^ under the name of ilove conftru£ted on the outlide, and'^commuiu- 
Oit -if Vitriol. eating by means of a flue with the chamber. 

The fulphuric acid obtained from the diftil- In this ftovc the fulphur w^as mcJted, and u 
lation of green vitriol exifts ready formed in blafl: of air being direded on its furface, com- 
the fait, its extrication is a perfeilly Ample buftion took .place, and the produflrs of this 
procefs, and the only impurities that it can pof- combination pafled into the leaden chamber, 
fibly contain are fulphurous acid, and a very and were thus brought in contaA with the 
minute portion of oxyd of iron, and of the w'^ater which it contained. When the current 
earth oi the retort. When loaded with 'ful- of air pafled very rapidly over the fulphur, only 
phurous acid it has a fuffocating odour, and a very finall quantity of this latter fuflered 
when expofed to the air gives out a white va- combuflion, the greater part being Amply ir:- 
pour like ftrong muriatic acid; ir ufed formerly volved in the air in a minutely divided flate, 
to be fold in this ftate by the name of fuming oil and depoflted within the chamber in the form 
vitrioif and was farmer diflinguiflied by its of flowers of fulphur. By moderating tKe ra- 
property of congealing into a foft ice, at a very pidity of the current of air, the combination of 
moderate degree of cold. By dilution with a the fulphur with oxygen is more complete, a 
little water, and fubfequent boiling for a few large quantity of fulphurous acid is produced, 
minutes in a glafs veflci, the fulphurous acid is and part of tne fulphur is found covering tije 
driven off, and the refldual fluid is common furface of the w^atcr in form of a thin elalVic 
fulphuric acid in a (late of very conflderable (kin. If the current of air is rendered 11111 
purity. ^ ^ ^ flower, fo as but juft to keep up the combuf- 

It might be imagined a priori^ that fulphur tion, the whole of the fulphur is acidified, but 
would be convertible by (imple combuftion into fo large a portion of it is in the ftate of incon<- 
fulphuric acid, this however is by no means den Able gas, that the produft of true fulphuric 
the cafe. In the firft rude attempts to obtain acid is altogether inflgniftcant. In one of M. 
fulphuric acid by this procefs, the method em- ChaptaFs experiments he burnt in the courfe 
ployed was the following: a large (hallow ba- of feven days 1135 lbs. of fulphur, at the end 
fon was half-fllled with hot water, and an of which time fo prodigious a qu'<;ntity of fuf- 
earthen ^ crucible, or other ^ convenient vefTel focating gas poured out from the chamber as 
filled with melted and ignited fulphur, was to render it necelTary to flop the procefs; in 
fixed by means of a (land in the middle of the three or four days after, the door of the cham- 
bafon, and juft above the furface of the water; ber was opened, and after the gas had efcaped, 
a large bell glafs was then whelmed over the it was found that the water on the floor of the 
pot of fulphur, and brought nearly though not chamber was covered with a flexible skin of 
quite in conta£l with the water; in this (itua- fulphur, and was fcarccly at all acidulous to 
tion the vapour arifing from the combuftion of the tafte. 

the fulphur, rofe into the bell glafs where it In a fecond experiment the combuftion vvns 
mixed with the (learn of the hot water, and much (lower, 2900 lbs. being burnt in the 
condenflng trickled in drops down the fides of fpace of thirty-three days; during the prdeefs 
the glafs into the bafon. But though by this *much fulphurous acid gas efcaped, and on the 
procefs a certain quantity of fulphuric acid was chamber being opened tlicre was no appearance 
obtained, yet fo large a portion of the fulphur of fublimed fulphur or of film upon the water, 
efcaped in incondenfible fuflbeating fulphur- fo that the whole of the fulphur had undei^one 
ous acid gas as to render it botli a very o(|en- combuftion, but the produa: of condenfible 
(ive and uneconomical mode of proccetling. acid- was fo fmall that the water was only 
Nor does the want of fuccefs in thefe experi- (lightly acidulous, and fcarcely eflervelced witii 
nicnts appear to have arifen from any Imperfec- carbonated alkali. Hence it appears, that 
tion of the apparatus or want of care in the though* atmofpheric air will cflea the combuf- 
manipulation, for they have fince been repeated tion of fulphur, yet the produ£l is little elfe 
hy various manufaflurers on a great fcale, but than incondenfible fulphurous acid, 
with the fame refjilt^as at firft. Chaptal ap- Several other methods have been tried to 
pears to have beftowed particular care on this fupercede the neceflity of employing nitre, but 
fttbjea, we {hall therefore (late the refults of , with little or no fuccefs. Water contains a 
his ex|^r^ents«^ The apparatus employed by large proportion of oxygen hi its com'pofitioii 

^ ^ An. de Chim. ii. p, 36. 
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and 13 readily decompofeable at a moderate heat more rapid condenfation of the acid enfues than 
by a variety of fubilances, attempts have been in the ufual way of proceeding. In fome of 
accordingly nude to employ it for the oxygena- the beft contrived chambers the combuftion of 
tion of fulphur. If to fome of this latter when the nitre and fulphur is effefted in a feparate 
melted and ignited, there be added water drop ftove, and the acid vapour thus produced is 
by drop, at Ihort intervals, the flame of the poured by means of a pipe into the condenling 
fulphur will be enlarged, its colour will become chamber. 

of a yellowilh tinge, and a denfe white vapour There is a good deal of diflTerence among the 
will arife from it, but this latter when condenfed manufailurers as to the proportion of nitre em- 
appears to be only very (lightly acidulated water ployed, by fome it is made equal to i of the. 
highly charged with minutely divided fulphur. ^ fulphur, while by others it is not allowed to 
A more likely method of producing fulphuric exceed tV- This however appears to be fatis- 
acid was by mixing with the fulphur a portion fa£lorily eftabliflied, that within the above limits 
of black oxyd of manganefe, capable of furnifli- the greater the proportion is of nitre, the more 
ing a quantity of oxygen equal to that contained caflly condenfible will the acid vapour be, and 
in the proportion of nitre ufually employed, the lefs fulphur will be loft in the form of 
but though this mixture has been treated in fulphurous acid gas. If the nitre exceeds of 
various ways, it docs not appear capable of the fulphur, the combuftion will be fo rapid as 
furnifliing a greater quantity of fulphuric acid to drive into the chamber a confiderable pro- 
than when fulphur is (imply burnt in atmof- portion of fulphur unaltered. The acid vapour 
pheric air. Even oxygen gas itfclf when diftri* is of a denfe. opake white colour, and according 
buted by means of a pipe over the furface of to Chaptal is conflderably luminoAis : when as 
heated lulphur is by no means comparable in much of it is condenfed as is capable of being 
in edicacy to nitre ; the rapidity of the com- fo in the ufual procefs, the refidue becomes 
huilion is indeed very rapidly increafed, but quite tran(parent, and is for the moft part a 
the produ£t is almoft entirely fulphurous acid mixture of fulphurous acid gas and nitrous 
gas. gas i it has a peculiar and very pungent fufFo- 

When the method of producing fulphuric eating odour, and upon opening the door of 
acid by the combuftion of fulphur and nitre the chamber, it prcfently acquires a faint orange 
was (irft difeovered, the apparatus employed red colour, by combining with the oxygen of 
was a feries of very large glafs balloons, at the the air, and thus forming nitrous acid vapour ; 
bottom of each of which was a little water to this as foon as formed re-a£ls on the leaden 
condenfe the vapour j only a fmall quantity lining of the chamber, corroding it deeplv, and 
of the mixture could be burnt at once, and con- is the principal caufe of the fulphat oi lead, 
ft ant fiipcrintcndence was nccelTary to fupply which common fulphuric acid always contains, 
the balloons with frc(h charges of the materials, and often in confiderable abundance. It would 
in order to fave much of this manual labour conduce much to the purity of fulphuric acid, 
and the heavy lufs arifing from the frequent and might probably be found even to be an 
i'ra£lurc cf the veflels, leaden chambers were economical plan, to line the chamber with glafs 
made ufe of, which befides requiring Icfs atten- inftead of flicet lead ; the general appearance. 
dance, and bcMig upon the whole cheaper, of the cliamber would then refemble a green- 
rendered it caller for the manufafturcr to ex- houfe, and all the wood work (hould be faced 
tend his eftabliihment to any required magni- internally with glafs ; a compofition of wax, 
tude. Thefe chambers arc of various con- niaftich, and fine fand, would form a ftrong 
ftruCTtion ; the moft fimple and in moft general cement for the glafs, and little liable to be a£led 
life, are furnilhed only wdth two apertures, on by acid vapours, more efpecially if the in- 
namely, a fmall door, by which the water and terftices filled up with it were dufted with 
(he fulphur and nitre are introduced, and a powdered glafs or very fine fand, while the 
leaden pipe , with a ftop-cock, by which the cement was yet warm and adhefive. Such a 
water when acidulated is drawn ofF; other chamber would have the additional advantage 
chambers have a £cw fmall apertures of allowing the operator to fee what was palling 

for the introduAion of atmofpheric air during within, without the necellity of opening the 
the combuftion, and a (learn pipe conne£led door. 

with a boiler, it being found that if the water With regard to the ftrength of the acid whefs 
is introduced in the ftate of fteam, a much withdrawn from the condenling chamber^ we 

• Chaptii], ApplxcatioB de Cbimie aux Art8,&c. Vel. II. 
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are informed by Cbaptal, that in his manufac- 
tory it ufcd to mark between 40® and 50® on 
Beaume’s areometer; it was then evaporated 
in leaden boilers^ till it arrived at 6o® of Beaume, 
and was laiUy condenfed in glafs retorts till it 
was equal to 66®) and was then at the common 
deniity of the oil of vitriol of commerce. We 
are told by the fame author) that one part of 
fulphur affords nearly two parts of fulphuric 
acid at the above denfity : this however appears 
to be a miftake. We (hould imagine that 
in the common manufa£lories the lofs by ful- 
phurous acid gas would nearly counterbalance 
the increafe from the addition of oxygen and 
water; indeed it is exprefsly dated by fome 
authors that loolbs. of fulphur produce by com- 
bullion an equal weight of fulphuric acid. 

It has been already mentioned that the 
common Englifh fulphur (and probably all that 
which is obtained during the roafling of copper 
ore) is unfit for the preparation of fulphuric 
acid^ on account of a yellowifh-brown colour 
that it gives to this fluid) and which it is ex- 
tremely difficult to get rid of. For this reafon 
the refined Sicilian fulphur is the only kind 
that is employed in this manufaflure, at lead 
in Britain. But though by the due fele^ion of 
fulphur one fource ot impurity is avoided) yet 
there are others which, according to the ufual 
mode of preparing this acid, it is impoffiblc to 
efcape. The watery acid as it runs from the 
leaden chamber) is neceffarily mixed with ful- 
phat of lead) with a fmall quantity of nitrous 
acid) and holds fufpended in a minutely divided 
date a portion of fulphur, from which it ac- 
quires a yellowifh colour: during the evapo- 
ration in the leaden boilers, probably a little 
more fulphat of lead is taken up. The high 
heat required for the final concentration of the 
acid in the glafs retorts, by caufing the nitrous 
and part of the fulphuric acid to re-a£l on the 
difFufed fulphur and other inflammable impu- 
rities, takes away, for the mod part, the colour 
from the fluid, and drives off the whole of the 
nitrous gas and fulphurous acid, together with 
a portion of water : thus the only impurity that 
finally remains in the fulphuric acid is fulphat 
of lead. But it not unfrequently happens that 
the acid during concentration lofes its colour 
very flowly, to expedite which it is ufual to 
add a little nitre, the acid of which being fet at 
liberty ads rapidly on the colouring matter and 
dedroys it, being itfelf finally driven off in the 
date of nitrous gas. The alkaline bafe of the 
nitre however remains diflfolved and combined 
■with the fulphuric acid, fo that befides fulphat 
of lead it is further contaminated by fulphat of 


potafh) and if the nitre is added fomewhat Jit 
excefs, and only a little while before the con- 
centration is finiflicd) it is very probable that a 
portion of nitrous acid will dill remain. Nor 
is it of trifling moment that the wdiole of the 
nitrous acid fhould be expelled, for if the dyer 
or callico printer employs an impure acid of 
this defeription in making Saxon bine (fulphat 
of indigo) he will find to his cod that he has 
got a green indead of a blue pigment. From 
the occafional occurrence of the above and other 
fimilar difappointments it is that the dyers mi 
the continent) when they can procure either 
the fulphuric or the genuine vitrhiic acid, al- 
ways prefer the latter, notwitlidanding the 
great fuperiority of its price. 

Common fulphuric acM may be freed fre in 
the fulphats of lead and potafii wliich it gerie- 
rally contains, by didillation ; this, however, 
though apparently a very fimple procef^, 
rather a nice matter to manage, according to 
the ufual method. Sulphuric acid is not capable 
of being didilled at lels than a red lieat, lit-n 
therefore the denfe hot vapour fird coijies in 
conta£l with the necks of the retort and receiver, 
it is apt to break them, unlefs the precaution 
has been taken of thoroughly heating them by 
means of a pan of charcoal placed beneath, a 
minute or two before the didillation commences. 
All this rilk however may be avoided (and in 
fome laboratories it aflually is fo) by conncflliig 
the glafs body, in which tne acid is boiled, with 
the receiver, by means of a tube of platina: 
boiling fulphuric acid has not the lead adlioii 
on this metal, and the vapour in its pafiage 
through becomes fo far cooled and condenfed, 
that it flows into the receiver in drops. 

Sulphuric Acid, when pure, is perfcdlly 
tranfparcnt and colourlefs; but the common 
oil of vitriol of the (hops has aimed always 
a very pale hair brown tinge, probably arifing 
from the carbonization of a little of the cement 
with which the bottles in which it is kept are 
clofed. In its general appearance and confif- 
tence when (haken it is not unlike oil, whence 
it derived its commercial name oU of vitriol. 
It is entirely inodorous : to the touch it is at 
fird^fmooth and undluous, but it prefently aft^ 
excites a violently burning fenfat ion, and corrodes 
the Ikin with great rapidity ; even when largely 
diluted with water, it is acerb and intenfely 
four, and fets.the teeth on edge. It changes 
mod vegetable blues to red, and exhibits 'the 
other generic charaflers of acids in an eminent 
degree. Concerning the utmod polfible deirfty 
of this acid in an uncombined date,* diere is a 
3 A 2 
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remarkable difference among chemical writers^ 
according to Beaume and Bergman it fome- 
times amounts to 1 ^5 • According to Wiegeb 
the fpecific gravity of the fuming glacial ful- 
phuric acid is = 1.898^ ^hile that of the 
Knglifh fuiphuric acid cannot be brought higher 
than 1.851. Mr. Perceval found that com- 
mon fulpliurid acid of the fpecific gravity of 
1.842, after being heated to rednefs ror half an 
hour in a retort, during which time it emitted 
copious white fumes of fuiphuric acid and ful- 
phurous acid gas, was increafed to 1.852: but 
this concentrated acid was impure, fince by 
dilution with water it depofited a white powder, 
probably fulphat of lead^ being then diftilled, 
the acid that came over appeared to be perfedly 
pure, and when concentrated by being heated 
for fome tin^e in a retort, its fp. gr. was found 
to amount to 1.846. Hence it appears that 
there is a real difference in the extreme den- 
{ities of fuiphuric acid made from fulphujf and 
that procured from the diftillation of martial 
vitriol. Nor is this at all furpriling if we attend 
to the circumffances of their produ£lion. The 
fuiphuric acid when combined with oxyd of 
iron, with which it has a ftrong affinity, and 
which is itfelf fixed in the fire, will neceffarily 
be capable of being dephlegmated .to a muen 
higher degree than when the acid is expofed to 
the a£rion of heat in an uncombined (late as is 
the cafe in the concentration of the Englifh 
fuiphuric acid. 

The fixity of fuiphuric acid is very confide- 
rable : when in the flate of common oil of vifriol 
it^ requires nearly a red heat for its vaporiza- 
tion, and though when diluted with water it 
will boil at a confiderable lower temperature, 
yet little, elfe than water is driven off, and the 
acid becoming more and more concentrated, 
requires a continually incseafing heat to keep 
up its ebullition till it arrives at the degree 
. neceffary for the volatilization of the acid itfelf. 

Sulphuric acid freezes, or cryllallizes,. by 
expofure to cold, and it appears to congeal witn 
more eafe when moderately concentrated than 
when it is dilated : this remarkable circumftance 
was firft pointed out by the Due cf Aven, was 
then confirmed by Morveau, and has fince been 
treated at large and in a very fatisfaflory man- 
ner by Mr. Keir. ^ This accurate obferver 
found that fuiphuric acid of tlie fp. gr. of 1 78, 
congeals at about 40** Fahr. biK that if tlie 
denfity is either increafed or diminifhjed, a 

f reater cold is required for its congelation. 
Proceeding from the above denfity in each dU 


reAion, he found that lulphotie add’ at tfid fp^ 
grs. of t.786 and 1.775, or at any intermediate 
denfity, freezes when expofed to the cold of 
melting fnow ; that if the energy of the freezing 
mixture be increafed by the addition of common 
fait, it will congeal fuiphuric acid at the fp. grs. 
of 1.841 and 1*75, or at any intermediate den^ 
(ity ; but that acid at the ^p*. grSb of 1.815 on 
the one hand, and 1.745 on the other, continue 
fluid. Sulphuric acid while freezing contrails 
confiderably in its dimenfionsi fometimes it 
forms a confufed mafs, but often ihoots into 
large regular cryllals in the form of oblique 
truncated o^iohedrons, or compreffed hexane- 
dral prifms, terminated by hexahedral pyramids* 
Sulphuric acid unites very eagerly with 
water. If fome of the former at the ufual den- 
fity of 1.845 ^ mixed with I of its weight of 
water, the temperature of the mafs inuantly 
rifes to near 300° Fahr. and a mutual penetra- 
tion takes place, the denfity of the compound 
being greater than the mean denfity of its in- 
gredients. If even four parts of fuiphuric acid 
and one of ice, both at the temperature of 32% 
be mixed together, the heat of the mafs will 
rife to 2I2*, but if the proportion of ice be in- 
creafed confiderably, the caloric neceffary to 
the liquid flate of the mixture will exceed that 
which is extricated during the combination of 
the ingredients, and Cold will be produced; thus 
if four parts of ice and one of acid at 32^ be 
mixed together, the temperature of t^ie mafs 
will be cooled down to -—*4^. But in all cafes 
where concentrated fuiphuric acid is employed 
in the compofition of freezing mixtures, there 
is at the moment of their combination, as 
Beaume has well obferved, a very fenfible pro* 
du£lion of heat, which muft materially dimi- 
niih the frigorific effedi thus according to the 
able chemill laft mentioned,^ if one part of 
fuiphuric acid at the common temperature, and 
four parts of ice, be mixed together, the firfl 
effedl is ta raife the thermometer in an inflant 
to 94» F. from which it fif^ks as fpeedily to 
32^. But if the acid has been previoufly diluted 
with water, the temperature finks on the addi- 
tion of ke to 5* F* without any previous heat 
having been excited. So powerful is the affi- 
nity of fuiphuric acid for water that it will 
abforh moillure with great rapidity from the 
air, fi> as- in a very few days to double or treble 
its weight. Even a boiling temperature, when 
die acid is moderately concentrated, will not 
counter-balance this ftrong tendency ^ hence k 
is that fuiphuric acid cannot by boiling in an 


^ IfUk riill. Traaf. v^L iv. p. It. • Hul. T«sa£ lor 1787, p. * Ckoa. Bxper. l.p. sxp. 
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0pen Teflel, be concentrated nearly fo much aa and that it is compofed.of mere or real acid 
by diftillation in a clofe apparatus. ^ and potaih. Therefore 130 grs. of fulphuric 

It does not appear pofliole to obtain the ful- acid at i.c6c contain 70. c of real acid* and 


E huric acid free from. water» except it is com- 
ined with fome alkaline or earthy bafe; but as 
it is a matter of fomc importance, both in che- 
mical experiments, and in feverai manufaflur- 
ing proceiTcs where this acid is employed, to 
aicertain the real ftren^th of mixtures, con- 
taining different proportions of acid and water, 
feverai chemifts have engaged with various 
fuccefs in this interefting enquiry. Upon the 
whole the experiments * of Mr. Kirwan, cor- 
re£ked as they have been by the obfervations of 
Morveau and Berthollet, feem entitled to moil 
confidence, and are fufficiently exa£l to anfwer 
every pradical purpofe. The method by which 
Mr. Kirwan has rciblved this important pro-^ 
blem is the following.* He took fome purified 
cream of tartar, and calcined it in a filver cru- 
cible till the tartaric acid was entirely de- 
llroyed; from the refidue by lixiviation with 
diftiiled water, he obtained a folution of pure 
fubcarbonat of pot-aih, which, after evaporation 
to drynefs and fubfequent ignition, weighed 
1523. 5 grs. This fait was then diflblved in 
water, and the whole weight of the folution 
amounted to 4570 grs. Of this latter folution 
360 grs., containing fXo^rs. of fubcarbonat of 
potam, were faturated with 130 grs. of a ful- 
phuric acid, the fpccific gravity of which at 6o® 
F. was = 1.565. During the combination of 
the fulphuric acid and the alkali, 34 grains of 


100 parts of the fame diluted acid contain 54.2 
of real acid. 

By a fimilar method the proportion of real 
acid in fulphuric acid of 'the fpccific gravity of 
2*0 or Jlandard acid was afcertained^i and by 
diluting this acid with various proportions of 
water, the quantity of . (landard or real acid in 
acid of any fpecinc gravity between 2.o and 
1.0955 was found.. when fulphuric acid 
and water are mixed together, a mutual pene- 
tration takes place, in confequence of which 
there is an increafe of fpccific gravity. This 
augmentation was found to amount to a^out 
•yV of whole denfity. The gravities as 
found by experiment being corrected accord- 
ingly, a table was con(lru£led (hewing the 
fpecific gravity of any mixture of fulphuric 
acid and water, from tne mod concentrated oil 
of vitriol, down to one fo dilute as to contain 
only 1.78 per cent, of real acid. This table 
will be given in the Appendix. 

The component parts of fulphuric acid are 
well known to be fulphur and oxygen, as may 
be demonftrated either by analyfis or fynthefis; 
thus if fulphur be digefted with nitric acid, ni* 
trous gas will be given out from tlie decompo- 
(ition of the acid, while the oxygen, the other 
element, will combine with the fulphur, and 
form with it fulphuric acid; on tlie other haml, 
if fulphat of foda be mixed with charcoal, and 


carbonic acid which had previoufly been com-^ expofed to a red heat, the fuli^huric acid is de- 


bined with the alkali were expelled, therefore 
the amount of pure potafh in the folution was 
grs. Water was now added 
to the folution till it amounted to 3694 grs. of 
which the fp. gr. at (So® F. was 1.013. 
Next, 45 grs. of fulphat of potafh were dif- 
folved in 1017 grs. of water, and the fp. gr. of 
this folution was exaflly equal to that of the 
one juft mentioned; but in this latter folution 
the proportion of fait to water was :i:23.6,. and 
the ^ecific gravities of both folutions being the 
fame, the fait in each muft alfo bear the fame 
ratio to the water. Therefore in the former 
foludon the amount of fait was = = 

156.52 grs. now of this, 86 grs. were potafli, 
hence the remainder, namely 70.5 grs., were 
acid in the ftate of concentration in which it 
cxifts in fulphat of potafh; but fulphat of pot- 


oxygenated by the fuperior affinity of tlie char- 
coal; carbonic acid and carboiious ox yd are 
produced, and the fulphat of foda is found to 
be converted into fulphuret of foda, from 
which the fulphur may readily be procured by 
folution in water, and the addition of an acidw 
But though the elements of fulphuric acid 
are afeertained, much doubt flill exifts with 
regard to their relative proportions, we fliall 
therefore enter with fome niinutenefs on this 
part of the fubjedl. Three methods have been 
followed in attempdng to refolve this impor- 
tant queftioii. The firfl 'that we fliall mention^ 
and apparently the mod dire£l, was employed 
by Lavoifier. lie placed a given weight of 
purified fulphur in a receiver, with a little wa- 
ter to abforb the acid produced, then fetting 
fire to the fulphur, he fupplied it with ox.ygca 


a& lofes fcarcely any perceptible weight by .i{|- ma of known purity, till the combuftion ceatec^ 
nition, from which it may be inferred that it uien by afeertaining the weight of fulphur 
contains little or no water of cryflalliaation, burnt, and of oxygen gas coniumed, he infies^ 

• Irilh FUi Trui; veL IV. 
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^hat fttlphuric acid was compofed of 71 
parts fulphur to 29 parts oxygen. In this efti* 
mate however the proportion of fulphur is 
xnanifeftly exaggerated^ for by the tombuftion 
of fulphur in oxygen gas» a quantity of fuU 

f huTOus acid will be produced as well as of 
iilphuricy the former of wluch contains a 
much greater proportion of fulphur than the 
latter. 

The fecond method is that by Berthollet^ as 
follows. Having afcertained that nitre and fuU 
phur in the proportion of four parts of the 
former to one of the latter when heated in a 
retort, re-a£ted on each other quietly and with- 
out explofion, he mixed together 288 grs. of 
nitre, and 72 grs. of fulphur, and heated the 
mixture in a glafs retort till the emiffion of 
nitrous gas entirely ceafed: during /the procefs, 
12 grs. of fulphur had fublimed unaltered, and 
228 grs. of fulphat of potafh were produced 
fay the combination of tne alkaline bafe of the 
decompbfed nitre with the newly produced ful- 
phuric acid. Now according to Kirwan, ful- 
phat of potafli is compofed of 45.2 fulphuric 
acid, and 54.8 potafh, therefore out of tne 228 
grs. of fulphat of potafh, 103 grs. were fulphuric 
acid, compofed of 72— *12 = 60 grs. fulphur, 
and 43 grs. oxygen; hence 100 parts ox ful- 
phuric acid confift of 

5.6.2 Sulphur 
41.8 Oxygen 



The third method, which has been followed 
fay Berthollet, Thenard, and Chenevix, and 
which appears upon the whole the beft, is to 
digeil a given weight of fulphur in nitric acid, 
till it is completely diflblved and acidified 
(which if performed with care may be effeded 
without the produdlion of any fulphurous 
acid) then to add a folution of nitrat or muriat 
of barytes as long as any precipitate takes 
place, by which the whole of the newly- 
formed fulphuric acid will combine with bary- 
tes into ait infoluble fait; then to edulcorate 
and ignite the fulpliated barytes, and from its 
weigm io dedu£^ that of the ban^tic bafe; the 
remaiader confequently will indicate the 
amount of fulphuric acid produced, from which 
fay fubtrad^ing the known weight of fulphur, 
we get by inmrence that of the oxygen. But 
tliough this mode of proceeding is apparently 
unexceptionable, yet unfortunately tim differ- 
ences in the quantity of fulphat of barytes pro* 
s Escyclop. Method. 4xt. Acide Vitriolique. ' 


duc^, and in fhe eftimates of the component 
parts of this earthy fait are fo prodigious as to 
throw great uncertainty upon the fubjeft. In 
the experiments of Berthollet,* 288 grains of 
fulphur being digefted with nitric ^cid, 199 grs. 
remained undiilblved, therefore 89 grs. were 
acidified; muriat of faarytes being added thne 
was produced 948 grs. of fulphated barytes, 
whicn by ignition was reducea to 920 grains, 
therefore xoo grs. of fulphur would have af- 
forded X033 grs. of fulphated barytes. 

On the other hand, Mr. Chenevix** acidified 
100 grs. of fulphur by digeflion in nitric acid, 
and by the fubfequent addition of nitrated ba- 
rytes obtained 694 grs. of fulphated barytes. 

Laftly, M« Thenard,* by operating iiv a fi- 
milar manner, obtained from loe grs. of ful- 
phur 720 grs. of fulphated barytes.- 

The above differences in the refults of expe- 
riments made by men of acknowledged skill in 
chemical analyfis, are of themfelves fufficient 
caufes of uncertainty, but the difficulty of de- 
ciding will be much increafed when thefe vari- 
ations are further modified by the different es- 
timates of the component parts of fulphated 
barytes. According to Klapro^, Withering, 
and Black, this fait contains about 33.33 per 
cent, of acid. According to Chenevix, it con- 
tains 23.5 of acid; and according to Thenard, 
25.18 of acid. (See Sulphat of Barytes. 

Hence by compounding the above refults, 
the 1033 fulphated barytes, obtained by 

Berthollet, indicate the compofition of fuU 
phuric acid to be according to 

Klapr. Thenard. Chenev. 

24.3 — 37.4 — 41.2 Sulphur. 

75.7 _ 62.6 — 58.8 Oxygeh 

loo. xoo. xoo. 

The 694 grs. of fulphated barytes obtained 
by Chenevix, from the acidification of 100 grs. 
of fulphur,. indicate the compofition of ful- 
phuric acid to be according to 

Klapr. Thenard. Chenev. 

43.2, — 57.4 — s* 61.5 Sulphur 

56.8 42.6 — 38.5 Oxygen 

100. TOO. 100. 

And the ,720 grs. of fulphated barytes, ob* 
tained by Tnenard, indicate the compofition of 
fulphuric acid to be according to 

^ FkU. Trsaf. < An. de Chim. xxxii. p. add. 
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^ Klapr. ' Thenard. «CIieiiev. a)l ^pable of deozygenating this acid, and* to*- 

41,8 — • 55*56 — 59.1 Sulphur ducing it to the ftate pardy of fulphur, ancB 

^8.2 44*44 40.9 Oxygen partly of fulphurous acid. Thus if fulphur 

IP. — *— — and lulphuric acid are boiled together, the acid 

loo. . lOO. 100. takes up a fmall portion of fulphur, acquires 

BSi kssbbsi wsmstm thereby a yellowifh colour, and the peculiar' 

If has' been ftated by fome chemifts that lul- fufFocatine odour of fulphurous acid.- In like 

phuric acid is capable of combining vrith an manner if fulphuric acia is diftilled off pho& 

Mditional quantity of oxygen, if diftilled flowly phorus, a large production of fulphurous acid 
with oxyd of manganefe. This experiment takes place, and phofphoric acid remains be*^ 
was however repeated without fuccefs by Vau- hind in ^e retort. Charcoal in die fame man** 
quelin and Bouvier j ^ fulphuric acid and oxy- ner deoxygenates this acid. The aCtion of hy- 
gen gas came over, acidulous fulphat of man- drogen upon it is remarkably energetic ; if 
ganefe remained in the retort, and the ful- fome pure fund moiftened with fulphuric acid,, 
phuric acid on examination did not appear to be ftrongly heated in an earthen-ware tube, and 
differ in the fmalleft circumftance from com- at the fame time expofed to a ftream of hydro- 
mon reftified acid. ^ ^ ^ gen gas, a copious production of fulphur and 

Muriatic acid gas combines readily, and in water will enlue from a total decompofition of'^ 
cpnfiderable abundance with fulphuric acid; one part of the acid, and the combination of its^ 
the compound acquires a browniih tinge, and oxygen with the hydrogen ; accompanied alfo* 
when expoied to the air emits denfe white by fulphurous acid ariCng from an imperfeCb 
fomes of muriatic acid gas, probably mixed decompolition of the other portion of acid, 
with a little fulphuric acid, as their odour is All ^ the common metals except gold and 
more pungent and fuffocating than that of fim- platina alfo decompofe fulphuric acid at a boiU 
pie muriatic acid. mg heat; tlie metal is oxydated and the acid is- 

The nitric and fulphuric acids unite together converted into the fulphurous. But when an 
readily, either by direA mixture or by adding acid fufficiently diluted is made ufe of,, thofe 
a little nitre to fulphuric acid. This compound metals that have a powerful affinity for oxygeiv 
when moderately concentrated has the property decompofe the water in preference to the acid,, 
of diiTolving filver without materially a£ring on whence lydrogen gas is given out, while thofe 
copper; hence it is in confiderable ufe for re- whofe affinity for oxygen is weaker, as (ilver 
covering the filver from clippings and other and mercury, exert no a Aion either on the acid> 
refufe of the manufa£lories of filver plate. or water. 

Sulphuric acid abforbs by agitation a confi- Concentrated fulphuric acid, even when cold,, 
derable quantity of red nitrous vapour,^ and in a£ls in a very ftriking manner on moft kinds of 
confeqiience acquires a light blue colour. The vegetable and animal matter; if a piece of pa- 
mixture when expofed to the air gives out a per or ftraw, for example, be immerfed in niU 
white vapour. If water is' added the great heat phuric acid, the texture of the ftraw is fpcedily 
that is thereby generated caufes a very rapid oroken down, it acquires a deep black colour,, 
and copious emiffion of the nitrous vapour, and and is diffiifed through the acid in a ftate of 
fulphuric acid and water alone remain behind, half folution. This phenomenon however does 
Sulphuric acid thus impregnated with nitrous not take place, as is generally fuppofed, on ac- 
vapour after a time becomes nearly colourlefs, count of the rca£^ion of the fulphuric acid on 
and then concretes into folid crystals; in this the carbon and hydrogen, producing fulphur** 
ftate when dropped into water it acquires a ous acid, but from the ftrong affinity of the- 
green colour, and both the cryftals and water acid .for water, in confequence of which, the- 
fparkle with the fpontancous and copious pro- oxygen and hydrogen of the vegetable matter,. 
du£lion of nitrous gas. When the cryftals are coxnbine together in\o water, while the carbon 
fimply expofed to heat they melt, emit a denfe is preerpitated.^ But of this we lliall treat more* 
red fume, and after the nitrous vapour is thus . fully in the article Vegetable Matter. 
driven off, the refidue is common fulphuric ^ Sulphuric acid combines with all the metal-* 
acid. oxyds,. with the alkalies, and aU the earths. 

None of the fimple combuftibles appear to except filex,, forming an important genus of' 
have any aAion on ftilphuric acid at die com- falts, called in the reformed nomenclature, SauC** 
mon temperature, but at a high beat they are pbats^ which foe. 

, Cbeai. vii. p. S87, * PridUej's Si^cr. Method.' iii. p. 144, 
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> The following is the order of the affinities of 
fiilphuric acid. Barytes, ftrontian, potafh, foda, 
Kme, magnefia, ammonia, glycine, yttria, 
alumine, zircon, metallic oxyds. 

The ufes of fulphuric acid are numerous and 
very important. It is employed in the labora- 
^ tory in the preparation of the nitric, muriatic, 
^fluoric, phorphoric, and many other acids; it 
is a ufeful agent in various procefles of chemi- 
cal analyfis. It is largely ufed in the arts, par- 
ticularly by thib dyer and callico-printer, and is 
of no fmall importance as an article of the 
materia medica. 

SULPHURIC ACID, /umiffg, or GUciaL 

In the preceding article we have briefly no- 
ticed fome of the charadlerillic properties of 
the glacial fulphuric acid, or that obtained from 
the diftillation of calcined fulphat of iron : we 
now proceed to relate them more at large, as 
having been the occafion of much controverfy 
among the continental chemifts, particularly 
thofe of Germany* This acid ufed to be, and 
perhaps is ftill, prepared at Nordhaufen in 
MKony; it is of a dark brown colour, and ex- 
hales, when expofed to the air, abundance of 
denfe white fufFocating vapours; its ufual 
fpecific gravity is =: 1.95. When diftilled in 
a glafs retort, by the time that a fmall portion 
has come over, the remaining acid is nearly 
colourlefs, and of a fomewhat lefs fpecific gra- 
vity than the' entire acid; it no longer exhales 
any vapours, and except in fuperior denlity, it 
does not appear to differ from the common 
fulphuric acid. The fluid and vapour contained 
in the receiver as they cool down gradually to 
the temperature of tne atmofphere, begin to 
congeal; the vapour forms radiated cryftals 
on the top and fides of the receiver, while the 
bottom is occupied with a confufedly cryflalline 
mafs, differing in denfity according to the fpe- 
cific gravity of the acid before diftillation. 
Hence it is obvious, that the fuming acid of 
Nordliaufcn, differs from common acid in be- 
ing mixed or combined with a cryftallizable 
fiibftance nsore volatile than fulphuric acid. 
This fubftaiice was fuppofed from its fuffocat- 
ing odour to be fulphurous acid, accordingly, 
experiments were made by M. Dollfufs and 
others, to reftore the clear re£bified acid to its 
former ftate, by digefting it with charcoal, faw- 
duft, oil, alcohol, and other deoxy dating fub- 
flances; but though the acid by this means ac- 
quired a brownilh black colour and a fulphur- 
ous odour, it was hardly at all fuming when 
.^xpofed to the air; and on diftillation it af- 


forded a weakly acid fulphurous liquor, which 
neither congealed nor emitted white vapours. 
From the refults of thefe experiments M. Doll- 
fufs concluded that the fuming and glacial qua- 
lity of the Saxon fulphuric acid was owing to 
the prefence of a peculiar volatile fait. 

In order more compleatly to elucidate the 
matter, a feries of experiments was undertaken 
by M. Monreau. He took 4 lbs. of green vi- 
triol, and br careful calcination reduced its 
weight to 28 ounces; thefe were put into an 
earthen-ware retort and diftilled at the full heat 
of a reverberatory furnace. When the retort 
began to grow red, a weak acid came over in 
drops during about half an hour ; the receiver 
was then cnanged, and as the heat increafed, 
white vapours began to make their appearance. 
To the receiver was attached a pneumatic ap- 
paratus, in order to colleA the gas produced, 
which being examined from time to time it ap- 
peared, that during the firft three hours, little 
elfe came over than atmofpheric air, which was 
then fucceeded for the next hour and a half by 
fulphurous acid gas eitlier pure or at leaft 
mixed with no oxygen; by degrees however it 
became diluted with oxygen gas, and during the 
next four hours and a half (after which the 
procefs was put an end to) a large quantity of 
oxygen gas was produced, mixed however dur- 
ing the- whole time with fulphurous acid. 
The fluid in the receiver was of a brown co- 
lour, and being expofed during the night to a 
temperature of 47* Fah. was found in the 
morning to be congealed into' a folid mafs of 
cryftals, with the exception of a few drops of a 
brown liquid. 

As foon as the receiver was feparated from 
the retort, it was iiiftantly filled with white va- 
pours which poured out fo rapidly as in a ihort 
time to fill the whole laboratory; thefe fumes, 
though fomewhat fulphurous, were by no 
means fufFocating. A few drops of water ocing 
fprinkled on feme of the concrete acid, caufed 
aiiiflang noife like that of a bar of iron plunged 
in cold water, and the acid immediately melted 
and entirely loft its fuming property. If the 
ftopper of the veffel in which the glacial acid is 
kept be often taken out, the cryftals at length 
refolve themfelves into a brown liquor, and if 
this is again fubjeAed to diftillation there 
comes over an acid, at firft highly fulphurous, 
but becoming lefs fo as the procefs goes on; 
no portion however of the diftilled produd is 
in the leaft degree fuming or congeaiable at the 
common atmofpheric temperature. 

From thefe fa£ts it appears probable that the 
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eflential difference between the common and 
glacial acid, is that the latter from the mode in 
which it is prepared contains a fmaller portion 
of water than the former, and that to this is 
owing both fts volatility and property of conge- 
lation; it is incidentally mixed with (ulphureous 
acid, but the prefence or abfence of this, does 
not appear to be of any material importance. 

SULPHATS. 

Under this article we fliall defcrlbe the falts 
produced by the union of fulphuric acid with 
the alkalies and earths. The metallic fulphats 
are deferibed under the feveral metals. 

All the fulphats form cryllallizable falts 
with thefe bafes, except with alumine, which 
requires the prefence of potafh or ammonia to 
be able to cryilallize. The fulphats are fcarcely 
decompofable by heat alone, but when fufed in 
contadi with charcoal or any carbonaceous 
matter, they are converted more or lefs com- 
pleatly into fulphuretSy as has been deferibed 
under that article. They are all infoluble in 
pure alcohol. The folutions of thefe falts are de- 
compofed by the other falts of barytes entirely, 
and by the falts of lime nearly fo, the acid form- 
ing a precipitate with thefe earths. A fimilar 
decompolition takes place when any fulphat is 
added to the foluble falts of lead, filver, and 
other metals whofe fulphats are little foluble. 
None of the fulphats are entirely decompofed 
at a moderate temperature by any other acid, 
the fulphuric ftanding the highelt in the order 
of affinity, with a very few exceptions. But 
fome of the acids partially decompofe the ful- 
phats, and by taking part of their bafe they re- 
duce the remainder to the ftate of acid ful- 
phats. The nitric and muriatic acids arc of 
this kind, and the tartareous, with regard to the 
fulphat of potafti. But the acids that are fixed 
in the lire, fuch as the boracic, phofphoric, 
and arfcnic, decompofe the fulphats totally in a 
red heat long contained. 

SuLPHAT OF Potash, or Vitriolated Tartar, 

This fait may be formed by the dire£t com- 
bination of fulphuric acid and potafh, or car- 
bonat of potafh, but being of little value it is 
never prepared in this way, as it is produced 
in the diffillation of nitric acid, being the refi- 
due of the decompofition of nitre by fulphuric 
acid. This refidue, which is a hard, white, 
acid, faline mafs, contains fulphat of potafli, 
generally with a little nitrous acid or with an 
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excefs of fulphuric acid. It Ihould be diflblved 
to faturation in boiling lyater, nearly faturated 
with carbonat of potafh, in cafe the acid is in 
confiderablc excefs, and on cooling gradually 
the fulphat of potaA feparates in fmall cryflals. 
The whole cryflalline mafs taken out after the 
liquor is perfe£bly cold, and has flood at reft 
for a day, is nothing but fulphat of potafh, 
which by re-folution in warm water, and cool- 
ing more gradually, may be obtained in larger 
cryftals. The form of this fait is generally that 
of a lix-fided prifm terminated by as many py- 
ramids, like that of a quartz cryflal. 

Sulphat of potafh is the lead foluble of all 
the fulphats, requiring about fifteen times its 
weight of cold water, but only five parts of 
boiling water, fo that much of it readily fepa- 
rates from the hot folution when faturatpd. 
The fait is very hard and readily reducible to 
powder, and its tafle is faline and bitter. It is 
perfe£lly permanent in the air, neither deliqucf- 
cing nor efiervefeing. 

On account of uie fparing folubility of this 
fait it is often feparated in the form of a precipi- 
tate from watery folutions as foon as it is formed. 
Thus if moderately concentrated fulphuric acid 
be added to a ftrong folution of potaffi or 
carbonat of potafli, the mixture becomes almoff; 
immediately thickened with a large quantity of 
hard white powder which is the fulphat of pot- 
afh formed and precipitated at the moment of 
mixture. 

This fait is one of the mofl eafily diffin- 
guifhable of the faline fubftances, by its hard- 
nefs, little folubility, and bitter tafle, and ge- 
neral pyramidal form of its cryflals. 

When a cryflal of fulphat of potafh is fud- 
denly heated it decrepitates, and iplits afiinder 
with fome violence. It then parts with its 
water of cryflal lization which is not more than 
1.4 in 100, according to Dr. Thomfon. At a 
red heat it melts, but docs not undergo further 
alteration. 

According to Mr. Kirwan, 100 parts of the 
dry decrepitated fait, confiil of 54.8 of potafli, 
and of acid, which agrees very nearly 

witli the experiments of Dr. Black; and 100 
grs. of the fait diflblved in water, and precipi- 
tated by muriated barytes give 135. 25 grs. of 
ignited fulphat of barytes. But on the other 
hand. Dr. Thomfon/ found that 100 parts of 
the cryftallized fait loft 1.4 by fufion, which is 
therefore the water of cryftallization, and that 
the refidue diflblved in water and precipitated 
by muriated barytes gave only 228 parts of 
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,fulphat of barytes, inftead of 135.25. The 
quantity of fulphuric acid indicated by a given 
. quantity of fulphat •/ barytes is difFerently clti- 
ipated as will be ivicntioned under that head, 
but the difForence between 128 and 135-25 grs. 
in an experiment performed by two able clie- 
mifls, as appears, prccifcly in the fame way, 
is not very accountable, particularly with to 
fixed a fubftance as fulphat of barytes, which 
may be deficcated thoroughly with fo little riik 
of lo.fs. 

Sulphat of Potajh. 

If common fulpliat of potafh is put into a 
glafs, or better, a platina vefTel, and fulphuric 
acid poured upon it, and heat applied, the mafs 
fil'd melts into an uniform dcnle limpid fluid, 
which when it has arrived at the heat at which 
fulphuric acid boils, fends forth an abundance 
of* white vapour, whicli is tlic cxcefs of acid 
that evaporates. This continues till the quantity 
of acid left in the vcllcl is fomew'hat more than 
a third of the weight of the fulphat; but when 
it approaches this point, the vapour gradually 
diminifhes and nearly ceafes, provided the heat 
does not exceed that of low rednefs, the faline 
mafs in the velTel remaining all the time per- 
fcAly fluid and limpid. It then has the ap* 
pearance of a very denfe tranfparent oil, and if 
removed from the fire, it fpeedily folidifies uni- 
formly and compleatly, and becomes a hard, 
tough opake-white or greenifli-white mafs of a 
ftriated texture, which is the fuper fulphat 
of potefb. If the veflel is returned to the fire, 
tne fait again melts quietly, and becomes tranf- 
parent. If the heat is raifed to full rediiefs, 
the evaporation of the acid again begins, and 
by continuing the heat long enough, and with 
fufficient intenfity, all the excefs of acid may 
be driven ofF, and the neutral fulphat alone will 
remain; but the diificulty of evaporation in- 
creafes as the excefs of acid IciTens, fo that it 
would require many hours of pretty ftrong 
heat to drive ofF all the excefs. The fufibility 
of the mafs alfo^dccreafes as the acid evapo- 
rates. 

The fuper' fulphat thus obtained (the heat 
not having exceeded a low rednei's) has a 
ftrongly acid tafle mixed wdth fomewhat of bit- 
ternefs. It is much more foluble in water than 
the fulphat, requiring for folution no more 
than twice its weight of water when cold, and 
lefs than its own weight when boiling. It is 
very (lightly deliquefeent. If moiftened with 
a very little water and melted, on cooling it 
forms a fofter mafs than before, compofed of 
long firi«, fomewhat flexible, and often of a 


filky lufirc. Tlie faturated (blution of this fait 
in boiling water cryftatlizes on cooling. 

Super-fulphat of potaih is decompofed by 
thofe fubftances that decompofe the fulphat,, 
and it is alfo reduced to the (bite of common 
fulphat. by any alkali or earth, which unites 
with the excefs of ajcid. The proportions of 
its gonftituent parts are only uniform when it 
is cryilallized, and it is then compofed of about. 
two parts of fulphat of potafh, and one of ful- 
phuric acid. 

The neutral fulphat is highly ufcful in the 
manufacEIure of Alum^ and a little in medicine. 
The fuper-fulphat is not employed, as it is not 
produced in any manufa£lurc, and neither of 
thefe falts arc of fufficient value to be worth 
preparing by the dircdl combination of their 
ingredients. 

Sulphat of Soda, or Glauber^s Salt. 

This fait was firft difeovered by Glauber, in* 
1658, in the refidue of the diftillation of com- 
mon fait and fulphuric acid for procuring mu- 
riatic acid. This fait and Epfom fait, or fulphat 
of magnefia, were often confounded together 
for fome time after the firft difeovery of each, 
till the real nature of the latter was afeertained 
by Dr. Black. 

Sulphat of foda is found native in a variety 
of places and both folid and diflblvcd in natural 
waters, but on the w'hole the quantity is but 
fmall. The native Glauber^ s fait is found in 
Hungary, in the neighbourhood of fait lakes, 
and is deferibed under this article. This fait 
is alfo contained in greater or lefs quantity in 
almoft every natural water that has any faline 
tafte or quality, fuch as the Seltzer, Chelten- 
ham, &c. and particularly in many of the hot 
faline fprings, combined with carbonat of foda, 
of which the celebrated thermal waters of 
Carlfbad are ftriking inftances, and are efti- 
mated by fair calculation to pour out annually 
upwards of a million of pounds of this fait 
along with other ingredients. Many brine 
iprings alfo contain this fait, which remains in 
the mother water after the extraction of the 
common fait, and may then be obtained by 
evaporation and cryftallization on cooling. 

Glauber’s fait is alfo procured in many pro- 
cclles of chemical manufacture, either as a re- 
fidue, or an intermediate produCt in the prepa- 
ration of foda. A good deal of it is obtained 
in manufaAure as a refidue in the diftillation 
of muriatic acid from fulphuric acid and com- 
mon fait, or of oxymuriatic acid from fulphuric 
acid, common fait, and manganefe^ or m the 
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Manufacture of fal ammoniac from fulphat of 
ammonia and common fait, which iafl in this 
country furniihes the greater part of the Glau- 
ber’s fait in ufe. 

This fait is alfo obtained by the decompofi- 
tion of tnuriaf of foda by pyritesj and by gypfum, 
(as deferibed under that article) and is the in- 
termediate (lep in the manufacture of foda from 
common fait. 

Sulphat of foda in its common (late forms 
long trail fj^arent cryilals^ which are ufually flx- 
(ided prifms with dihedral fummits. Some- 
times they are obtained of an enormous fize, 
nearly a toot in length, and an inch in breadth^ 
but commonly their length is from one to 
about three inches. The tafte of fulphat of 
foda is fait, bitter, and unpleafant. The cryf- 
tals are foluble in lefs than three times their 
weight of cold water, but at a boiling heat no 
water is required, as they readily liquefy in 
their water of crydallization. Hence this fait 
is one of thofe that cryiVallizes with the great- 
eft eafe from a hot concentrated folution. 
Confiderable cold is produced during the folu- 
tion of the cryftals in water. When the cryf- 
tals are heated they liquefy in their water of 
cryftallization, and if the heat is continued till 
the water is entirely evaporated, a hard white 
faline mafs remains, which is the fait unaltered 
except by the lofs of water, fo that on re-folu- 
tion it is obtained in cryitals as before. If the 
dry faline mafs be boiled with water till the 
latter is fully faturated, and the folution poured 
into a thin phial whilft yet fcalding hot, and 
immediately corked perfeClly tight, the liquor 
does not folidify on cooling if kept quite at 
reft, but remains fluid and tranfparent. But on 
opening the cork, and, if neceflary, giving the 
bottle a gentle ihake, an inftant folidification 
begins at the furface, rendering it op'ake, and 
proceeds rapidly downwards to the bottom till 
the whole is compleatly congealed, and may 
be inverted without fpilling a particle. A fen- 
Cble warmth is felt on the outGdc of the bottle 
at the time of congelation. The caufe of this 
is the extrication of the caloric of liquefa£tion, 
as explained under the article Caloric ^ p. 207. 

When this fait in its cryftallized ftate is ex- 
pofed to a dry air it foon becomes covered 
with a mealy- looking powder, and after a time 
the whole falls into the fame white powder, 
which confifts of the falf merely deprived of moft 
of its water of c^yflallization by the afiion of the 
air, and reduced to about half its former weight. 

* EiTayt, vol. i. p. 


Hence the fait fhould be kept in wcU-clofed 
bottles to preferve its cryftallinc form. 

The compofition of this fait may be inferred 
from the following fadis. According to Klap- 
roth,** 1000 grs. of the fait recently ci yftallized 
and dried on blotting paper were reduced by 
thorough drying on a iand-bath to 420 grains, 
whence the quantity of water of cryftallization 
is 58 per cent. Alfo 100 grs. of the dricil fait 
diflolved in water, and decompofed by acetited 
barytes gave 168 grs. of dry fulphat of barytes, 
whence 42 grains of dry Glauber’s fait (the 
quantity contained in 100 of the cryftallized 
fait) would give 70.56 grains of fulphat of 
barytes. 

Laftly, from the refpediive quantities of ful- 
phuric acid and foda required for mutual fatu- 
ration, and from the quantity of dry fulphat of 
foda thereby produced, Mr. Kirwan eftimates 
the proportions of ingredients in 100 parts of 
the cryftallized fait to be 58 of water, 23.52 
fulphuric acid, and 18.48 foda. / 

Some of the dccompoGtiona of fulphat of 
foda by other falts arc interefting. Of thefe 
the moft curious is that of the formation of 
this fait in a mixture of fulphat of magnefla 
and muriat of focla, when expofed to a freezing 
temperature, which was firft remarked by 
Gren.® Thefe falts do not decompol'e each 
other in a temperature above freezing, but do 
it readily and almoft compleatly below this 
point. What is remarkable, this decompoGtion 
when once efPefled is permanent at any tempe- 
rature, for on raiGng the heat, Kpfom fait and 
common fait are not regenerated as might have 
been expe£fed. 

Sulphat of foda is decompofed by muriat of 
lime, and as the fulphat of lime thence refus- 
ing is nearly infoluble, moft of it precipitates, 
and the folution contains little elfc than the 
regenerated muriat of foda, provided the quan- 
tities of each fait have been duly proportioned 
to each other. When muriated magncGa and 
fulphat of foda are in folution together, the ad- 
dition of lime caufes the following fucceflive 
deepmpoGtions, viz. the lime Grft decompofes 
the muriated magneGa, ’ muriat of lime is 
formed and pure magneGa is precipitated ; and 
the Muriat of lime thus formed then decom- 
pofes the fulphat of foda,' and muriat of foda 
remains in folution, whilft fulphat of lime pre- 
cipirates and mixes with the magneGa, which 
has before fubGded. It is upon thefe two cir- 
cumftances, namely, the decompoGtion of ma- 

« An. Chim. tom. S4. 
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Tiated magnefia by lime, and of Glauber’s fait fulphuric acid and fet afide to cryAalliM, it 
by muriated lime, that Gren has propofed an depofits large rhomboidal cryftals,^ which con-' 
ingenious method of feparating the deliquefcent tain an excels of acid, and zve therefore a Juper 
cartliy muriats from brine, and increaling the fulphat of foda* 

proportion of common fait, by the addition of If dry fulphat'^of foda is heated in a glafs or 
lime, or Glauber’s fait, or both, according to platina veflel with concentrated fulphuric acid, 
the following cafes : they melt together aS the mixture of fuiphat of 

1. If the brine contains, befides common potalh and fulphuric acid do, but the acid in 

fait, only muriated lime, the addition of Glau- this cafe is readily driven olF by a moderate 
ber’s fait is fufficient, which by decompoling continuance of heat, and the remaining fait re- 
the calcareous muriat produces felenite and diflblved in water, yields cryllals of common 
common fait, as already mentioned* Glauber’s fait. 

2. If the lime contains, belides common fait. But a mixture of equal parts of fulphat of 

Glauber’s fait and muriated magnefia, the ad- potalh and foda retain an excefs of fulphuric 

dition of lime alone will fuffice, which, as we acid almoft as obflinately as fulphat of potafli 

have before deferibed, firft decompofes the alone does. In all thefe cafes the excefs of 
muriated magneria, and the refulting muriat of acid may be got rid of mod accurately, with- 
Hme then decompofes the Glauber’s fait. out afFe6ling the neutral fait, by diflblving 

3. If the brine contains, befides common the whole in water, fuperfaturating it with car- 

falt, only muriated magnefia, both lime and bonat of ammonia, evaporating the mixture 
Glauber’s fait muft be added, for obvious carefully to drynefs, and then applying a mo- 
reafons. derate red heat. A denfe white fmoke arifes 

4. If the brine contains, belides common before the mixture is red-hot, which is fulphat 

fait, fulphat and ^uriat of magnefia, lime and of ammonia, and by continuing the heat as 
Glauber’s fait mdd alfo be added. long as a particle of vifible fmoke rifes, all the 

5. If the brine contains, befides common excefs of acid is volatilized along with the am- 

falt, fulphat and muriat of magnefia, and fuU monia, and the neutral fulphat of potalh or 
phat of foda, lime alone will be fufficient if foda, remains perfeftly pure, white and dry. 
the Glauber’s fait be in fufficient' quantity, if It is probable however that a fmall portion of 
not, an additional quantity of the latter fait the neutral fait would be found to have been 

mull alfo be added. volatilized along with the fulphat of ammonia. 

We know not whether any of thefe methods but this lofs can only be very fmall, and the 
have been adopted in the manufa£lure of fait a£lual quantity might be eafily afeertained by a 
in the large way, neither would they he re- few comparative experiments, 
quired in the Englifh rock fait and brine works 

on account of the very fmall proportion of im- Sui-phat of Ammonia. Glauber ^ s Secret 

purities, and which do not appear to throw SaUAmmoniac. 

much obllacle to the goodnefs of the fait, but This fait has not been found native. It may 
in the falterns from fea-water, where the falts be prepared by faturating moderately dilute 
of lime and magnefia are abundant, the ingeni- fulphuric acid with ammonia, and evaporating 
ous ideas of Gren might be adopted to advan- confiderably. It then cryftallizes on cooling, 
tage. The greateft objediion would be in the in hexahedral prifms terminated by hexahedral 
coft of Glauber’s fait, but it might be probably pyramids, or often in filky needled cryftals. 
colledied in winter, from fulphat of magnefia This fait is produced in the manufadlure of fal- 
and common fait, at a moderate expenfe, and ammoniac, but only as an intermediate produ£f, 
from the remaining muriat of magnefia, the and is immediately decompofed by common 
earth might then be precipitated by a carbonated fait, producing Glauber’s fait and . muriated 
alkali. ammonia. 

Sulphat of foda is largely ufed In medicine, Sulphat of ammonia is very foluble in water, 
being a very ufeful, powerful, and cheap pur- requiring only twice its weight of cold, and 
gative. It is no othefwife ufed in manufaAure much left of boiling water. This fait is very 
than, as a material from which the foda may be (lightly deliquefcent in the air. It generates 
extra£\ed by any of the methods already de- much cold during folution. 
fciibed under the article muriat of foda. When a quantity of this fait is heated pet Ji 

When fulphat of foda is diflblved in dilute in a retort, and sill the products received in 

< Thomfon* 
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fucce(non>^ it firft liquefies and mere water 
comes overt after which a confidcrable quan- 
tity of ammoniacal gas is given out, and if the 
fait in the retort be then examined, it is found 
to be fulphat of ammonia with excefs of acid, 
and may be diflTolved in water and cryflallized 
with this cxcefs, forming a fuper-fulphat. But 
if the heat is continued, after the ammonia has 
paifed over there rifes a denfe white cloud 
which fills the veflfels and concretes into mi- 
nute glittering cryftals of volatilized fuper-ful- 
phat. After this rifes a great quantity of ful- 
phurous acid and water, the greater part of 
which condenfes in the receiver, and with 
them a quantity of azotic g/i.r, all of which con- 
tinue till nothing remains in the retort. During 
the difiillalion the coptents of the retort are 
always liquid, and when the procefs is over, 
the receiver contains fulphurous acid, water, 
and ammonia, and in the neck of the retort is 
a quantity of fublimed fuper-fulphat of am- 
monia. 

In the above procefs feveral decompofitions 
take place. At firft a part of the ammonia 
feparates from the fait leaving the latter with 
excefs of acidj after which, as the heat is in- 
creafed, part of the fuper-fulphat in the retort 
is totally decompofed, the ammonia is refolved 
into its elements, azot and hydrogen, the 
former of which pafles ofF in a gafeous form, 
and the hydrogen unites with part of the 
oxygen of the fulphuric acid to form water, 
and the acid with a diminifiied quantity of 
oxygen becomes fulphurous acid. 'Fhe entire 
products therefore are ammonia, water, ful- 
phurous acid, together with fome fuper-ful- 
phat that has efcaped com pleat decompofition. 

All the other ammoniacal falts fufFer this de- 
compofition of the alkali, totally or in part, 
when expofed to a high heat. 

Sulphat of ammonia is decompofed by the 
fixed alkalies and by the alkaline earths. Its 
compofition according to Kirwan, is 14.24 per 
cent, of ammonia, 54.66 of acid, and 31.1 of 
water. 

SuLpiiAT OF Barytes. 

The native fulphat has been already de- 
feribed under the article Heavy Spar^ and it 
appears to agree very exaft ly in chemical com- 
pofition with the artificial fulphat, for if any 
given weight of heavy fpar be decompofed by a 
carbonated alkali, and the carbonated barytes 
thence arifing be difiblved in muriatic acid, and 
again precipitated by fulphuric acid in the form 
, * Hatchctt^.FliiL Tranf.for X796.' p. 3x5. 


of a fulphat, the weight of the latter vety ex^ 
adily correfponds with that of the native ful- 
hat if pure, and if an equal degree of heat 
as been employed in the deficcation. 

Sulphat of barytes is formed whenever any 
barytic fait comes in contact with fulphuric 
acid in any combination, and being perfeftly 
infoluble in water, and in all acids, except the* 
mod concentrated, it precipitates totally and 
fpeedily in all common cafes, and may be col- 
ledled, edulcorated, and dried with great eafe^ 
and without riik of lofs. It is then quite free 
from fmell and tafle. 

Sulphat of barytes is the heavieft of all the 
earthy falts. It undergoes no change by being 
heated red-hot, without addition, except the 
lofs of the water which it may contain. In a 
very (Irong fire and before the blow-pipe it 
melts into an opake milky globule. 

This fait is pcrfeflly unchanged by any ex- 
pofure to air. None of the acids when at all 
dilute have any elFeft upon it, but if it is- 
heated with concentrated fulphuric acid to the 
boiling point of the acid, it diflulves therein 
compleatly, forming a clear colourlefs denfe 
fluid. ^ On dilution with water the fulphat of 
barytes again feparates totally and unchanged. 
The fulphuric folutioii cxpoled to the air for 
fome days dcpofits the fulphvit of barytes in 
beautiful radiated cryllals, and this is the only 
method in which it can be brought to cryitailize 
by art. 'Fhis is doubtlefs cflecicd by the ab- 
forption of water from the atmofphcre, which 
dilution being gradual allows the fulphat to be 
feparated in a regular form. 

No fingle agent, neither acid, nor alkali, nor 
earth, can feparatc the fulphuric acid from ba- 
rytes except perhaps the fixed acids fucli as the 
arfcnic and fluoric, in a very ftrong heat, but 
this fulphat is readily decompofed by double 
ailinity by the carbonated fixed alkalies 5 and 
alfo by fufion with charcoal. In the former 
cafe the decompofition may be efFcclcd either 
by repeatedly boiling the fulphat in fine pow- 
der, with a folution of carboiiat of potafh and 
foda, or by mixing the fulphat with two or 
three times its weight of the dry carbonated 
alkali, and giving the mixture a moderate red 
heat f which need not be urged to fufion) for 
half an hour, and then lixiviating the laline 
mafs. 

In both inflanccs a falinc folution is formed, 
which confifls of fulphat of potafli or foda 
with fome undecompofed alkaline carbonat, 
and an infoluble powder is obtained, whiclv 

' Withering, Phil. Tranf. for X784. 
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confifts of carbonated barytes with any fulphat 
of barytes that may have cfc:4>ed decompoh- 
tion, and which may be readily feparated by 
the nitric, muriatic, or acetic acids, which di^- 
folve /he carbonat and leave the iulphat. 

In the other method, fulpiir.c of barytes is 
decompoled by fufion with about a fixth of 
charcoal, and I'ulplturet of barytes is formed, 
from whidh the e irth is then readily feparated 
by nitric or any other acid. 

8ulphat of barytes is alfo dccompofed by fu- 
lion with muriat of lime. 

All thefe methods are more fully deferibed 
under the article D rytes, (p. 

Though barytes or any of its foluble falts 
.arc highly poifunous, its fu!phat has no obvious 
on the body when taken into the ilomach^ 

The compofition of fulphat of barytes has 
been very varioiifly efiimat4?d. Kirwan, Klap« 
•roth. Black, and feme other eminent chemiils, 
reckon it to be compofed of about two parts of 
betrytes and one of fulphuric acid, or 33.3 per 
cent, of acid a fid 6 '^. 6 of earth, when heated 
long enough to expell aJI the adhering moillure. 
On the other hand Mr. Chenevix efltmntcs only 

23.5 per cent, of ;;cid and 76.5 of barytes. As 
tlie autliorities on each fide are of the higheft 
refpetlability, and as the cflabliHiment of this 
point is of more importance than perhaps of any 
other compound, on account of the frequency 
with which it is reforted to in chemical opera- 
tions, it will be right to give the particulars of 
each motie of eltimation, vrhich are in many re- 
fpcdls ellentially different. 

Dr. Withering in his analyfis of the native 
carbonat of barytes diflblved 100 grains of this 
lubflance in muriatic acid, then decompofed it 
by dropping in fulphuric acid till no more pre- 
cipitate enfued, and the latter, after edulcora- 
tion and ignition for lialf an hour in a red heat^ 
weighed 117 grains. In another experiment, 
50 grs. of the carbonat gave grs. of the 

iulphat, which clofely correfponds with the 
former. Now he had before found that 100 
grains of the carbonat, previoully dried in a 
red heat, and then diffolved in muriatic acid, 
loft 21 grs. by effervcfcence, which was there- 
fore carbonic acid, and containeil 78.6 grs. of 
pure barytes. Hence as ico grs. of the car- 
bonat give 117 of the ignited fulphat it may be 
concluded that thefe 117 parts are compofed of 

78.6 of barytes and 38.4 of acid, or, that 100 
parts of the fulphat of barytes conftft of about 
67.2 of barytes, aiul 32.8 of ackl. 


The experiments of Klaprot 1 i,i^ very clofely 
agree with thofe above mentioned. This ac- 
curate chemift found by analyfis, that 100 
grains of witheritc, or native carbonat of bary- 
tes, contained 78 of barytes, and that the fame 
quantity of it difiblved in muriatic acid, and 
precipitated by thfe fulphuric gave 1 20.5 grs. of 
fulphat of barytes dried in air, which may be 
reckoned as equal to 11;. 2 grs. of the fame 
when Jfd/y ignited*, for he fays in another place,* 
that 185 grs. of fulphat dried in air were re- 
duced to i8o by ignition. This eftimation 
therefore would give 66.55 of barytes, and 
33.55 of fulphuric acid in 100 of the dry 
fulphat. 

Nearly the fame quantity of acid alfo is 
found iiidire£tly by decompofing an alkaline 
fulphat by a b'arytic folution. Dr. Black found 
ill his analyfis of the Geyfer waters, that 100 
grs. of fully dried Cilauber's fait formed 170 
grs. of dry fulphat of barytes ; and Klaproth* 
alfo found the fame quantity of Glauber’s fait 
to produce 168 grains of fulphat of barytes. 
Now by Mr. Kirwan’s experiments,* 100 grs. 
of dry Glauber’s fait contain 56.08 of real liil- 
phuric acid, whence the proportion in 100 of 
fulphat of barytes would be 32.98 in Dr. 
Black’s experiment, and 33.38 in Klaproth's. 
The Glauber’s fait alfo that Klaproth employed 
contained in 132.5 grains all the dry fulphuric 
acid of 95 grs. of liquid acid of z.85 ip. gr. 
which by Mr. Kirwan’s eftimation is 77.18 
grs. of real acid, and therefore amounts to 
56.9 grs. in 100 of fulphat of foda, a number 
futliciently near to 56.08 to confirm the gene- 
ral accuracy of the experiment. 

From all thefe experiments therefore we arc 
led to conclude that dry fulphat of barytes 
contains very nearly two-thirds of barytes, and 
one-third of acid, or 66.6 per cent, of the former, 
and 33.3 of the latter. 

On the other hand the experiments of Mr. 
Chenevix* on this fubjcdl include two objedls, 
one to afeertain the quantity of fulphur in ful- 
phuric acid, and the other to determine the 
compofition of the fulphats of barytes and lime. 
They were as follows: 100 parts of fulphur 
were put into a retort with nitric acid, and % 
receiver with a Woulfe’s apparatus was luted 
on. U'lie acid was repeatedly diftilled off the 
fulphur till the whole was difiblved, and con- 
verted into fulphuric acid, and the nitrous gas 
generated in the procefs was paffed through 
water to abforb any fulphurous acid if gene- 


M Aaail/t. EiTays, vqI. a. p. sjs— 237. * Ibid. p. 376. ^ Ibid, p 282. * Addit. Obferv. on Mineral Acids. 

* Irifii Acad. Tranf. for zSoz, or Thil. Mag. vol. 5. 



sut 


SUL 


( 383 ) 


^ated> but none of this 'was found. All the 
Kquors in the apparatus were united, and nitrat 
of barytes was added as long as any precipitate 
appeared, which was tlierefore fulphat of bary- 
tes, and amounted when dry to 694. grs. Two 
other experiments gave nearly the fame refults, 
whence the author concludes the quantity of 
fulphur in 100 parts of fulphat of barytes to 

be 14.5 gi*®- 

In the next place fome pure lime was pre- 
pared by faturating muriatic acid with white 
marble, precipitating the lime as a carbonat by 
carbonated potafl^, and fully calcining the car- 
bonat of lime in a platina crucible, in a violent 
heat, till tlie weight no longer diminidicd. Of 
this lime, ico grains were diflblved in dilute 
muriatic acid in a platina crucible, and then 
fufficient fulphuric acid was added which pre- 
cipitated fulphat of lime. The whole contents 
of the crucible were evaporated to drynefs, then 
raifod to fuch a temperature as would expcll 
every thing but the combined fulphuric acid. 
The increafe of weight thus obtained was 76 
grs. whence the author concludes 176 parts of 
dry fulphat of lime to contain 76 of real ful- 
phuric acid, fo that this fait will then con fill of 
57 per cent, of lime and 43 of acid. Hence, 
by knowifig the ratio that fulphat of barytes 
bears to fulphat of lime, the quantity of ful- 
phur in fulphuric acid may be afeertained. For 
this purpofe 100 grs. of the fame dried fulphat 
of lime (at 43 per cent, of acid) were attempted 
to be diflblved in water alone, but finding that 
an inconvenient bulk of fluid would be re- 
quired in this way, Mr. C. firfl added fome 
oxalic acid to the fulphat, and then a little mu- 
riatic acid, which eftefbed a complcat folution 
in a moderate quantity of fluid. 

The folution therefore contained oxalat of 
lime, probably with a little fuper-fulphat, both 
of which were diflblved in muriatic acid. 

Into this liquor muriat of barytes was poured 
as long as any precipitate fell down, and the 
liquor was heated for a fhort time to keep in 
folution any oxalat of barytes which would be 
formed, and which is cafily foluble in an excefs 
of acid. The weight of the fulphat of barytes 
was (on the average of three experiments} 183 
grs. which therefore, contain as much acid as 
100 grs. of the fulphat of lime employed, or 43 
grs. and Hence 100 parts of fulphat of barytes 
will contain 23.5 of acid. But by the firfl 
experiment, loc parts of fulphat of barytes 
were formed by the acidification of 14.5 grs. 
of fulphur, and hence the 23.5 parts of ful- 
phuric acid are eftimated to he compofed of 


14.5 of fulphur and 9. of oxygen^ fo that loe 
parts of dry fulphuric acid mutt confift of 61.5 
of fulphur and 38.5 of oxygen. Alfo, if ful- 
phat of barytes contains only 23.5 per cent, of 
acid, the whole of die remainder, or 76.5 mull 
be barytes 

To recapitulate the refults of thefe experi- 
ments — 

Sulphuric acid is compofed of 

61.5 Sulphur 

38.5 Oxygen 

xoo.o 

Sulphat of lime, perfe£Hy deficcated, is 
compofed of 

57. Lime 

43. Sulphuric acid 


100. 

Sulphat of barytes, perfcftly deficcated, is 
compofed of 

7(1.5 Barytes 
Sulphuric 

100.0 


100 parts of fulphat of lime contain the fame 
quantity of acid as 183 parts of fulphat of 
barytes. 

The difagreement between the experiments' 
of Mr. Chenevix and thofe of Klaproth, Wi- 
thering, , and other chemifts already mentioned, 
is much too great to be accounted for from 
flight variations in deficcation, &c. and we 
mud acknowledge they are unaccountable. 
Some obfervations may be made on this fub- 
jea. 

Firft, as to the proportion of barytes in the 
fulphat ellimated by Mr. C. This able chemitt 
infers it from the quantity of acid produced, 
and attempts to account for the difference be- 
tween his and former calculations, by obferv- 
ing t!iat “ at the time when the experiments 
were made that determined the proportion of 
33 per cent, pf acid in fulphat of barytes it 
was not known that we had never obtained 
barytes pure, and that a confiderable portion 
^^of carbonic acid refitted the adlioii of every 
degree of heat that had been applied to car- 
‘•bonat of barytes,’* &c. 

But the experiments that determined the. 
above proportion of 33 per cent, were made 
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f>y decompofing the carbonat, not by heat, but 
by an acid, and the lofs of about 22 per cent, 
of carbonic acid by efFervefcence was con- 
firmed in Klaproth's experiments hy many un- 
exceptionable procefles. If therefore, as we 
have before mentioned, 100 parts of the pure 
carbonat lofc nearly 22 of carbonic acid by ef- 
fervefcence, and produce 117 of the fulphat 
(which is a Ample and apparently unexception- 
able experiment) the quantity of 76.5 per cent, 
-of barytes in the fulphat mu ft be largely over- 
rated; for if ICO of the fulphat contain 76.5, 
1 17 v/ill contain 80.5 of barytes, which is ob- 
vioully incompatible with the other experi- 
ments, as the 100 parts of carbonat could not 
contain more earth than 78 at the utmoft, when 
it loft 22 by eftervcfcence. 

Mr. Chenevix produced 694. o£ fulphat of 
barytes by acidifying 100 grs. of fulphur with 
nitric acid, and precipitating all the liquors by 
iiitrat of barytes ; which is in the proportion of 
14.5 of fulpliur in 100 of the fulphat. But if 
100 of fulpnat of barytes contain 66.6 of earth 
and 33.3 of acid, the compofition of fulphuric 
acid would be as 14.5 of fulphur to 18.8 of 
oxygen, which is double the higheft eftimation 
of oxygen, and obvioufly impoilible. Can a 
quantity of nearly infoluble nitrat have mixed 
with the fulphat and incrcafed its weight? 

In Mr. Chenevix’s next experiment the 43 
parts of fulphuric acid contained in loo of ful- 
phat of lime, produced 183 of fulphat of bary- 
tes. According to Klaproth’s analyfis of this 
latter fulphat 43 parts of acidlhould only have 
produced three times as much fulphat 01 bary- 
tes, or 129 parts. The method employed by 
Mr. C. was rendered complex by the introduc- 
tion 0/ oxalic acid, yet it docs not appear that 
it would involve any material fource of error. 
But on the other hand, Klaproth® eftimates 
.that 220 of fulphat of barytes arc equivalent in 
acid to 160 of fulphat of lime, whence ico of 
the latter would yield by decoin pofition 137 of 
fulphat of barytes. It flioiild alfo be obferved 
that Mr. Chenevix makes a much lower eftima- 
ation of the quantity of fulphuric acid in ful- 
phat of lime than Kirwan, Klaproth, and other 
ichenVifts do^ for by Mr. Chenevix, 57 of lime 
and 43 of acid conftitute 100 of the fulphat, 
but by the other eftimation 100 parts of per- 
feftly dry felenite, contain about 40 of lime 
and 60 of acid. 

The difagreement of thefe experiments per- 
formed by chemifts of acknowledged (kill and 
iSdclity, might lca<J Jto the fuppofition of there 
‘ VoL i. p. 16S. 


being more than one fpecies of artificial fulphat 
of barytes, with different proportions of acid 
and earth, but furdier experiments are required 
to determine this point. 

A moll unexceptionable method of afeer- 
taining the quantity of barytes would be the 
following: diffolvb fome of the pureft tabular 
cryftals of muriated barytes in water, decom- 
pofe the folution by carbonated ammonia, walk 
the precipitated carbonated barytes, and dry it 
for half an hour in a low red heat. Take a 
given quantity of this carbonat, faturatc it with 
muriatic acid, and note the lofs of carbonic 
acid, decompofe the folution by fulphat of 
foda, edulcorate the barytic fulphat, and dry it 
in a low red heat for half an hour, and weigh 
it. 'rhen take another equal or aliquot portion 
of the carbonat of barytes, diflblvc it in the 
pureft nitric acid, evaporate the folution to 
drynefs, and gradually ignite the nitrat in a 
clean platina crucible till all the acid is decom- 
pofed and driven off, and the pure barytes alone 
IS left. 

The refults of thefe experiments compared 
together, would give as accurately as can well be 
done, the quantity of carbonic acid, and of 
barytes in the carbonat, and of barytes in the 
fulphat. 

SuLPHAT OF Lime. Seltmte. Gypfum. 

X/ndcr. the article Gypfum the different fpe- 
cies of the native fulphat of lime arc deferibed. 
To this it may be added that this fait is moft 
extenfively diflufed over the earth, being found 
in final 1 quantity in almoft every common 
fpring water to which it gives (in common 
with other earthy falts) the properties of hard- 
nefs or harlhnefs to the feel, and of curdling 
foap. 

Sulphat of lime when taken into the mouth 
in fubftance is almoft entii*ely deftitute of tafte, 
owing to its very difficult folubility. It requires 
for folution about 500 parts of cold water, and 
foinewhat lefs of boiling water, fo that it is 
partly depofited from the hot faturated folution 
on ftanding for fome hours. Though the quan- 
tity of fulphat of lime in folution in pure 
water is fo final!, each of its ingredients may 
be formed into ftill lefs foluble falts, and a pre- 
cipitate will appear on the addition either of 
oxalic acid which abftra£ls the lirne, or of a 
barytic fait which unites with the acid. 

Sulphat of lime is rendered much more folu- 
ble in water by the addition of any acid, all of 
which (the oxalic exceptedj fimply diilblve 

■ Kirwah'A Addiu Obe. 
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^tliout Hecompofing it unlefs the quantity of 
^icid be very large. 

Qn evajwrating any of the fol lit ion 3 of fclc- 
nile in acids, and allowing the folution to cool 
•when higlily concentrated, this fait feparates in 
long tranfparcnt cryftals, which is a very com- 
mon form for it to occur in chenucal analyfes. 
It is then diftinguifhed by its want of taftc, its 
dlificult folubiiity when removed into pure 
water, and by its adbrding a precipitate with 
the oxalic and barytic faits. Wlicii a liquor 


sjontatning fcicnile is rapidly evaporated, this 
fait feparates as a brittle fliining pellicle. 

W'^hen the cry fulphat of lime, native 

or ai tilicial, is calcined in a red heat, it fpiits, 
and falls into a mealy powder by the lofs of its 
WMter of crylfaliization. Tlii^ forms the plaller 
of Paris fo mucli employed in mo<lelHng and 
cements, as it h.as the property wdicn mixed 
with water to the con fi If once of a thin palfe, of 
foJidifying in a few minutes, and beconung a 
•’hard brittle inafs. 

’Selenite, like all the other fulphats, is infolu- 
blc in alcohol, and hence thivS fluid is a very 
ufeful left to deteft tlie prefence of felenite in 
any watery folution, and to feparate it without 
Hdecompofitlon. A r. Kirwaii® found the power 
of this tell to be fo extCMilive that felenite may 
be compicatly precipitated from water that 
contains it in the proportion of toWi or even 
Icfs, by any fpiiit of wine wljofe fpecific gra- 
vity is below 0.850. Hence much advantage 
may be made of alcohol in analyfes of com- 
pounds that contain this fak. 

iSuIphat of lime is decompofed by the fixed 
alkali(xj, by lime, and by barytes, cfpecially in a 
boiling heat, and (fill more readily by the alka- 
line carbonats. for this purpofe reduce the 
fulphat to fine powaler and boil it for a quarter 
or half an hour, with twice its weight of dry 
carbonat of potalh or foda diflblved in water, 
and a complcat decompofition will be cffedled, 
the liquor will contain fulphat of potafh or 
foda, and at the bottom will be the lime of 
the felenite, fully carbonated, from wdnch the 
pure lime may he procured by compleat cal- 
cination in a piatina crucible, or the propottion 
of lime may be ellimatcd from the known ' 
conftituent part« of the artificial carbonat, 
which, when dried and ignited, contains 55 per 
cent, of jime. 

Sulphat of lime when exp fL^l to a very in- 
tenfe heat m^dts into an op.ike white vilrcoiis 
•mafs. When heated with charcoal, it is par- 
• On Mineral AeiJa. t 
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tially and imperfectly dccompoiVd, .iiul fume 
fulphiivet is formed. # 

’riie compofition of fulphat (d" lir.ve ;s given 
with Ibme variv'tv, l>y dillLvcnt chomiils. 

Mr. Kiiwan found that 4.0 grs. id' .1 ililiile 
fulphnric acid (vompoleil of ^ grs. cd' ihong 
acid of 1.5^54 fp. gr. at 60^ mixed w ith Z2i; 
grs. of water) f.ilurated 17.1 grs. of m.irhJr, 
•which contained S^.6;.;vs. oi* lime. 'I'lie 
quantity of dilute acid contaiiieil lin.y of ;e.;/ 
i/ivV/ (for the explanation i)f wh.ic h fee the ;irti- 
cle iSulpliuric Acid) and coniVqiK'iiil / tlic acid 
and iiiTie are to each other as i ^9 5 ^'3.6 vr 

as 58.84 of acid to 41.15 of iliva;. Rut it is 
fcarcely pofiilile to obiain thofe ipianiitics froi.i 
lo 'j parts of fcljinte, unlefs afier v«'ry long a-iil 
violent ignition, on account of ll-.e 
with which wMtor adlieres lo the lift. 11. ii 

circumlhiiice too throw.; fome dlihi ulry in the 
aiialyfis of this fait, for if too p:iits, f ;r ex- 
ample, ho merely ignited for a liiorr time, ;ind 
tlie lime fi'paraied accurately, if lli ; entire 
wciglit remaining to make up t!ie ico p.irt ; I) * 
confidered as real acid, it would givi? t )i> Irg'j 
a proportion of the latter, fince felenite tfius 
dried generally contains at Icall 5 or 6 per 
cent, of water. 

Thus Klaproth obtained p/>.; gvt;. of igifueil 
carbonat of lime from .j.o grs. of ignited fuK'v 
nite, which would be ciniivalont to 3^.87 of 
pure lime from 100 of tlie felenite; bat if all 
the 63,13 remaining were confnl.rijd as reai 
acid, it would probably rnake it iniu li too high. 

The ciUmalion given by ivir. Ciieiicvix Df 
the proportions of fuljilniric acid and lime in 
the fulphat very flrongly ignit d, and the moilc 
of making the experiment, hr.vo been already 
mentioned in tin? preceifing article of if 

Barytes. J)r. 'l'lioiyUbn,P on repjaiiiig Air. C’s 
experiment obt.riricd widely diffeiing rofults, 
being 56 of acid and ^2 'of lime, ‘ wherea-s 
Mr. C. obiaiiicd 43 of acitl and 57 of lime* 
As Dr. Tiionifon’s experiment much more 
clofely coincides with iholo of Kirwaii, Iviaji- 
roth, Bergman, and Wen '/el, we cannot lielp 
confidcring it as more correci, or at le.dl ns iv.i.re 
approaching to the point of mutual f,ituniti*m 
of die acid and hafe. From aJJ that lias been 
done, how'cvcr, it is clear th.it when this ful- 
phat occurs in chemical ajialyfis it is not f.de to 
clliniale its conij/ofnion froi.i aiiy airmned pro- 
portions, but it llmuM be dccomp.ofcd by boill 
ing with an alk ili in the w.iy alre.-tly nn-nti- 
onecl, by which tlie quantity of lime may 
L‘cin ot ChciUiftry, v«l ii. p 
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afcertAinctU and if that of the fulphuric acid 
be wanted, it muft be obtained by . converting 
it to a I'uiphat . of barytes, having previoufly 
fatiira'teil the excefjof alkali by muriatic acid. 

There does not appear to be any proper 
fupo'fidphnt of lime, an cxcefs of acid only ren- 
dering the fulphat more foluble, and it cryftal- 
li'4:es from its acid folution in its common neu- 
tial ftaic. 

SULPICAT OW StRONTIAN. 

'i'his fait has boon found native in England, 
ncarBriltol; in Pennfylvania ; and more lately 
near Paris. It has already been defciibecl under 
the article Ccple/Itne* 

iSulphat of ftroiitian is a fait without tafte 
and iViit'Il. It is nearly infoluble in water, but 
not abfoluLely fo, for Klaproth found that a 
pound of water boiled on a quantity of this ful- 
phat dilTolved about 3 grains. It is not de- 
compofed by any Hnglc acid ; but barytes, alone 
or in combination, takes from it its acid, with 
v/hic!i barytes has the greater affinity. Sulphat 
of llrontian is alfo dccompofed by the carbon- 
ated fixed alkalies, and with much more cafe in 
the moiil way than the fulphat of barytes. 
S-uJphat of ' flrontian, like the barytic fulphat, 
is readily foluble in fulphuric acid, and preci- 
pitable thence by dilution with water. This 
iait is decompofed by fufion with charcoal into 
, a lulphuret. 

The analyfis of the native fulphat has been 
undertaken l>y Klaprotli,*! by VauqueliiV and 
by Mr. Claylield tJic discoverer of it iii^this 
country,* and the refults of thefe chemifts 
have a very clofc agreement. 

The method to be followed in thefe analyfes 
is very fimple. Reduce a given quantity of it 
to fine powder, digeft it in a warm tempera- 
ture with a few ounces of dilute muriatic acid, 
which will feparate any iron, lime, or fulphat 
of Hme which it may contain, but will not 
touch the fulphat of flrontian; then boil the 
iilfoluble refidue for an hour with thrice its 
weight of very pure carbonat of potafli dif- 
folvcd in water, w'hich will effeft a. com pi eat 
decompofition, the fulphuric acid of the fait 
will remain in folution with the potafh, and a 
bulky white powder will fubCde which is car- 
bonat of flrontian. The quantity of fulphuric 
acid is to be afeertained by firft fuper-faturating 
the folution with muriatic acid, and then add- 
ing muriat or acetite of barytes as long as any 
precipitate falls down, which is barytic fulphat, 
and ihould be w^aflied, dried, ignited, and 


weighed. The catbonat of ftrontian reniainrng 
may be immediately walhed, dried, and ignited, 
and from its weight that of the ftrontian may be 
inferred i but to be certain that all the fulphat 
of ftrontian has been decompofed, it will be 
better to rediflblve the carbonat in dilute nitric 
or muriatic acid (by which any undecompofed 
fulphat wi>l be left behind) and precipitate it 
by carbonated ammonia at a boiling heat, af-' 
ter which the carbonated earth may be dried. 
If any admixture of fulphated barytes is fufi* 
pe£led, which is feldom the cafe, proceed as 
above, but inftead of finally decompofing the 
muriatic folution of the. earth by carbonated 
ammonia, evaporate it to the ^ cryftallizing 
point, when, after ftanding for a time, the 
muriat of barytes will appear in its proper form 
of white opake tabular cryftals, whereas the 
muriat of Jirontian feparates in needled cryftals, 
which latter may be further diftinguiihed by 
giving a red colour to the flame of alcohol. 

With regard to the refuits of the diflTerent 
analyfes, Klaproth found that 100 grs. of the 
fulpliat decompofed in the manner ;movc-men- 
tioned, produced 124 grs. of ignited fulphat of 
barytes, and 82 grs. of carbonated ftrontian* 
The fulphuric acid of the former he reckons as 
a third of the weight, or about 42 grs.; and 
the pure ftrontian of the latter at 58 grs. hav- 
ing found by former experiments that too grs. 
of ignited carbonat of ftrontian loft 30 grs. of 
carbonic acid by eflfervefcence, and that the 
remaining 70 per cent, were (to a trifling refi- 
duc) pure ftrontian. 

A hundred parts of pure fulphat of ftrontian 
therefore will contain according to this gninent 
chemift, nearly. 

Real fulphuric acid 42 grs* 

Strontian — — ^58 

100. 


“ The analyfis of Vauquelln is fo far imperfefk 
that it only goes to afeertain the quantity of 
ftrontian in the fulphat. By his experiments 
167 parts of the fulphat gave 129 parts of the 
carbonat, which (following Klaproth’s propor* 
tions) would give 54 of ftrontian in 100 oi the 
fulphat. - 

Laftly, Mr. Clayiield, whofe analyfis feems- 
condufled with care and (kill, and who afeer- 
tained both die quantity of earth and of acid, 
gives the compofition of this fulphat almoft 
cxa&ly the fame as that of Klaproth. He alio 
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iJlerts tKat the artificial fulphat contains 2 per 
cent, more acid than the natural. 

SyLPHAT 6 f Magnesia. Epfim Salt. Bitter 
Purging Salt. 

This ufeful fait is occafionally found nat!ve» 
but by- far the greater part is artificially pre- 
pared. 

The native fait when folid is met with al- 
molt invariably in the form of fine capillary 
cryftals, on the furface of decompofing fchiibuSy 
often in coal-pits, and not unfrequently efflo- 
refcing on the furface of the foil. A very pure 
fulphat of this kind is defcribed under the arti- 
cle Bitter Salt (which fee) and was found 
in the mercury mines of Idria where it is 
known under the name of Haarfalzy and was 
miftaken for plumofe alum till Klaproth de- 
tected its real nature. 

Fontana mentions^ a large quantity of this 
fait found in the quarries of gypfum in Pied- 
mont efflorefeing on the furface of the gypfum 
(particularly in mofe that are the mod expolcd to 
the fun,) which is brufhed ofF from time to 
time, and when difiblved in water and cryftal- 
lized is fold by the peafants. 

Proud'* alfo relates that this fait abounds fo 
much in many parts of Spain, that in Andalufia 
large traCls are covered with an efflorefcence of 
it after floods ; and in mod of the houfes of 
Madrid, the foundation and lower walls are 
covered with this fait, which arifes from the de- 
compofition of the mortar, to the great detri- 
ment of the buildings. 

It is not unfrequent to meet with the fame 
fait in this country, forming a fine hair-like 
faline covering to the walls of damp cellars, 
or new buildings. An efflorefcence of this 
kind is noticed by Dr. Bodock'^ on the walls 
of a new houfe near Liverpool, which was 
very pure fulphat of magnefiaj and a fim'tlar 
produCiion of this fait is mentioned by Mr. 
Gregor,'"* on the furface of a wooden frame 
ufed to fife coal-afhes, which latter on analyfis 
were found to contain gypfum along with tul- 
phat of magnefia. In many of thele indances 
the fulphat of magnefia appears to arife from 
a deconipofition of fulphat of limeb^ magnefia, 
bat the precife mode in which this apparent 
contradi^ion to the known order of alhiiittes 
is brought about, is not very appairept. In 
other cafes the pyrites commonly contained 
in coal appears a principal agent in the pro- 
duction of this fait, fpr Mr. Gregor obtained 
it in abundance by calcining for an hour a 


mixture of about two parts of pyrites wuh 
one of deatite, and after long expofure to air, 
lixiviating the calcined mafs. 

It is probable that many of the natural falinc 
efflorefcenccs which have been fuppofed to be 
native faltpctre, may contain fulphat of mag- 
nefia. 

Another fource of this fait is in certain fafiiie 
fprings, and it is from thefe that our fird 
knowledge of it originated. 

It was fird difeovered at Fpfom in Surrey, 
by Dr. Crew, in the year 1675, in a mineral 
water, to which it gave confiderable celebrity, 
and the fait itfclf was extracted by boiling, and 
was fold at a high price as Epfom fait. Tlie 
fame fait was fometime afterwards found in a 
well at Shooter’s Hill in Kent, in the year 1700, 
which was alfo cxtrafled by boiling down, and 
was fold as Epfom Salt. 

A few years afterwards it Was found by fome 
chemids that the fame fait could be prepared 
from the bittern or mother water of fca-watcr, 
after all the muriat of foda had been extra£led in 
the ufual method, and which ufed to be thrown 
away. 1 his procefs was long kept as a lucra- 
tive fccret in the hands of a few falt-makcrs, 
and the fulphat of magnefia made at the briPe 
works at Portfmouth and Lymington being 
afforded much cheaper than could be done by 
the evaporation of the mineral waters of Epfom 
or Shooter’s Hill, the latter gradually fell into 
difufe, and for many years almod all the vitriol- 
ated magnefia ufed in this country has been 
prepared at the fait works at Lymington. 

This fait was long confidcred as peculiar tm 
this country, and large quantities were ex- 
ported into other parts of Europe, and fold 
under the name of Englflj or lipfotn Salt. It* 
was afterwards difeovered in the mineral water 
of Scydfehutz or Sedlitz in Bohemia, whence it 
alfo obtained the name of this water, the cele- 
brated Hoflman having fliewn its identity with 
the true Epfom fait. Sulphat of magnefia was 
long confounded with fulphat of foda, and 
though fufficient marks of di(Hn6lion were 
given by many praAical chcmifls, the true 
nature of the Epfom fait was not fully under- 
ftood till Dr. Black, in 1755, fhewed, in the 
mod convincing manner, that it con filled of 
magnefia, combined with the vitriolic acid, and 
obtained the magnefia from it by means of an 
alkali. 

This confufion of the two falts. was further 
promoted by a fraud commonly pradliled on the 
Continent (where the Englifli or Epfom fait wa« 
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fo\! at a K'gh price) of f.ibftituting for it Glau- tion of a fatulftited folution. In general it Is iiT 
hex* 3 f.ilr, nuivlo by iHrvir.g a warm faturated fo- the form of fmall white needled cryflals, nro- 
larioii of it till nearly cold, whereby it feparated duced by the cooling of the hot faturated {olu- 
iii fmall ncoiiled cryllals, very clofoly refembling tion. The common iuiphat is conflderabJy dc- 
ibe fv>i in of tiie true Epfom fait. On the other liquefeent, but this is probably owing to the 
IianrI, v.lien Claiiber’s fait was the moll: in re- admixture of fonic muriat of magnefia or lime; 
cjnt ll: in lids coumry, ihe Epfom fait makers for the large regular* cryllnls of tins fulphat are 
iif vl to obtain tlio lail^r f a t in large cryftals permanent in the air, and fomewhat efilorefee 
imitating the falph.it of fcul a, by adding an ex- when th-^ atmofphere is dry and warm, 
cefs of ivKpIjuric acid, and probably by a llower Tins fait is extremely foluble in water. The 
rvaporation. Eota thefc faltj'. were occafionalJy precife degree of foiubllity in feme meafure 
called in medicine *^<7/ Al'irnh'ilcy and as the depends oi? it* purity : the pure filt dillblves in 
medicinal edeCi: was tiie fame, this alfo further nearly its own weight of cold water, and by 
•^oiuiihutcd to keep up tiie miftake. The incrcaling tlic heat much more is taken up. 
diOv-iiK^lion between tlic two is now known to The fait, whtai heated alone, melts in its own 
bo ]icrroc\ly fimplo, for the addition of aiiy water of cryllallization, of which it contains 
c irb >n:itcd fi\cd alkali will immediately render about per cent,* after which it becomes a 
a folution of fulnliat of magncfia turbid, but hard opake mafs, which will bear a very (Irong 
will not alter the tranfparcncy of fulphat of heat without melting or parting with any of 
f iila. 'riic folution ihould be fomewhat di- its acid ; fo that it is again eqiiaby refoluble in 
liiicv!. water. In a very intenfe heat, or before the, 

'I'lie method of inepavlng fidphnt of magnefia, blow-pipe, it melts into an opake ninfs. 
fr'un t!ie bittcni of f a-’v:uer, has been varioully Tliis fait is not -dccornpofed by any fingl©' 
I'latv'd, It is UroMglv afirmed by fome, that no acid. Wl»en the fixed alkalies arc added to its 
addition Is matle to it, Init that the whole pro- folution, the magnefia is feparated pure ; but • 
cefs is merely tlrat or c\aporating the liquor to with the carbonated fixed alkalies, carbofmt cf 
:i very Ingh print of concentration, and on wagfujia is precipitated, as has been defcribca 
cooling, the lulpivat cvyllaliizcs, which is piiri- under that article. 

fied by a fetond folution and cryllallizaiion. rhere does not appear to be any proper 
On rh.e oilier hand it is Hated, (and, we mull fulpLit of magnefia^ though the very large* 
zeknowlodge, wilh much more probability) that cryllals of this fait arc faid to be made by llciwly 
fulpbat of iron, or the mother water of vitriol, crylVallizing the folution with excefs of acid, 
rr fiiipliiiric acid, in fon-.e form or other, is If fiilphuric acid is added to dry fulphat of mag- 
ad.»led to the bitlovn. If iVevgrnan’s analyfis of iv fia, tlie whole of the cxccfs of acid is volati-* 
fea-w.itcr c(»rrLcl, t::is adiliiioji i^ nocellary; llzed at a low red heat, without dilliculty. 
for, according to thi i eminent cherniH, fea- The adlion of ammonia or its carbonat, on* 
water cor.rains, in tlic Eiiglilh wine jnnt, 1S6.5 this lalt, will bo mentioned in the next article, 
grains of rv.iri.-t of fod;ii 51 gvs. of niuriatcd Sulphat of magnelia, when well cryllallized, 
magnolia, and 6 grs of fulphat of lime, 'riiere- is ellirnatcd by l ergman to contain 19 per cent, 
fore, as during the evaporation only muriat of of magnefia, :-:3 of real fulphuric acid, and 48* 
feda, with part of tlic fulphat of lime, are Ic- of water. Mr. Kirwan eftimates that 100 parti 
parated, the hilU-m^ or rcfiduc after the fidt ' of the fait, when perfedliy dried at a llrong- 
has been chiefly exrr.ieled, mult: contain a large heat, contain 36.68 of magnefia, and 63. 3Z 
quantity cf mur rat of niagncfia, fome corn num of acid, which very cJofciy agrees with the 
lalt, atul only a very fmall portion td fidph-at of ellimation of Bcrjman. 

lime ; and, cohrcouently, an additit.-n of ful- Sulphat of magnefia is frequently, in the 
phuric acid, in fome form or other, is required courfc of chemical aiialyfis, mixed with fulphat 
to decompofe tlie niagncfian muriat. of lime, and often with fulphat of iron, and= 

Sulphat of magneha has a fait and bitter the fcparntioii of thele falts is of importance in 
taflo, followed, wiicn taken in quantity, M-ith a coming nt accurate refults. aScvcral methods 
nightly fwcctifli flavour. The regular form of may l>c ufed. The following wnll f^parate the 
this fait is a foiir-fided jjrilVn, terminated by iron ; if the mixture of thefe falts be in folu- 
four-fidcd pyramids ; but it is only obtained tion, and any calual cxcefs of acid has been- 
regular by the How and infenfible evapora- faturated, the addition of fuccinat of ammoniar 

* Bergmun oa M»guclla» 
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-Will precipitate the iron, and leave the earthy 
falts untouched ; or elle the mixed lalts may* be 
dried and calcined for an hour in a red heat, 
by which the acid will be expelled from the 
fulj^hat of iron, and the fulphat of lime allb 
will be rendered fcarcely foluble, wliiiil: the 
alfulioir of cold water, and digelHon for fome 
hours, will complcndy dillblve out the fulphat 
of inagnefia. If only the latter fait and fulphat 
of iron were prefen t, the only iiifoliible reluluc 
will be the brown colcothar, or ox yd of iron, 
belonging to the fulphat, and from which the 
quantity of the latter may be cllimatcd. 

The Sulphais of lime and of magnefia may be 
feparated in two methods. If tlie magnefian 
fait is very fniall in proportion to the other, ilie 
addition or peifcclly caiillic ammonia will fepa- 
rate the magnolia (though not totally) and leave 
the lime untouched, provided the mixture be 
kept for fome hours in a well corked bottle, to 
exclude the carbonic acid of the atmol'phere. 
But as it is more commonly required to feparate 
fulphat of lime from a larger qua tity of fulpliat 
of rnagnefia, advantage is taken of the very 
dillicult folubility of the former and the reavly 
folubility of the latter. The mixed folutions 
therefore are to be concentrated highly by eva- 
poration ; when, after fome hours repofe, moll 
of tlie fulphat of lime will feparate aione, and 
may be removed. 'fhe folution may then be 
evaporated to diynefs and ilrongly calcined, 
anti then pulverized and digelled with three or 
four times its weight of cold or lukcwMi m water, 
by which the whole of the magnefian fulphat 
will be dillblvcd, and what liule fulphat of 
lime may remain after the firll procefs, will 
remai:i untouched. The folution may then be 
boiled with carbonat of potafli, to decoinpofc 
tjic carbonat of magnelia, and the latter, when 
v/alhcd, dried, and ignited in a llrong red 
heat till it is fully calcined, will be pure mag- 
nelia. We may adtl, that when calcined mag- 
iiefia contains any lime, it may be eafily detected 
by rubbing a quantity of it witii fome dUlillcd 
water, putting the whole in a phial, and lhaking 
the mixture frequently during digellion for a 
few hours. On fublidence, the clear liquor 
will be a Unie^ivatcr-^ if any lime be contained in 
the magnefia, as may be difeovered by its be- 
conaing turbid on blowing through it wi.li the 
breath, or adiling a few drops of a carbonaicd 
alkali ; but if the magnefia be pure, the water 
will have diflblved nothing. 

Sulphat of magnefia is largely ufed in medi- 
finej both directly and for the preparation of 


Megn^ta and its Carbonate the methods of pro- 
curing w'hich have been deferibed under thcle 
articles. 

AmmONIACO-MaCNESIAN SuLPITAT. 

When pure ammonia is added to fulphat of 
magnefia, a great part of the earth is precipitated, 
but tile roll remains in folution, and, by evapo- 
ration, a triple fait, compounded of fiilphuric 
acid, magnefia, and ammonia, is formed. This 
fait is aifo procured more fpe^cdily, and with 
lefs lols, by adding to a folution of fulphat of 
magnefia one of fulphat of ammonia, cacli fonie- 
vvhat concentrated. An abundant dopi^fition of 
re uL*r, tranfparent, Ihiiiing cryllals takes 
place immediately, which are ilie triple lait in 
quell ion. The form of this fait is generally 
uclohedral its t.illc is fait and bitter. Wlieii 
heated, it lirll melts in its own water of cryllal- 
lization, alter whicli it is decompoied, ammo- 
nia is lirll: given out, then acidulous fulphat 
of ammonia rifes, and finiple lulphat of niaenelki 
remains. 

rhis triple fait is much lefs foluble in water 
than cither of the fiilpliats of winch it is formed, 
as is obvious by its precipitating on tlie addition 
of tlie tw'O folutions. It is compofod, according 
to Fourcroy, of 6 'j per cent, of fulphat of maj- 
iiefia, and 32 of fulpliat of ammonia. 

Sulphat of Alumine. 

The limple combination of fu’pliuric acid and 
ahirnine, was often produced in the rcfearche* 
of the various eminent themiiU who have turned 
their attention to the atialyfis and inanufac^lure 
of alum ; but a more accurate knov ledge of it 
is due to Vauquelin. Under the article -///////j, 
wc have fully detailed the many interelling ex- 
periments that have been made on this valuable 
fait, and given tlie j ^.lofs of the neceillty of pot- 
alh and ammonia to its eompoliilon. 

Sulphat of alumine, therefore, dilTers from 
alum in not containing any alkali, and on thiv 
account it is fcarcely cryllalli/.iilde. 

Sulphat of alumine is made by dlflblving pure 
alumine in equally pure fiiipiniiic acid, at a 
boiling heat, evaporating the lolutioii to con\- 
plcat drynefs, and then re-diilblving the refid iie 
in wafer. In this Itate, if the previous dcficca.- 
tion has been complcat, an altringent lolution 
is obtained, which is not fenfibly acidulous, and 
by hafly evaporation only gives a faiine magma j 
but when evaporated llowdy, and with great 
care, it n>ay be made to appear in the form of 
foft, flexible, Ihining. cryit.diiiic plates. But if- 
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« few drops of potafli, or any fait of potafli, be 
added to the lolution, the alkali unites to the 
fulphat of alumine, and almoit immediately a 
quantity of (comparatively) large hard odfohedral 
cry Hals of alum are depofited. The proportion 
of potalh neceffiiry to produce a fen fiblc quanti- 
ty of alum is fo fmall, that all the common 
lulphuric acid of the Ihops will give it ; and 
hence the pure fulphat of alumine muft be 
made with rectified fulphuric acid, and very 
pure alumine. 

Sulphat of alumine is infufible in any heat, 
but when ftrongly urged in the fire, it parts 
with its acid altogether. 

An Acidulous^ or Stipe r-ftdphai of Alumine^ is 
formed by diflblving the latter fait in fulphuric 
acid. It is then cryHallizable with Hill more 
dilliculty, and the fait is feiifibly acid and 
auHcre to the talle. It depofits cryHals of alum 
Hill more readily on adding potafh than the 
neutral fulphat docsj as alum is naturally a fait 
with excefs of acid. 

The fuper-fulphat of alumine maybe reduced 
to the neutral fulphat by long boiling with 
alumine, but with dilliculty. Neither of thefe 
ialts is ufed. 

SULPHURIZED MURIATIC ACID. 

Sulphur, when expofed to the long-con- 
tinued affion of oxymuriatic acid, is converted 
into fulphuric acid, as M'e have already men- 
tioned ; but when the oxygenation of the lulphur 
is not compieated, the refult is a fingular 
compound, the properties of wdiich have hitherto 
been only examined by Dr. Thomfon.* It is 
•thus prepared : charge a retort with common 
fait and oxyd of manganefe ; annex to it a 
Woulfe^s apparatus, with two or three bottles; 
put fome dry flowers of fulphur into the firH 
bottle, and into the next fome carbonated pot- 
aHi, to abforb the fuperfluous acid : then pour 
into the retort fome concentrated fulphuric acid, 
and oxymuriatic acid gas will be immediately 
liberated. After the fulphur has been for fome 
<ime ill contadl with this gas, it will become 
xnoiH and doughy, its colour will change to 
.orange, by degrees it will become more and 
jnore foff, and at length will be refolved into 
a red fluid : as foon as this is cHe£led, the pro- 
cefs muH be Hopped. 

'^rhe liquid thus obtained is perfectly clear, 
of a colour between fcarlet and crimfon, by re- 
flefted, and green by tranfmitted light; its 
fpecific gravity is =1.62, and its weight is 
more than twice that of the fulphur employed. 


When firH expofed to the air it fmokes like the 
diHillcd muriat of tin, but after a time its fumes 
are not more copious than thofe from Hrong 
muriatic acid. It is very volatile at a moderate 
temperature. Its odour refembles that of fca- 
weed, but is much flronger, and it afFefts the 
eyes in the fame manner as wood fmoke does. 
Its taHc is acid, hot and bitter. It changes 
paper Hained with vegetable blues to red, but 
not very rapidly, unlefs water is added. 

If a drop of fulphurizcd muriatic acid be let 
fall into a glafs of water, the furface is imitic- 
diately covered with a thin film of fulphur, and 
a greenifh red globule falls to the bottom, which 
remains for fome time like a drop of oil, but is 
at length converted into acid flakes, of a yellow 
colour, which are very duftile, even after long 
expofure to the air. A fimilar yellow matter is 
precipitated from the fulphurizcd muriatic acid, 
on the addition of a weak folution of potafh : 
this matter is hot to the taHe, and adheres to 
the finger like thick oil paint. By digeHion in 
hot water it is converted into common fulphur, 
and the water becomes acidulous from the pre- 
fence of muriatic and fulphuric acids. Solid 
muriat of barytes, whether cryHallized or in 
fine powder, affords no precipitate with tlic 
entire fulphurizcd acid, whence it appears that 
it contains no fulphuric acid ; but this latter 
makes its appearance whenever water is added : 
it is probable therefore that the whole of the 
fulphur, when combined with the muriatic 
acid, is in the Hate of oxyd, but the addition of 
water determines the whole of the oxygen to 
unite with part of the fulphur, converting it 
into fulphuric acid, while the remainder of the 
fulphur is deoxydated. 

If this fulphurizcd acid is poured into warm 
nitric acid, a violent effcrvefcence, accompanied 
by a kind of explofion, takes place ; but if it is 
dropped very (lowly into cold nitric acid, only a 
moderate effcrvefcence takes place. Nitrous 
gas and oxymuriatic acid gas arc evolved, and 
the fulphur is acidified. 

Sulphurized muriatic acid, even when cold, 
diffolves phofphorus very readily; no effer- 
vefcence happens, and the folution acquires a 
bright amber colour. If this folution is mixed 
with cauHic potafh, the whole mafs becomes 
beautifully lunninous, and fulphur in combina^ 
tion with phofphorus is precipitated. 

When mixed with alcohol, a violent effer- 
vefcence enfues, and ether is difengaged. 

Nitric acid decompofes this fulphurizcd acid, 
without occafioning any precipitate. Sulphur- 
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4us acul appears incapable of decompofing it, 
but all the other acids tlirow down from it a 
quantity offulphur. The fixed alkalies, when 
dry, produce with it a violent cfFervefcence, and 
a confidcrable degree of hcat^ If ammoniacal 
gas is thrown into it, the veflel is foon filled, 
with a purple vapour, and the liquor becomes 
folid, and of a deep red colour; but when 
mixed with water it fpeedily diflblves, and ful- 
hur is precipitated. This fingular fubftance 
as not yet been very exaftly analyzed ; indeed 
it appears to be by no means uniform in its 
compofition : in one fpecimen Dr. Tliomfon 
found the relative proportions of muriatic acid 
and oxyd of fulphur to be as 44. of the latter to 
35. of the former. In another fpecimen the 
proportions were 47.1 muriatic acid, 35.2 
oxyd of fulphur, and 4. fulphiivic acid. The 
oxyd of fulphur appears to be compofed of 
9^.8 fulphur, and 6.2 oxygen. 

‘ SULPHUROUS ACID. Acide Sulfureux. 
Fr. Schivejeiigte Saure, Germ. 

The fufFocating vapour that rifes during the 
combuflion of lulphur, is fulphurous acid, 
and although fonie of its moft obvious proper- 
ties mull have been known from time immemo- 
rial, yet the firft chemift who appears to have 
examined it with any attention was Stahl. This 
eminent philofophcr named it phlog\Jltcated vitri^ 
9 lic add^ becauie he confidered it as differing 
from common vitriolic acid only in containing 
a larger proportion of phlogilton or the princi- 
ple of inflammability : he alfo fliewcd that it 
might be combined with potafh, by dipping a 
cloth in a folution of this alkali, and expoling 
it, while yet moiil, to the vapour of burning 
fulphur. Scheele made fomc additions to our 
knowledge of this fubllance, which was ftill 
further extended by the important difeoveries 
of Dr. Prieftlcy. Next, Berthoilet invoftigated 
the properties of this acid and its falts, with his 
accultomed fiigacity. The accuracy of Vauljuc- 
lin, in conjunftion with Fourcroy, enlarged 
Hill further our acquaintance with this fiib- 
(lancc ; and, finally, we arc indebted to Dr. 
Thomfon, for the bell analyiis of it that has yet 
been publifiied, and for the difeovery of fomc 
interefting fa£ls, which had been overlooked or 
•bfcurely Hated by preceding inquirers. 

There are two ways of procuring fulphurous 
acid ; namely, by the conibuHion of fulphur, or 
by the partial decompofition of fulphuric acid. 
The firfl of thefe methods, although apparently 
very fimple, is in fa£l the moH troublefonie ; 
for if the combuHion is performed by atnio& 
phfric air^ tlie aewly^formed acid mixes with 


the residual azotic gas, from wdnch it is Incapa- 
ble of being dire£lly feparated. If, on the other 
hand, oxygen gas is made ufe of, not only ful- 
phurous but fulphuric acid is produced, and 
part of the oxygen remains mixed with the ful- 
phurous acid g.is. Hence it is that, for chemi- 
cal experiment, this acid has always been pro- 
cured by the decompofition of fulphuric acid. 

Various fuhilances have been employed for 
this purpofc, fuch as woed, charcoal, oil, alco- 
hol, and other vegetable fubflances and pro- 
du^ls : all tiiefe, however, arc more or left 
objc£l ion able, as both carbonic acid and gaffe- 
ous oxy«l of carbon are given out together with 
the fulphurous acid. Sulphur itfolf has been 
made ufe of, and the only t>bjo£lioii is tlie flow- 
iiefs with wliich the acid is thus produced. 
Dr. Prieilley firH employed ilie metals, inllead 
of the more compound combuffibles. He found 
that iron and zinc, being metals fo greedy of* 
oxygen as to deconq-oTe waiter, w'cre by no 
means fo proper for this purpofe as copper,, 
filver, or mercury ; fince in the former caie the 
acid was mixed more or lefs with hydrogen, 
proceeding, no doubt, from the decompofition 
of the water which common fulphuric acid 
contains. 

Sulphurous acid gas is thus prepared : pour 
into a narrow necked glafs retort two p rts, by 
weight, of concentrated fulphuric acid, and one 
of mercury ; dip the beak of the retort under 
mercury, and then apply a lamp or a pan of 
charcoal : when the acid gets warm, it will 
begin to aft on the mercury, and bubbles of 
gas will be difengaged : as foon as the common 
air of the veflel is driven out, and is fucceeded 
by bubbles of white fuflocating vapour, an in-- 
verted jar, filled with mercury, may be placed 
over the beak of the retort, and will thus be 
fpeedily filled with gas. This gas is fulphurous 
acid in its purell Hate, and exhibits the follow-^ 
ing properties. It is invifible, colourlefs, and 
elaHic, like common air; it has an cxlremely 
pungent fufFocating odour, and is incapable of' 
lupporting either combuHion or animal life. 
Its fpecific gravity is about 1= o 0025, or forne- 
M^hat more ihaii twice as great as that of at- 
mofpheric air. It is acerb and four to the taHe, 
reddens moH blue vegetable juices, and, after 
a time, dellroys the colour of many of them. 

It does not appear fufceptible of any change by 
mere heat ; but, according to an experiment by 
Monge and Clouet, if expofed at the fame time 
to great preflure and a cold equal to 3i®Fahr. , 
it lofcs its claHicity, and aflumes a liquid Hate. 
Water, by fimple expofure to an atmofpheie of 
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'tills gas, without agitatioif or extraordinary 
pTcflure, abforbs, according to Prieflicy,** about 
4i. times its bulk, or weight; and 

accorjling to Tbomfon, at 6i® Fahr. 33 times 
its bulk, or -JWi/ of its weight ; but if water be 
Saturated with this gas, by means of a Woulfe's 
apparatus, the bottles of which are furrouiided 
with ice, it will be found to have taken up, ac- 
cording to Vaucjuelin,^ about VuV weight. 
The fpecific gravity of this liquid acid is ftated 
hy Herthollet at 1.04, and by Vauquelin at 
^.02 ; by Thonifon at 1.05 at 68^. 

Oxygon gas appears to have no action on ful- 
^diurous acid gas, \vhen both the ingredients are 
dry ; but if to a mixture of one part of the for- 
mer and two of the latter, there be added a Tery 
little water, a fuddon diminution of bulk will 
at firll take place, owing to the abforption of 
part of the acid gas by the water; after which 
a further gradual abforption happens, in confe- 
quence of an actual combination going on be- 
tween the two gafles, by which fulphuric acid 
is formed and part of the oxygen gas dihippears« 
It is aflorted by Fourcroy, that if a mixture of 
oxygen and fulphurous acid gafles are p-fled 
through a red hot tube, fulphuric acid is formed 
by their combination : in this cafe, however, it 
is probable that the gafles were, previoufly (ii- 
turated with water.; for it is perfectly v ell 
afeertained, that during the diftillation at a 
high red heat of calcined fulphat of iron, there 
comes over, befides fulphuric acid, a mixture 
of fulphurous acid and oxygen gas, which may 
be readily feparated from each other bjh means 
of a dilute alkaline folution, which detains the 
former, but allows the latter to pafs through 
unaltered. 

Oxymuriatic acid gas is readily dccompofed 
by fulphurous acid ; the vclTel becomes filled 
with white vapours, and a mi^iture of fulphuric 
j^hd muriatic acids is the rclult. 

Hydrogen gas and fulpluirous acid exercife 
jio aciion on each other at the common tem- 
peratun;, but if a mixture of three parts, by 
bulk, of the former, and one of the latter, 'are 
made to pafs through a red hot glafs tube, the 
fulphurous acid is totally dccompofed, and the 

f notlucls are fulphur, water, and fometimes a 
ittlc fulphuretted hydrogen. 

Pholphoriis, even when ftrongly heated in a 
glafs tube, appears to h.wc no a£lion on ful- 
pliurous acid ga$. Phofphuretted hyelrogeii, on 
the contrary, even at the common temperature, 
readily decompofes this acid ; the mixture ]6fes 
fas Itatc of elaliic fluidity, a white vapour rnakes 

^ Expcrini. snetkodised, irol. ii. p. 


its appeai^tice, and the fides of the velTel arV 
lined with a mixture of fulphur and phofphoruS. 
Sulphuretted hydrogen has a iimilar effect to 
phofphurctted hydrogen, and fulphur is preci- 
pitated from the decompofition both of the acid 
and of the inflammable gas. 

Charcoal, at tlie common temperature, im- 
bibes a confidcrable quantity of fulphurous acid 
gas, but appears to produce no material change 
upon it : at a red heat, however, the gas is de- 
compofed, fulphur is depofited, and fulphuretted 
hydrogen is produced ; the hydrogen, doubtlefs, 
originating from the water either of the acid gas 
or of the charcoal. 

With camphor, fulphurous acid combines 
readily, and the refult is a liquid, the properties 
of which have been but little invelligated : this 
compound, when dropped into water, depofiti 
again the camphor, which appears to have un- 
dergone Icarcely any alteration. 

Sulphuric acid, efpeciajly at a low tempera- 
ture, abforbs a large proportion of fulphurous 
acid gas : the combination foon becomes folid, 
and in this ftate it has but little odour ; but if a 
portion be laid on a piece of glafs and expofed 
to the air, it prefently refolves into a liquid, at 
the fame time difengaging, with a very vilible 
elf.*rvefcence, the greateft part of the Hilphur- 
ousgas. Strong and colourlefs nitric acid, by 
being impregnated with fulphurous acid gas, 
acquires a deep orange tinge, and nitrous gas is 
difen gaged ; the fulphurous being at the fame 
time converted into lulphuric acid. 

Water, when faturated with fulphurous gas, 
forms the liquid fulphurous acid : it is beft pre- 
pared in a Woulfe’s apparatus, with two or 
more bottles, into the firft of which ihould be 
put a little water, to take up the fulphuric 
acid with which the gas is generally more or 
lefs mixed, while the purified mlphurous 
acid is abforbed by the water in the fecond 
and fucceeding bottles. This liquid acid 
abforbs oxygen from the air, and is gradually 
converted into fulphuric acid. But if a little of 
it is confined in a glafs tube, hermetically fealed 
and expofed to the comrron heat of a fand bath 
for a few weeks, the infide of the tube will be 
obferved to be lined by degi*ces with minute 
cryftals : after a time tne depofition of cryilals 
will ceafe : if then the end of the tube be 
broken off under mercury, this latter fluid will 
rife in the tube, fljewing that a portion of the 
air has difappeared, and the refioue, on exami- 
. nation, will be found to be wholly deprived of 
oxygen.: the liquid which was pure fulphurou9 

-- ■ Aanvdc Chim. axir. p. S37. 
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4CicI> will be converted^ for the mod; part» into 
fulphuric, and the cryftals are fulphur.^ Hence 
it appears, that by tlie long continuance of hejt, 
the oxygen of the liquid miphurous acid quits 
q^ie part of its bafe in order to form fulpkuric 
acid with the remainder. 

Sulphurous acid combines, either dirc£bly or 
by compound affinity, with the different falifi- 
able bafes, forming a genus of falts, which 
have obtained the name of Sulphites. 

For ail account of fuch of the metallic ful- 
phites as are known, we refer the reader to 
the refpeftive metals : there are, however, two 
or three general obfervations on the fubjed^, 
for which the chemical world is indebted to 
Berthollet, which may not improperly be intro- 
duced here. Thofe metals that have a ftrong 
affinity, both for oxygen and fulphur, fuch as 
iron and tin, if digeited with liquid fulphurous 
acid, furnifli themfelves with the requifite pro- 
portion of oxygen, by deCompofing not the 
water but the acid ; hence there is no difen- 
gagement of hydrogen gas, but one portion of 
the metal decompo&s part of the acid, and after 
being thus oxydized, combines with the re- 
mainder of the acid and k little fulphur, while 
the reft of the fulphur produced by the decom- 
pofed portion of acid^ combines with the re- 
mainder of the metal : hence there is produced 
both a fulphite and fulphuret. Zinc, on the 
contrary, though in its affinity for oxygen it is 
equal to iron, yet being greatly inferior in its 
attraf^ion for fulphur, decompofes the water of 
the fulphurous acid rather than the acid itfclf \ 
hence, during its folution, hydrogen gas is 

f riven out, and there is no appearance of any 
ulphur. 

Thofe metals whofe affinity for oxygen is 
but weak, as lead, mercury, and copper, are 
not a£led on by fulphurous acid* 

Some remarkable circumftances alfo occur, 
with regard to the aAion of metallic oxyds on 
this acid : fome oxyds (imply combine with the 
acid into a fulphite ; others, as the black oxyd 
of manganefe, give out a portion of oxygen to * 
the acid, converting it totally, or in part, to 
fuiphuric. Hence there is produced a fulphat, 
eithet mixed or not with a fulphite. 

The only truft-worthy anatyfis 6f this acid 
which has yet been publifhed, is Dr. Thom- 
fori’s from which it ^pears that 82 parts of 
fuiphuric acid, and 18 of fulphur, conftitute 
too of fulphurous acid ; according to which ^if 
the analyfis of fuiphuric acid by Chenevix oe 

^ Prieftlej, • Nick.Jsuni. tvo. vsLvi. p. 95. 
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afTumed as the moft authentic) this acid eon* 
fifts of 

68 Sulphur 
32 Oxygen 

loo. 

The order of the affinities of fulphurous acid, 
as far as it has been afeertained, is the following: 
barytes, lime, potafli, foda, niagiiefia, ammo- 
nia, and alumine. It is feparable in the form 
of gas from its earthy and alkaline bafes, by 
the fuiphuric, muriatic, phofphoric, and tartaric 
acids. 

Sulphurous acid, or to fpeak more correftly 
the fumes of burning fulphur, is employed to 
difeharge the natural yellow tinge from white 
woollen cloth, and to reftore filk Uiat has grown 
yellow by long wearing, to its original white- 
•nefs. It is alfo ufed to check the fermentation 
of vinous liquors. 

Sulphite of Potash.** 

1 he moft convenient method of preparing 
this fait is to conncfl a retort, charged with 
fuiphuric acid and mercury, with a Woulfe's 
apparatus of two bottles, tne former of them 
containing a little water, and the latter about 
two-thirds filled with a folution of cryftallized 
carbonat of potafh, in thrice its weight of 
water. The retort being heated, fulphurous 
acid gas is produced, which palling through 
the water in the firft bottle, is thereby purified 
from any contamination of fuiphuric acid, and 
then enters the alkaline folution in the next 
bottle, by which it is rapidly abforbed, carbonic ' 
acid gas cfcaping in bubbles at the fame time. 
When the eftervefcence has ceafed, and the 
fulphurous acid is no longer taken up by the 
liquor,, the procefs is finiflied, and the liquor, 
as it cools, generally depofits cryftals, if the 
above proportions of alkali and water have 
been obferved. 

Sulphite of potafh thus prepared, is a tranf- 
parent fait, fometimes colourlefs, but often with 
a flight yellowifh tinge. It cryftallizes cither 
in the form of lengthened rhomboidai plates dr 
dive'rj^nt needles. To the tafte it is pungent 
and miphurous ; its fpecific gravity is = 1 .58 ; • 
it is readily foluble in its own Weight of water 
at the common temperature, and in a^ much ' 
fmaller quantity of bdiling water. If this folu- 
tion is expofea to the air, it become covered 

in a fliort time withacryftalline peWcle j when 

this falls to the bottom, it is fucceeded by 
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anodier, and fo on till the whole i» converted 
into fulphat of potafli. If oxygen gas is em* 
ployed in the above experiment^ inftead of at- 
mofpheric air, the oxygenation of the fait takes 
place much more rapidly, with a very evident 
abforption of the gas. expofure to a tem- 
perature of about 300® Fr. fulphite of potalh 
lofes about two per cent, which appears to be 
water. When heated in a retort, it firft decre- 
pitates, and is converted into an opake white 
powder, and on aniiicreafe of temperature lofes 
about 22 per cent, of which 15 are fulphurous 
acid gas, 5 are fulphur, and 2 water ; the^ fait 
that remains behind is fulphat of jpotafli, witli a 
flight excefs of alkali. If, inftead of being 
heated in a retort, it is rapidly ignited in a 
platina crucible, after the decrepitation has 
ceafed, a blue flame makes its appearance, oc« 
cafioned by the combuftion of the fulphur, after 
which the fait is found to have loft 22 per cent, 
as before. The component parts of this fait, 
according to an analyfis by Dr. Thomfon, are 

43.5 Sulphurous acid 

54.5 Potafli 
2.0 Water 

100.0 

This, as well as the other fulphites, is moft 
conveniently analyfed in the following manner : 
firft aflay the folution with fulphite of barytes, 
to afeertain whether any mixture of fulphat is 
prefent, and having thus got rid of the fulphuric 
acid, add nitrat of lead as long as any precipi- 
tate falls down. The fulphite of lead thus ob- 
tained, conflfts, according to Dr. Thomfon, of 
23 per cent, fulphurous acid, and 75 yellow 
oxyd of lead. 

Nitric acid converts this fait Into fulphat of 
potafli^ oxymuriatic acid produces a fimilar 
eiFe£f, but at the fame time drives off a portion 
of fulphurous acid, fo that the refulting fulphat 
is mixed with a little muriat. 

It is alfo converted into fulphat by the oxyds 
of gold, filver, mercury, the red oxyd of lead, 
and the black oxyd of manganefe. 

It is dccompofed, by compound affinity, by 
^all the earthy and alkaline fulphats, except ful- 
phat of barytes ; by the nitrats, with the excep- 
tion of nitrat of ammonia y by the muriats, with 
the exception of muriat of alumine ; by the 
phofphats of foda, ammonia, alumine, and 
glycine i by the floats of foda, ammonia, bary- 
tes, ftrontian, and magnefia; by carbonat of 
foda ; and by all metallic falts except the car-p 
bonats. It has not been applied to any ufe. 


Sulphite of Soda. 

This fait is prepared from carbonat of foda, 
in the fame manner as fulphite of potafli is from 
carbonated poulh. It forms at firft a confufed- 
ly cryftallized mafs, which by fubfequent 
lolution in hot water aflfords, on cooling, very 
regular diftin£)r cryftals, in the form of com- 
prefled tetrahedral prifms, with dihedral fum- 
mits. Its fpecific gravity is = 2*95^ To the 
'tafte it is cooling and fulphurous. It is foluble 
in four times its weight of water, and in left 
than its own weight of boiling water. It efflo- 
refees on expofure to the air, and becomes 
covered with a white cruft, but does not fall 
into powder as fulphat of foda does ; hence, al- 
though it is foon converted fuperficially into 
fulphat, yet the interior of the cryftal remains 
for fome time unaltered. When heated, it 
firft melts in its water of cryftallization, and on 
increafing the temperature, undergoes changes 
precifely analogous to thofe already deferibed in 
the preceding article. It is compofed, accord- 
ing to Dr. Thomfon, of 

31 Sulphurous acid 
x8 Soda 
51 Water 

100. 

It is decompofed by the alkaline and ■ earthy 
fulphats, with the"^ exception of the fulphats of 
barytes and foda ; by the earthy nitrats ; by the 
ammoniacal and earthy muriats, phofphats, and 
fluats 1 by the borat and carbonat of potafli ; 
and by moft of the metallic falts. It has not 
yet been applied to any ufe. 

Sulphite op Ammonia.. 

This fait is prepared in the manner deferibed 
under fulphite of potafli, by faturating a folu- 
tion of cauftic ammonia wim gafleous fulphur- 
ous acid. It cryftallizes either in hexahedr«al 
prifms, terminated by hexahedral pyramids, or 
in rhomboidal prifms, with obfeure trihedral 
fummits. To the tafte it is cooling and pun- 
gent, with a fulphurous flavour. It is foluble 
in its own weight of cold water, and in a fmaller 
proportion of boiling water. By expofure to 
the air it attrafls moifture, and is ipeedily con- 
verted into fulphat of ammonia ; after wnich it 
becomes dey again. When heated, it llightly 
decrepitates,, gives out a little water and ammo- 
nia, and then fublimes in the ftate of acidulous- 
fulphite. In its general properties it refembles 
the other fulphites, but combines with feveraL 
of the lalifiable bafes into triple falls.. 
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It 18 decqmpofable by the fulphats of magne- 
Ca, aluinine^ and zircon ; by the earthy nitrats 
and muriats; by the acidulous pholphat of lime; 
and the phofphats of alumine, glycine, and 
zircon ; by the fluats of barytes, (irontian, and 
magnelia ; the borats of potaih, foda, barytes, 
ftrontian and magnefia ; and the carbonats of 
potafh, foda, and barytes. It is not made any 
ufe of. 

Sulphite of Barytes. 

This fait may be prepared, in the manner 
already mentioned, with either pure barytes or 
the carbonat reduced to a fine powder ; or it 
may be obtained by compound affinity from 
a mixture of an alkaline fulphite with muriat of 
barytes. It is in the form of a white powder, 
infoluble in water and tailelefs. By long ex- 
pofure to the air, it is converted into fulphat of 
barytes. When ftrongly heated, fulphur is 
difengaged, and the refidue becomes fulphat. 
But this fait, though infoluble in water, may 
without much difficulty, be diflblved in liquid 
fulphurous acid, and by flow evaporation, may 
be obtained in needle-form cryltals, or trun- 
cated tetrahedrons. Thefe cryflals are fome- 
times tranfparent, but often opake ; they are 
hard and nearly infipid. but at length leave a 
fulphurous flavour on the palate ; they are 
rather fparingly foluble in water ; and the folu« 
tion is employed with advantage to purify the • 
fulphites from any admixture of fulphat. The 
cryftallized fulphite confifts, according toFour« 
croy, of 

59. Barytes 
39. Sulphurous acid 
a. Water 

lOO. 

It is decompofed by the fulphats ; by the al- 
kaline phofphats ; by the nitrat and muriat of 
ftrontian, and by the alkaline carbonats. It is 
not made any other ufe of than that already 
mentioned. 

Sulphite of Lime. 

This fait is prepared either with pure or car- 
bonated lime, in the manner above deferibed. 
It is in the form of a white powder, but by 
digeftion in liquid fulphurous acid, it diflblves, 
and by flow cooling cryftallizes in mkiute 
hexahedral prifms, with nexahedral fummits. 
To the tafte it is after Ibme time flightly ful- 
phurous. ' It is Ibluble in 800 parts of water. 
By expofure to heat the cryftals fall into pow- 
der, and a little water comes over ; at a red 
^*'beat, a little fulphur is difengaged^ and the re- 


fidue is fulphat of lime* By long expofure to 
the air, it becomes fomewhat efllorefcent, and, 
after a confiderable time, is changed into ful- 
phat. Its component parts, according to Dr* 
Thomfon, are 

48. Sulphurous acid 
47* Lime 
5. Water 

100. 

It is decompofed by the alkaline and earthy 
phofphats i by the fluats and carbonats of ba- 
rytes, ftrontian, and the alkalies ; and by moft 
of the metallic falts. It is made no ufe of. 

Sulphite of Magnesia. 

This fait is prepared with carbonated ma^- 
iiefia difFufed in twice its weight of water, 111 
the manner already deferibed. it is in the form 
of powder, but oy an additional portion of 
fulphurous acid it readily diflblves, and by 
gradual evaporation it is depofited in the form 
of tranfparent deprefled tetrahedral pyramids. 
To the tafte it is at firft fweetifli and earthy, 
and afterwards fulphurous. When expofed 
to the air it becomes opake, and is very flowly 
converted into a fulphat. It is foluble in 20 
parts of water at the common temperature; 
boiling water takes up an additional portion, 
which it depofits in cryftals oil cooling. It is 
very readily converted into fulphat by expofure 
to the air. When expofed to a dry heat it 
foftens and aflumes the confiftexice of vifeid 
gum, and at length dries, having loft 45 per 
cent, which is nearly pure water ; at a higher 
heat the fulphurous acid rifes unaltered, and 
the earth remains behind. From this mode of 
analyfis it appears, according to Fourcroy, to 
confift of 

39 Sulphurous acid 
10 Magnefia 
45 Water 

100 

It is decompofed by the alkaline and earthy- 
alkaline carbemats; by the fulphats of alumine 
and zircon; by the earthy nitrats; by the 
pho^hats of the alkalies; and of lime, glycine, 
alumine, and zircon; and the alkaline borats* 
It is not applied to any ufe. 

Ammoniaco-Magnrsian Sulphite* 

This fait is formed, according to Fourcroy, 
by mixing magnefia with fulphite of ammonia, 
or ammonia with fulphite of magnefia^ or by 
3 J 
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addings together the two fulphitee. It occurs gallat of iron dien produced mixes with the ns* 
in the date of fmall tranfpareiit indeterminate tural colour of the fumacbf and a vaft variety 
cryftaU; it is lefs foluble in water than either of ufeful grey» drab, and flate colours are 
of die two fulphites feparately, of which it is brought out. Sumach, like the gal)-nut, alfo 
Gompofed. By expofure to air it changes into contains a very large quantity of The, and 
the triple fulphat of ammonia and magnefia. hence will give a copious precipitate with infu-» 
When heated it gives out firft fulphurous acid, fion of glue or any other animal jelly ; fo that 
then acidulous lulphite of ammonia fublimes, it has an additional ufe in the preparation of 
and pure magnefia remains behind. The pro- leather^ the finer kinds of which (as mentioned 
portion of its conftituent parts has not been under that article) are tanned by fumach. 
afcertained. It is decompofable by barytes, A good deal of fulphat of lime is found in 
ftrontian, lime, and the fixed alkalies. It is the infufion of fumach, by the barytic and ox-i 
not made any ufe of. alic tefts. The infuGoii of this plant differs 

from that of the other ailringent vegetables in 
SuLPHiTX OF Alumine. giving a precipitate with the cauilic alkalies. 

This fait is formed from pure alumine, ac« which is probably owing to the fulphat of lime 
cording to the procefs already mentioned. It which it contains. (See the article Tannin.) 
is in the (late of a white foft powder; to the Mr. Davy obtained 165 grs. of matter foluble 
tafte it is fweetilh, and then fulphureous. It is in water from 480 grs. of Sicilian fumach, of 
infoluble in water, but is taken up by an excefs which he ellimates 78 grs. to be tannin, 
of acid. It is not cryftallizable. By expofure 

to the air it is gradually converted into fulphat. SWINESTONE. Stinhfteiny Wern. Pierre 
When heated, fulphurous acid is driven oflF and puante^ Broch. 

the earth remains behind, together with a little Its colour is dark fmoke-grey palling into 
fulphat. It is compofed, according to Dr. greyilh black, yellowifli grey or blackilh brown. 
Thomfon, of ^ It occurs in.mafs, and fometimes diffeminated. 

32 Sulphurous acid Its internal luftre varies from dull to glimmer-> 

44 Alumine ing. Its fra£lure is fine grained fplintexyt^r 

' 24 Water fine grained earthy; fometimes it is imperfefriy 

— • lamdlar or llaty; the black variety is more or 

100 lefs conchoidal. Its fragments are either inde- 

9 B &LS S terminately angular, or flaty. It fometimes 

It is not applied to any ufe. contains very fmalNgrained dillin£t concreti- 

ons. It is opake, fometimes a little tranflucent 
SUMACH. Rhus Coriaria^ Linn. on the edges. It gives a greyilh-white ftreak. 

The fumach is a Ihrub which grows natu* may be eafily fcratched with a knife; is brittle, 
rally in Spain, Portugal, Syria, and many parts and eafily frangible; when rubbed it gives out 
of the Levant, and is largely employed in dye- a ftrong fetid urinous odour (whence its name.) 
ing.* Every part of the tree appears impreg- It eflervefees ftrongly with acids, and the gas 
nated with aftringent matter : the entire twigs thus liberated is carbonic acid mixed with a little 
and branches are the parts employed, which fulphuretted hydrogen. By calcination it be- 
are dried, and ground in a mill into a coarfe comes- white, and is converted into quicklime, 
brown or yellowiffi-green powder, which is the . It occurs in beds alternating or intermixed 
ftate in which it is imported. ^ with ftratified gypfum, or ftratified limeftone. 

Sumach readily yields a yellowiffi green in- It is found in England, Germany, France, and 
fufion with warm water, which foon turns mod other countries. The harder and more 

' brown on expofure to air. This infufion gives compad^ varieties being capable of a good po- 

a fmall quantity of yellow lake with alum, and lifli are often employed in ornamental architec- 
with the folutions of iron it forms an abundant ture for marble. It is alfo ufed as a material 
black or dark 'brown precipitate, (hewing the for building, and when burnt affords . excellent 
prefence of gallic acid. It is largely ufed in quicklime. Its peculiar odour has been attri- 
dyeing; by itfelf it gives a yellow- bufF or buted by fome to a mixture of bitumen, and 
fawn colour tending to green, which however is- hence it has been improperly confounded, with 
fugitive unlefs fixed by a mordant. If a fait of bituminous limeftone. 
iron enters into the mordant, the black of the 

* Bcrtkbilct Art de 4a TeZnture. 
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TALC. Tait, Wem. Ta/c, Brocli. 

Of this mineral there are the three following 
fubfpecies. 

Su^* Earthy Talc. Talcite of Kirwan. 

Its colour is greenilh-white pafling into red- 
difli white, filver-white, pale apple-green, and 
bright gTey. It occurs d^^cminated, fuperficial, 
or in fmall kidnev-lhaped mafTes. It has a 

S liftering pearly fuftre, and is compofed of 
agglutinated fcaly particles; it ftains 
the fingers, and is very unftuous to tlie touch* 
It is found at Sylvain Piedmont; near Frcy- 
berg in Saxony; and at Meronitz in Bohemia* 
It has fometimes been confounded with agaric 
mineral. 

2. Su^. Common Talc* Venetian Talc. 
Its colours are greenifli white, pale apple- 
green, filvery-white, leek-green, and reddifh or 
yellowiih white. It occurs in mafs, diflemin- 
ated, and very rarely cryftallized, in minute 
hexagonal tables coniufedly grouped together* 
It has a confiderabiy (hining pearly luftre, pafs- 
ing into femi-metallic. Its fra£fure is curved 
and undulatingly lamellar; its fragments are in 
the form of plates or wedges. It occurs fome- 
times in granular difiinS concretions. It is 
traiillucent and in thin plates tranfparent; is 
foft, fe£^ile, flexible but not elaftic, un6buous 
to the touch. It is infufible before the blow- 
pipe without addition. According to an analyfis 
by Hoepfer it confifts of 
' 50. Silex 

44. Magnefia 
6. Alumine 

lOO* 

It is rarely found except in primitive moun- 
tains particularly forming beds atid veins in Ter- 
pentine, accompanied by adynolite, fteatite, 
&c* It abounds in the mountains of Tyrol and 
Salzburg, whence it was brought to market at 
Venice, and from this circumftance received 
the name of Venetian talc* It is alfo found at 
Zbblitz in Saxony, in Silefia, and otlier places; 

It is^employed as abafis for coloured crayons, 
and for the fineft rouge. 

3. , SubJ^. Indurated Talc* 

Its colour is greeniih-white of different de- 
nees of intenfity, allb fnow white, and yel- 
bwilh white. 


It occurs in mafs. It has a brie(htly (hining 
luftre, between pearly and greafy, paffing 
fometimes into femi-metallic. Its frafture » 
curved, lamellar, pafling into flaty, or coarfely 
radiated* Its fragments are ufually in the form 
of blunt edged plates* It is tranflucent, and in 
thin pieces, femi-tranfparent; is very foft; fee-* 
tile; fmooth and unftuous to the touch* 

Its conftituent parts, according to Hoepfer^, 
are, 

38.54 Magnefia 
38.12 Silex 
6.66 Alumine 
Owfi Lime 
15.02 Iron 

98-79 

It forms beds in mountains of argillaceour 
and micaceous fchiftus, of gneifs and the neweft 
Terpentine. It is accompanied by aflynolite,. 
calcareous fpar, bitter fpar, pyrites, and mica. 

It appears to form an intermediate link he^ 
tween fteatite and potftone. French chalk, 
(craie de Briancon) by feme mineralogifta^ 
referred to this (pecies. 

It is found in the Alps, in Stiria, Auftria* 
and Hungary, and according to Jamefon in 
Breadalbane, and the Shetland Iflands in Scot-^ 
land. 

TALCTTE of Kirwan. See Talc earthy^ 
TAN OR TANNIN. \ 

TANNING, (the Art of ) f 
The. general properties of tannin particularly^ 
as connefled with the art of tanning, have been 
deferibed pretty fully under the articles Lea- 
ther and Gelatin; and the properties of the 
compound of tannin, gallic acid, and extra£k,< 
with various earthy and other falts, which exifts 
in the infufion of aftringent vegetables, have 
been given under the article Galls, to all of 
which wc mull refer the reader. It will be* 
propegr however in this place llightly to recapi- 
tulate the general properties of tannin, the me- 
thods by which cnemifts have endeavoured to- 
obtain it pure, and thofe by which its .relative- 
proportion to the other contents of aftringenti 
infulions have been eftimated. We (hall alfo add*, 
an account of the late experiments by which 
Mr. Hatchett has produced a fubftance clofelyr 
refembling tannin. 
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The fubftance called tan or tannin, is diftin- 
guiihed by its ftrong aftriiigent tafte, by a pe- 
culiar ' fmell, by forming, immediately with a 
folution of gelatin a whitifli compound iiifolu- 
ble in water and alcohol, and by uniting to 
animal ikin (which is chiefly gelatine in a con- 
denfed (late) immerfed in it, rendering it 
harder, lefs pervious to water, and no longer 
fufccptible of putrefadion, Thefe are the pe- 
culiar advantages procured by the art of tan- 
ning which has been deferibed under the article 
Leather. 

It is not certain whether we Ijave ever pro- 
cured pure tannin, (at lead the natural tannin) 
for all the parts of vegetables that contain it 
alfo give out on infuflon a quantity of extra£l, 
fometimes mucilage, often gallic acid, befldes 
fome faline fubftances, and as the chemical dif- 
ference between fome of thefe bodies appears 
but flight, and as all folubic livegctable matter 
pofTeifes many properties in common, it is ex- 
tremely difficult to obtain any one of them 
feparate. 

Prouft* who has made many refearches on 
tannin, gives the following method of obtain- 
ing it from the deco£bion of galls* 

Pour into the deco£lion a mlution of muriat 
of tin, which will give a copious yellow preci- 
pitate. Separate this by filtration, and when 
well wafhed it will confill (as he aflerts) of all 
the tannin united to the oxyd of tin. To fepa- 
rate thefe two, difFufe the precipitate in water, 
and pafs a current of fulphuretted jiydrogen 
gas tnrough the liquid. By degrees an infoiu- 
ble hydro-fulphuret of tin will be precipitated, 
and the tannin, now feparated from the oxyd, 
will refume its folubility and diflblve in the 
fluid, giving it the acerb tafie, and peculiar 
fmell of the decoftion of galls after the excefs 
of fulphuretted hydrogen has been expelled by 
boiling. This folution lathers like foap water 
on agitation, and when concentrated by boiling 
it depofits a brown powder on cooling, which 
is re-diflblved by heat. When evaporated to 
drynefs it leaves a dry, brown, friable, refinous 
looking mafs like aloes, which does not deli- 
■ quefee, has an intenfely acerb tafte, rediflblves 
in water and alcohol, and then gives an imme- 
diate precipitate with the folutions of gelatine, 
which is the molt charadteriltic property of 
tannin. 

The clear liquor that remains in the firlt 
part of this procefs (that is after addinp; muriat 
of tin to the decoftion of galls) contains gallic 
acid and muriat of tin* 

* An. Cbiau tom. %$. * Ibid. tom. 4s. 


Such was the original procefs of this ingeni- 
ous chemift,^ but fubfequent experiments con- 
vinced him that it was by no means fo accu- 
rate as he had at firil fuppofed, for the oxyd of 
tii\ has fo ftrong an afiinity for other vegetable 

{ principles and particularly for extraft, that this 
iibftance when prefent (which it generally is) 
accompanies the tannin in its precipitation witn 
the oxyd of tin, and alfo in its fubfequent foiu- 
tion in water after the oxyd has been removed 
by fulphuretted hydrogen. A part alfo of the 
compound of tannin and oxyd of tin remains 
in folution inftead of precipitating, fo that this 
method of eftimating the Iproportional quantity 
of tannin in any folution would be liable to a 
double error. 

M. Prouft alfo tried the eflefl: of fimply agi- 
tating the decofStion of galls with the oxyd of 
tin ( made by nitric acid and kept under water) 
which in a few days abforbed all the tannin, 
but it equally took away the extradi,^ leaving 
the fupernatant liquor nearlv clear. He alfo 
found that in this way the gallic acid, and part 
of the tannin were deftroyed, that is, changed 
in fuch a manner, that their re(pe£iivc diftin- 
guiffiiiig properties were loft; fo that on the 
whole not much advantage can be exped):ed. in 
thefe experiments, from the ufe of this power-' 
ful chemical agent. 

Another method^ propofed by the fame che- 
mift of obtaining what he conceived to be pure 
tannin, was to pour into an infufion of galls, a 
folution of potalh thoroughly faturated with 
carbonic acid, fuch as the cryftallized carbonat 
of potaili is, which produces a ycllowifli white 
curdy precipitate of the fubftance in queftion. 
The liquors Ihould not be too dilute, nor the 
precipitate waffied^ with too much water, as it 
is foluble in water, though fparingly* This 
precipitate dries but flowly, but when fpread 
over any fmooth furface, in thin layers, and 
ftoved, it becomes a brittle refinous yellow 
mafs. This fubftance diftilled per fe gives a 
faline liquor with an ammoniacai fmell, which 
blackens the folutions of iron, and alfo a little 
thick butyraceous oil, and leaves a bulky coal.^ 
Mr. Davy however, on repeating thefe expe- 
riments, found that this precipitate did not ex- 
hibit the nroperties of pure tannin, as it wants 
the peculiar aftringent tafte, is but (lightly fo- 
luble in cold water and alcohol, and the folu- 
tion is not precipitated by gelatin till it is fatu- 
rated widi an acid. It alio gives by incineration 
a confiderable quantity of carbonat of potafhjt 

c Ibid. tom. 35. * Phil. Tranf. for 1803. 
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mild fome carbonat of lime. * It alfo affords ipreatefl:^ in proportion as the folution of tannin 
gallic acid by diftillation moft concentrated. 

From thele and other fa£^s it appears that This circumftance introduces an unavoidable 
this precipitate is not pure tannin, but is a very fource of error, for though an uniform (land* 
compounded fubilance containing tannin, gallic ard of ftrength may be adopted for the gelatin, 
acid, alkaii> and lime, and perhaps extmd. by dillblving a given quantity of ifinglafs 
The prelencc of alkali is peculiarly indicated, (which is nearly pure gelatin) in a known bulk 
by the circumftance of its affording no precipi- of water, it is impoluble to make an equally 
tate with gelatine till faturated with an acid, qniform folution of tannin from a compound 
which is precifcly the cffe£l produced in the vegetable fubftance. 

infufibn of galls by adding the cauftic alkalies. The proportions of ifinglafs and water em* 
as mentioned under the article Ga//s. ployed by Mr Davy are 6 grains of the former 

A compound of acid and tannin is produced to an ounce of liquid, which is nearly as ftrong 
on addin.c an acid to the infufion of galls as as can be made at a moderate temperature, 
has alfo been mentioned under that article, without being inconveniently ftiff and gelatin* 
This precipitate is tenacious like pitch, and ous. Care muft be taken not to add an over 
when It is waflied with cold water, rediffolved proportion of gelatin to the vegetable infufion, 
to faturation in boiling water, and a little car* lor when this happens, it appears that fome of 
bonat of potafti added to faturate the acid, the compound is diilblvcd in the mixture, as 
another precipitate takes ^lacc,* which now no lefs of it is precipitated. Probably therefore 
longer contains any acid, and is fuppofed by gelatin unites with tannin in diftbrent proporti* 
Frouft to be pure tannin. To obtain the whole ens, and the compound is only infoluble when 
of it, the remaining liquor fhou Id be evaporated the gelatin is in the inferior proportion. The 
and then allowed to cool, and the precipitate precipitate (hould always be dried at a tolerably 
waflied with cold water. uniform temperature fomewhat higher than 

This fubftance certainly contains the tannin that of the atmofphere. This precipitate is 
more approacliing to purity than in the former compofed, according to Mr. Davy, on an ave- 
cafe, but as extra£k is alfo known to be preci- rage, of about 54 per cent, of gelatin, and 46 
pitated by acids, it is probable that feme of it of tannin. There is much more tannin, how- 
ls alfo contained in this cafe, and befides it ever, in this compound, than in tanned leather, 
fiiews traces of gallic acid. or fkin faturated with tannin, though die con- 

From all that has been done on this fubjeft, ftituent parts are nearly the fame, 
it appears therefore that we cannot be certain 

tliat we have ever obtained pure tannin, free It remains to mention a very curious produc- 
from all other admixture; and it is equally cer- tion of tannin by artificial means from fub- 
tain that none of thefe methods can extra^ the ftances which do not naturally contain a particle 
whole of this fubftance from vegetable infufi- of it, lately difeovered by Mr. Hatchett,* and 
ons; fo that it is ftill the beft method, in ex- partially noticed in this volume under the article 
periments where the quantity of tan alone is Refin, 

required, to make ufe of the infufion of animal The ingenious author was led to the difeo- 

S elatin, and eftimatc the quantity of tan from very by purfuing his former experiments on 
le weight of the compound of tan and gelatin Bitumens and Bovey Coal^ and in particular on 
thus produced. their habitudes with nitric acid. When a pure 

With proper precautions, the gelatin only refin is digefted with this acid it is converted 
feparates the tannin from the vegetable infufi- into an orange-coloured vifeid fubftance, which 
ons; and this compound appears tolerably uni- at firft feparates, but by a further affufion of 
form in its nature, and in the proportion of its acid is rendered foluble in water and alcohol, 
conftituent parts, though we have not yet been On the other hand when a bitumen is treated 
able to feparate them without deftroying the in this^manner, the firft effeft of tlie acid is to 
charafleriftic properties of each. feparate this orange-yellow fubftance, and at 

In applying the folution of gelatin to infufi- the fame time to produce a very dark brown 
ons containing tannin, feveral circumftanCes folution. Now as the bitumens were (hewn by 
snuft be noted.^ It appears, in the firft place, previous experiments to confift of a refin 
that the mere dilution of the liquids influences holding a portion of uncombined carbon| 
the quantity of precipitate, this being the Mr. H. conceived that a f^aration of thefe 

Davy. > JPJuL Tranf. for iSoy Ic 6. 
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tvrq fubftances was efFeAcd by the acid, an4 
that the brown folution contained only the un- 
combined carbon ditfol^ed in nitric acid, whilfl 
the orange-coloured mafs was furnillied by the 
refin. This was confirmed by treating in the 
fame way amber, afphaltum, different fpecics 
of pit-coal, and laflty pure charcoal, all of 
which yielded the brown folution in abun- 
dance, particularly the charcoal, but only thofe 
fubllances that . contained bitumen depofited 
any of the orange-coloured mafs. The charcoal 
therefore yielded none of this latter, but difiblved 
compleatly in the acid, making a dark reddifli- 
brown liquid. This liquid was flowly evapor- 
ated to drynefs, and left a brown glofly fub- 
llance, witn a refinous frafburc, the properties 
of which are the following: 

1. It is Ipeedily diflblved by cold water and 
by alcohoh 

2. Its tafte is highly aftringent, 

3. Expofed to heat it fmokes but little, 
fwells much, and affords a bulky coal, 

4. The watery folution reddens litmus paper, 

5. The fame folution copioufly deconipofes 
the metallic falts, efpecially muriat of tin, ace- 
tite of lead, and red fulphat of iron, forming 
brown or chocolate-coloured precipitates. 

5 . It precipitates gold from its folution, in 
the metallic (late, 

7. It alfo precipitates the earthy falts. 

8. The fixed alkalies at firft only deepen the 

colour of the folution, but after a time render 
it turbid, ^ 

9. Glue or ifinglafs diflblved in water and 
added to the above folution forms an immedi- 
ate precipitate more or lefs brown according 
to the degree of concentration, which is info- 
luble in cold or boiling water, and appears 
clofely to refemble the i^ecipitate formed by 
adding gelatin to the infuuon of galls or other 
vegetable aftringents. 

From thefe fads it appears that whenever 
carbon, either as Ample charcoal or in natural 
mixture with refins in the form of bitumen or 
coal, is digefted in nitric acid, it is fpeedily dif* 
folved therein, and is then converted into a fub- 
ftance clofely refembling the natural Tannin^ 
from which mod of the excefs of acid may be 
feparated by cautious dryings and re-folution 
in water. 

This artificial tannin is probably purer than 
tannin procured in any way from vegetable in- 
f^ufions, being entirely free from gallic acid, 
.though fomethlfig refembling extrad is pro- 
4uced along with the tannin, 

FurUier experiments confirm the ftrong re- 


femblance of the artificial with the naturd 
tannin. When fulphuric acid is added to the 
artificial folution it becomes turbid, and a co« 

f iious brown precipitate fubfides, which is fo- 
ubj[e in boiling water, and then precipitates 
gelatin. Whci) carbonat of potafli is added, 
the colour is deepened, and a brown flocculent 
fubitance fubfides. 

Pure ammonia diflblves the artificial tan, and 
this folution gives no precipitate with gelatin 
till neutralized by an acid. In all thelc cir- 
cumilances it agrees clofely with the natural 
tannin. 

When a folution of artificial tannin, made by 
pure charcoal and nitric acid, is precipitated as 
much as poflible by gelatin, the fupernatant 
liquor yields by flow evaporation to drynefs, a 
light brittle cinnamon-brown fubfiance, with a 
ftrong odour refembling that of oak-bark, folu- 
ble in water, fcatcely afled on by gelatin, but 
precipitating the folutiohs of iron, tin, and 
lead, and which in fome degree refembles ex- 
tra£t; fo that this latter fubilancc appears alfo 
to be an artificial as well as a natural produc- 
tion. 

The chief, if not the only material, differ- 
ence which has hitherto been found between 
the natural and the artificial tannin is, that the 
former has its diftinguiftiing properties, parti- 
cularly that of precipitating gelatin, entirely 
deftroyed by digeilion with nitric acid; whereas 
the artificial kind is made by means of this 
acid, and refifts all further change by it, in any 
temperature, at leall for a confiderable Icngtn 
of time. 

It has been mentioned that when nitric acid 
is digefted with any fpecies of refin, if the 
latter contains no uncombined carbon, it is re- 
folved into an orange-coloured vifeid mafs, of 
itfelf infoluble in the liquid, but which may 
be diflblved by a further afFufion of acid. In 
this ftatc it gives no precipitate with gelatin, 
and therefore contains no tannin fully formed; 
but Mr. Hatchett found that on repeatedly ab« 
.ftra£ting the acid to di^nefs, the refidue be- 
came foluble in water, forming a clear yellow 
liquid, in which the prefence of tannin was 
then detected by the folution of ifinglafs. Any . 
kind of refin will yield tannin in this manner, 
as will fome of the gum refins that have beeh 
examined. This thimfore is a fecond mode of. 
forming the artificial tannin. The fimple nittous 
folution of indigo alfo gives a portion of t.snnin,^ • 
together with an intenlely bitter cryftallizable 
fubftance. * 

There is Hill another method of producing 
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which le by mentis pf fulphuric acid. When 
a refill is inimerfed in this acid it is fpeedily 
difiblvedt forming a brown-red folutionj which 
by continuing the digcftion turns co blacb* 
Heat is not ncceiTary to effefl the folutiont but 
haftens it. After a time much Ailphureous and 
carbonic acids are given out, and if after tliis 
the folution is copiously diluted with cold 
water a black mafs fubfides, which is partially 
fpluble in alcohol, and this alcoholic folution is 
totally' decom{>ofed by gelatin, and therefore 
contains an ^tificial tannin. It is not necefiary 
however to make a compleat folution of the 
refin in this acid, for if it is long digefted ^ith 
a fmaller quantity of the acid, the lame gaffes 
are given out, and - the refidue becomes con- 
verted into a black charred mafs^ from which 
tannin may be extra6\ed by alcohol. Not only 
the refins, but oil, wax, camphor, and many 
other inflammable fubffances will yield tannin 
by digeftion with fulphuric acid, but fome with 
much more eale than others. The tannin ap- 
pears to be the fame in all, and there appears 
to be a certain period of the procefs when the 
production of the tannin has arrived at its 
peateft quantity, after which a gradual dimi- 
nution of it taxes place, and it finally difap- 
pears, and the fubftance becomes mere coal. 

There is therefore this difference between 
the action of the nitric and fulphuric acid upon 
refins and other inflammable bpdies, which is, 
that the produ^ion of tannin by the former 
acid is an ultimate effeft, beyond which, no 
further change takes place by a continuation of 
the procefs; wheieas with tne fulphuric, it is 
only an intermediate product, which is loft on 
further digeftion. 

The tannin produced by fulphuric acid ap- 
pears alfo to be much weaker in energy than 
that formed by the nitric. 

From all thefe original and truly valuable 
experiments therefore, it a|mears that artificial 
tannin may be made in the following ways: 

1. By fimply diffblving in nitric acid, either 
pure charcoal, vegetable or animal, or vegetable 
compounds that contain naturally any quantity 
of uncombined charcoal, or in whicn charcoal 
has been produced by previous expofure to 
heat, or by fulphuric acid. In tliefe the quan- 
tity of tannin is dire£Ily proportioned to that 
of the charcoal folely. 

2. .By repeatedly abftra£ling nitric acid off 
moft or the refins, and fome other vegetable 
inflammables, whi^ is totally independent of 
any uncombined charcoal that they may con- 
Vthi* 

Journ, dm Phjf. 


3. By long digeftion of refins, oils, and fome 
other fubftances with fulphuric .acid, flopping 
the procefs before the ultimate elFc^ of the 
acid is produced, and extracting the tannin 
from the half-charred mafs by alc^ol. 

Further experiments are required to afeer- 
tain what difference there may be between 
thefe varieties of artificial tannin, and between 
thefe and natural tannin. With refpe£bto the 
latter queftion, one ftriking difference appears, 
which is, that the natural fpecies is totally de- 
compofed by nitric acid, whereas the artificial 
is both produced by it, ahd is not eafily, if at 
all, alterable by any continuance of its a£lion. 

TANTALIUM. 

Of this metallic fubftance, newly difeovered 
by Ekeberg, the following are all the particulars 
that have hitherto been publilhed. 

§• I. Ow of Tantalium, 

Sp. I. Ttotalite. 

The external colour of this mineral is iron- 
black, that of a recent fra£lure is fomewhat' 
lighter with a bluifh tinge; when pulverized it is 
a olackifh grey. It occurs imbedded in detached 
cryftals of the fize of a hazel-nut ; the form of 
the cryftals is an ill defined o£lohedron. Its 
fraflure is compa£t, and prefents a faint me- 
tallic luftre. It gives fparks when ftruck againft 
the ftecl. Sp. gr. 7*95 • 

Its component parts are tantalium, iron, and 
manganefe. 

It occurs near Brockaern in the.parifh of 
Rimito in the government of Abo ip Finland, 
in a vein of quartz and mica, traverfing a rock 
of gaanite. 

2. Yttrotantalite. 

The colour of this mineral when recently 
broken is iron black. It occurs in nodules not 
larger than a hazel-nut. Its fracture is com- 

E aS granular with a metallic luftre. It may 
e fcratched, though with difficulty, by a 
knife. The colour of its ftreak is greyiih. 
Sp. gr. about 5.1. ‘ 

It is compofed of tantalium and yttria. 

It occurs at Ytterby in Sweden, in a granite 
rock, accompanied by gadolinite.i 

§! 2 . Ph^tcal and Chemical Properties f . 
Tantalium is obtained from it s ore§ by treat- 
ing them alternately with cauftic fixed alkali, 
and muriatic or nitro-muriatic acid. The alka- 
line folution being fuperfaturated with an icid 
lets fall a white jpowder which is oxyd of tan- 
talium, the fpecinc gravity of which after ig- 
nition is =6.5. This ox:yd if ftrongly heated 
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in a crucible lined with charcoal is reduced 
into a button of moderate hardnefs with a 
flight metallic luflre fuperflcially, but internally 
blackifh and quite dull. The only afhion whicn 
the acids have on this regulus, is to reduce it 
to the (late of white oxyd. Borax and phofphat 
of foda, when aflifted by the blowpipe, dii^lve 
this oxyd, but receive from it no tinge of 
colour. 

TAR. See Turpentine. 

TAR, Mineral. See Bitumen. 

TARRAS. See Cements, Calcareous. 

TAR'fAR. Weinjlein. Germ. 

The fuhftance called Tartar^ is a hard, brittle, 
brown-red mafs, interfperfed with imperfe£Hy 
cryftaliizcd particles, which is depofited on the 
fides of wine-casks, during, and after fermen- 
tation of the grape-juice, in the form of a thick 
folid crud. In this (late it is alfo called Crude 
or Rough Tartar or Argol^ to diftinguifh it from 
that which is purified in the way that will be 
prefently mentioned. 

Tartar is not furniflied in equal quantity from 
all wines, but the more coloured and (tronger- 
bodied wines yield the mod. Tartar has a 
vinous and (lightly acid tafte. It confids of a 
large quantity of extra£live matter, fcarcely 
folublc in water, to which it owes its colour, and 
of a fait, quite white when pure, compofed of 
acid of tartar united to a fmall portion of potafh, 
lefs than is required for the faturation of the 
acid, but which in this proportion forms a 
didin£l crydallizable fait of confiderable im- 
portance in feveral arts and liianufafluree^ 

This fait when pure is called Purified Tartar^ 
Cream of Tartar j Cr^als of Tartar^ or with 
more preciflon, Acidulous Tartrite of Potafh^ or 
Super^Tartrite of Potajh* It is alfo called (imply 
Tartar^ but it is better to confine the term 
Tartar to the entire unpurified mafs. Tartar 
is not entirely a produA of fermentation, for 
it is contained in the Nltfl^ or grape-juice, and 
aflids in the procefs of fermentation and the 
produflion of alcohol. The fame fait in diffe- 
rent combinations, has alfo been found native 
in fome other vegetable juices. 

Crude tartar is ufed pretty largely as a flux 
in the affaying of ores. As it contains both 
alkali and carbonaceous matter, it a£ls both in 
afliding the fuflon of rcfradlory ores, and in 
reducing metallic falts and oxyds. When 
heateil per fe to rednefs in clofe veffels, the 
extraflive matter and the tartareous acid both 
become charred, and a black alkaline carbona- 
ceous mafs is the refulc. In open vcflels the 
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charcoal burns off totally, and at lad nothing 
but pure white carbonat of pota(h remains. 

But the greater part of the tartar is refined to 
extrafl the pure fait, which is performed largely 
in the South of France, near Montpellier, and 
alfo at Venice, and in two different methods. 

The Venetian is the following: ‘ The crude 
tartar is fird dried in an iron boiler, with a very 
gentle heat and frequent dirring, that the acid 
may not be burnt, and is then pounded id iron 
mortars. The ground tartar is then didributed 
into wooden tubs, and boiling water poured 
upon it, which diifolves the fait, and leaves a 
fediment which is thrown away. The clear 
folution is left three days at red, during which 
time it depolits brownifh crydals of tartar. 
The mother liquor from this operation is re- 
ferved, and is ufed hot in the uibfcquent pro- 
cefs in the fird lixiviation of the tartar, 'fhe 
brownifh crydals of tartar are then put into a 
copper boiler, with the mother-liquor of former 
procefles, and (lowly brought to boil, by which 
a faturated folution of a deep yellow wine co- 
lour is produced. This is clarified in the 
following way : a workman dands by the fide of 
the copper with a baiket of eggs, and a bucket 
full of finely fifted wood adics. He begins 
with breaking one of the eggs, and putting the 
white of it only into a bowl ; he beats this up 
with fome of tne boiling liquor, and then pours 
the whole into the boiler: he then inllantly 
throws in a ladle-full of the wood-aflies, and dirs 
up the liquor from the bottom. A brifk efFcr- 
vefcence takes place, and the furface is covered* 
with a red feum, which is carefully taken off 
with a perforated (kimming-difh and put afidc : 
a fecond portion of afhes is then added, and the 
efFervefcence and feum are renewed and treated 
as before. The whole of this operation is re- 
peated fourteen or fifteen times, alter which the 
liquor becomes quite clear and colourlefs. The 
fire is then withdrawn, and the liquor fufTcreef 
to remain perfedlly at red for three days. On 
the fourth, a dirty white fa line crud is removed 
from the furface, and two -thirds of the liquor 
laded out: the crydals on the fides are then 
collefled by a ladle and waflied in the remain- 
ing liquor; they are thus obtained perfectly 
clean, and require no further preparation than 
drying on a wicker frame. The crydals from 
•the bottom are dill fomewhat coloured, and are 
either fold as an inferior fort, or are refined again 
with frefh portions of the crude tartar. The 
liquor that remains in the boiler after the depo- 
fition of the crydals is a cold faturated folution 
PhyE tom. J, p. 67. 
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of tartar, and is employed in the firft lixiviation 
of the rough tartar. 

Tartar is refined near Montpellier in the 
following manner, according to the dcfcription 
given by M. Fizcs,** which has been found 
fo convenient and efficacious that little if any 
change has been made in it for a century.® 

The apparatus required for this purpofe is ift, 
a large copper boiler; ad, a (lone cidern, larger 
than the boiler; ^:;d, a number of glazed earthen 
pots (generally 27) which, together, hold fome- 
what more than the boiler ; 4th, foine drainers 
of coarfe cloth dretched on wooden frames; 
th, four final ler copper boilers which, together, 
old as much as the larger boiler, and are ufed 
in the refining part of the procefs ; and 6th, 
a mill to grind the tartar. 

The large copper is fird filled with two-thirds 
of mother liquor, remaining from the previous 
operations, and one-third of fpring water, a quan- 
tity of rough tartar is then thrown in, and when 
the liquor is faturated and boiling it is drained 
into the earthen pots. In about half an hour the 
liquor in thefe pots though dill very hot, begins 
to depofit cry da Is on the furface and (ides of 
the pot, during which time more liquor and 
tartar are thrown into the large copper as at 
iird. 

The liquor in the pots is then emptied into 
the done cidern, leaving the crydallized cruft 
of tartar behind ; and when the fecond boiling 
is faturated, the pots are again filled as before, 
and the large copper a^ain charged with the 
clear liquor from the ciftern, and fre(h tartar. 
By thus five times alternately preparing a hot 
faturated folution, and allowing it partially to 
depofit its tartar in the pots, the latter become 
lined to a confiderable thicknefs with a cruft of 
reddifh-white tartar, much purer than at firft,and 
which obviou(ly confids of an irregular crydal- 
lized faline ma($,and when wafhed with cold wa- 
ter is fit for the fecond, or proper refining procefs. 
For this purpofe the four fmall boilers are filled 
with water, in which a fmall quantity of clay is 
dKFufed, which renders it milky, rejefling the 
ftony and larger particles of earth. The half- 
purified tartar is then added in fuch proportion 
that the water when boiling (hall be fufficient to 
difiblve all the foluble part, and the ebullition 
is continued for a quarter of an hour ; the fire 
is then withdrawn, and the liquor allowed to 
remain at reft till the next day. It is then 
found covered on the furface witn a white hard 
faline cruft, and a fimilar cruft, but more dif- 
dn^ly crydallized, has concreted on the (ides 


and bottom of the boiler. They arc both very 
pure tartar, the cruft on the furface, which 
is an amorphous mafs, is called Cream of tartar^ 
anil the other, Croats of tartar, but they arc 
indiferiminately mixed. 

'Fhe cruft is then broken down and falls to 
the bottom, and the liquor, which is a clear pale 
red, is poured off" gently into the (lone ciftern, 
till it begins to run white owing to the clay 
at bottom, which latter portion paiTes into a 
feparate velTcl. The whole mafs of folid tartar 
left in the boiler is then waflied with cold 
water, till all the foulnefs (which is merely 
fupcrficialj is got out, and the water comes 
away quite clear, after which the purified tartar 
is taken out and dried on (loves or in the fun, 
and is perfeflly pure and white. The ordinary 
rough tartar yields about three- fifths of its 
weight of the white pure fait. All the residu- 
ary liquors are employed in fubfequent opera- 
tions in the way already mentioned. 

The above two procelTes of purifying tartar 
are confiderably finmle. Tartar confids of the 
pure fuper-tartrite of pota(h, or cream of tartar, 
united with a large quantity of extra6livc and 
colouring matter. Of thefe, the pure fait is 
entirely foluble in water, and much more fo in 
hot than cold water, but it requires a very large 
proportion of water for folution ; for even at a 
Doiling temperature one ounce of the faturated 
folution holds no more than 16 grs. or yV of its 
weight of the fait, and on cooling only three 
or four grains are retained in folution. Hence 
the neceflity of ufing a very large bulk of fluid iii 
die precedes of folution and cryftallization, and 
the advantage of employing the mother liquors 
or cold faturated folutions of former precedes. 
In each of thefe methods the tartar is firft 
confiderably purified by fimple folution, filtra- 
tion, and cryftallization, but the fubfequent part 
of the procefs di(Fers materially. In the Vene- 
tian method the white of egg is doubtlefs a 
very excellent, though fomewhat more expen- 
five, fubftance for clarification ; but the ufe of 
the wood-a(h is not very obvious, and would 
feem' to be fo far injurious as its alkali muft 
neutralize a portion of the tartareous acid, and 
dimini(h the quantity of purified tartar by con- 
verting a portion of it to tartrite of pota(h, or 
that combination of this acid and potalh in 
which the acid and alkali are in mutual fatu- 
ration, and which being very foluble would re- 
main in folution. Whether, as has been dated 
by feme, the alkali of the a(hej would render 
the whole mafs of purified tartar lefs acidulous 
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may be fomewbat doubted, for the fuper-tartrite 
of potafh appears in all expcriincnts to be a 
pretty uniform fait; and its little folubility, and 
the rcadinefs >vith which it fcparaies from its 
hot faturated folution, contribute to preferve its 
compofition unvaried in any mixture where 
it is produced at all. 

In the Montpellier mode of purification the 
earth ufed appears to be a tolerably pure clay, 
which readily diiFufes itfelf in water, and pro- 
bably any other white clay would anfwer as 
well. The efFe£k of the clay is to abforb to it- 
felf the mucilaginous and coloured extract, and 
to carry it down in the form of an infoluble 
fediment ; and when this operation is properly 
performed it appears on the whole to be fu- 
perior to the Venetian mode. The clay how- 
ever fiiould be free from any admixture of 
chalk, and (hould not effervefee with acids, for 
the chalk would readily neutralize that excefs 
of acid which is eflential to the compofition of 
cream of tartar, as is feen Jn the procefs where 
it is intentionally added to procure the tartareous 
acid, and will be deferibed under that article. 

Cream of tartar is a very valuable fait. It is 
chiefly ufed in dyeing, eipecially in giving the 
fcarlet and other modifications or the cochineal 
colours as deferibed under the article Dyeing* It 
is %lfo frequently combined with alum, as a 
mordant in fixing colours. An agreeable and 
very cheap acidulous drink is made by diflblving 
this fait in water. The other chemical pro- 
perties of this fait will be mentioned upder the 
articles TaUtkites and Tartareous Acid. 

TARTAR EMETIC. See Antimony. 

TARTAR Regenerated* See AcEfiTE qf 
Potajh. ‘ 

TARTAR. Salt of. A very pure Carhonat of 
Potajh is made by calcining cream of tartar 
either per fe or with nitre, whence the term Salt 
of tartar has long been, and dill is, very com- 
monly applied to the pured fub-carbonat of 
potadi in whatever way obtained, and fome of 
the falts with this alkali have had the name of 
tartar, as the following : 

TARTAR Vitriolated* See Sulphat of Pot^ 
mjh. 

TARTAR Soluble. See Tartrite of Potefb. 

TARTAREOUS ACID 

It was Scheele, whofe admirable ingenuity 
fird devifecl the method of feparating from 
cream of tartar the pure tartareous acid, and 
obtaining it in a folid crydaiiized form* 

H;s procefs, with flight variation, is tlie fol- 


lowing, which very clofely refembles the me- 
thod ufed by this chemid to obtain the Citric 
acid : diflblve any given quantity of cream of 
tartar in boiling water^ and whiJd boiling add 
gradually fome clean powdered chalk. A copi- 
ous eflTervefcence will arife, and the addition of 
chalk mud be continued till this ceafes, when 
the mixture may be fet by to cool. It then 
contains a white denfe fediment, which confids 
of the lime of the chalk, united with the excefs 
only of the acid of the cream of tartar; and 
the fupernatant liquor is therefore a folution of 
the cream of tartar deprived of its excefs of acid, 
or neutral tartrite of potajh^ or folttble tartar as it 
is alfo called, and which may be obtained cryf- 
tallized by fubfeqiient evaporation. W afh the 
precipitated tartrite of lime repeatedly with cold 
wafer, then put it into a glafs veflel, and add 
to it a diluted fulphuric acid, compofed of as 
much concentrated acid as is equal to the 
weight of chalk employed in faturating the 
cream of tartar, mixed with four or five times 
its weight of water. 

The fulphuric acid having a dronger affinity 
for the lime than the tartareous acid has, totally 
decompofes the tartrite of lime during a di- 
gedion of two or three days (or in a fhortcr 
time if aflided by a gentle heat) and the white 
fediment, though it does not alter its appear- 
ance, is changed to fulphat of lime, whild the 
fupernatant liquor contains naked acid of tar- 
tar. Then pour off the clear liquor, wafh the 
fulphat of lime to extrad all the adhering acid, 
and add the wafliings to the former liquor, and 
evaporate the whole (at fird with a boiling 
heat, and as it concentrates, w’ith a much 
gentler warmth) till it is of a thick fyrupy con- 
fidence, and then fet it by for fome hours that 
all the felenite which it may hold in folution 
may be depofited. Then again dilute the mix- 
ture with cold water fufficient to rediflblve every 
thing but the felenite, and flowly evaporate the 
folution to a fyrupy confidence, and after fome 
hours it will depofit the pure tartareous acid in 
crydals, which are generally pretty large irre- 
gular hexahedrons. Cream of tartar decom- 
pofed in this way by chalk (and therefore only 
partially) will yield about a third of its weight 
of the crydaiiized acid. This quantity how- 
ever mud not be taken as tlie proportion of the 
acid in cream of tartar, for much of the weight 
of the crydaiiized acid is water of crydalliza- 
tion, whereas the cream of tartar contains very 
little water. 

Some nicety of management is required to 
obtain the utmod quantity of the acid and with 
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the leaft repetition of the alternate folutions and 
evaporations. M. Lowitz^ finds that it is 
better to ufe a flight exccfs of fulphuric acid 
in the decompolition of the tartrhe of lime to 
enfure the total fep:?ratiori of the tartareous 
acid ; for if too little fulphuric acid were added^ 
the mixture would conlill of tartareous acid, of 
fulphat of lime, and of fome undecompofed 
tartrite of lime, which latter is readily foluble 
in an excefs of its own acid, fo that the clear 
liquor would not be pure tartareous acid, but 
a very acid folution of tartrite of lime, from 
which the pure acid would cryflallize with dif- 
ficulty. C 3 n the other hand, if there was any 
confiderable excefs of fulphuric acid it would 
produce equal inconvenience, both by diflblving 
fomo of the fulphat of lime, and alfo, when the 
acid liquor was much concentrated, by partially 
decompofing and colouring the tartareous acid 
and leflening the product. 

To afeertain whether the fulphuric acid has 
been added in due proportion, take out a little 
of the clear liquor remaining after the tartrite 
of lime has been duly digefted with the fulphu- 
ric acid, and having diluted it, drop in fome fo- 
lution of acetited lead as long as any precipitate 
falls down, which wi 1 therefore confilt either 
entirely of tartrite of lead, or of a mixture of this 
fait with fulphat of lead, according as there is 
or is not any excefs of fulphuric acid in the li- 
uor. Then add fome pure and moderately 
rong nitric acid, and, if the precipitate con- 
fifts merely of tartrite of lead, it will be redif- 
folved totally and immediately, and the folution 
will remain clear for fome hours. If the pre- 
cipitate contains much fulphat of lead mixed 
with the tartrite it will not be wholly redif- 
folvcd : but if only a fmall quantity of fulphat 
of lead be mixed with the tartrite it will firft be 
totally redillblved, and in a few minutes after 
will become fomewhat turbid. This latter is 
the exaft point to be defired, as it indicates a 
flight excefs of fulphuric acid, and the liquor 
•may be brought to this ftate by adding either 
more fulphuric acid, or fome referved tartrite 
of lime, according to circumllanccs. 

In the above mentioned mode of obtaining 
tartareous acid, chalk, or carbonat of lime, is 
ufed to decompofe the cream of tartar, which 
It docs merely by engaging the excefs of acid 
and leaving the remainder of the fait in the 
ftate of tartrite of potafh. But if quickdime 
be fubftituted to the chalk, the whole of the 
cream of tartar is decompofed, a much larger 
quantity of tartrite of lime, and confequentiy of 
r ^ An. Chim. Tom- 34. 


tartareous acid, is obtained, and the fuperna. 
tant liquor is a folution of cauftic potafh. It 
has been found however by Vauqiiclin, that tlie- 

{ )ota(h retains a fmall quantity of tartrite of 
ime in folution, fo that when the alkaline li- 
quor is evaporated nearly to drynefs it gelati- 
nizes by cooling, owing to the reparation of this 
calcareous fait. It may be decompofed by cav- 
bonat of potafli or foda, winch produces car- 
bonat of lime and tartrite of the alkali em- 
ployed : or the tartareous acid may he deftroyod 
by calcination, and the lime, carbonated in the 
procefs, will remain. 

In ufing lime to decompofe cream of tartar, 
the quantity to be added is not fo readily afecr- 
tained as with chalk, where the cefllitioii of the 
eflervelbcnce is the fign of the faturation of the 
acid. 'Where the lime is well burnt and of uni- 
form purity, a little experience will guide the 
operator witli fullicicnt certainty. Calculating 
from the obferved pvf'portions of acid in the 
tartar, and of clialk required in tlie firfl-mcn- 
tioned procefs, and of pure lime in chalk, we 
may eft i mate tluit all the acid in 100 parts of 
cream of tartar (which I'henard ® reckons at 
57 per cent.) will require full 42 parts of pure 
lime for its faturation, and fomewhat more lime 
ftiould perhaps be added to enfure the complete 
decompofition of the tartar. 'The lime ihnuld 
be previoufly flacked and mixed with fuHicient 
water to bring it to the confiftence of pafte. 

l^owitz has propofed another method wliich 
is perhaps preferable in every refpcbV, except 
that it is fomewhat more expenfivc, and that no 
cauftic alkali Is obtained. It confills firft in 
decompofing the cream of tartar by chalk in 
the ufual way, added .is long as any eflcrvcl- 
ccncc takes place; and tl.cn pouring into tl;c 
iiltercil. fupernatant liquor inuriat of lime as 
long as any pitcipitate failp dov/n. By ll.is 
means the tartrite of potafli in the liquor is to- 
tally decompc)fed, miirlat of potafli remains in 
folution, and the precipitated tartrite of lime is 
added to that produced by tJic chalk; and both 
are afterv ards dccqmpofeil by fulphuric acid in 
the ufual way. "I'hc lame clieniift alfo advifes to 
add to the folution of tartareous acid in the laft 
part of the procefs a quantity of Charcoul ptiwder, 
the depurating power of whicli has been men- 
tioned under tJiat article, d his, bow'over, is cer- 
tainly not eflential to tbc obtaining a perfeb^tly 
fine colourJcfs cvyftallizcd acid, and, we believe, 
is fcldoin if ever ufed. 

Tartareous acid has a ftrong and (imply acid 
tnftc, and is foluble in five or fix parts of cold 
* An. Chim. Tom. 41. p. 51. 
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water, and in much lefs when boiling. The The origin and niianufadure of this fait hat 
cryllals are permanent in the air. been mentioned under the article Tartar. ^ It is 

When heated per in a retort with a receiver compofed of potafli and tartareous acid in ex- 
this acid melts, boils up, and exhales a four cefs, and hence has an acid talle and reddens 
pungent vapour, which condenfes in the re- blue vegetable colours. It is foluble with great 
•ceiver into a . red acid cmpyreumatic liquor, difficulty, requiring about 30 parts of boiling 
equal to about a quarter of the weight of the water, and fuM 1 20 parts of cold water, and 
tartareous acid. hence a hot faturated Iblution begins to depofit 

This liquor has a pungent acid and empy- crydals alnioit immediately after it begins to 
rcuniatic talle, ilrongly reddens litmus, and cool. 

cflcrvefces with the alkaline carbonats. It is The affinity between the tartareous acid and 
called the Pyrotartnreous acid, which has not that proportion of potafh which conftitutes the 
been much examined. The other produ£ls fuper-tar trite, is fo great that the acid of tartar 
from the didillation of tartareous acid, are a will decompofe, partially or totally, all the neu- 
large quantity of carburetted hydrogen and car- tral li\lts of potafli, even the fulphat. But on 
bonic acid gas, and a foft fpongy coal is left in the other hand, the affinity between the fuper- 
the retort, which, heated in the open air, burns tartrite and that additional quantity of pota(h 
with fcarcely any refidue. which is neceflary for complete faturation of 

The tartareous acid, befldes being found na- this acid, (or which conditutes the tartrite of 
tive in fome vegetable juices, and in the depofit potafli,) is much weaker than that of mod other 
from wine during and after fermentation, is acids for potafli, and hence arifes a great num- 
alfo produced by the a£lion of nitric acid on ber of decompofitions when tartareous acid, 
alcohol. A further digedion of tartareous with potafli, and ai^ other acid are mixed in dif- 
nitric acid converts the former into oxalic acid, ferent ways. .Thus if a folution of tartareous 
and a dill further digedion changes the whole acid is poured into a folution of fulphat of pot- 
of the vegetable acid into vinegar. Thefe cu- afh, rather concentrated, in a few feconds the 
rious experiments which were at firft noticed mixture becomes turbid, and foon a quantity 
by Scheele, have been more fully examined by of a white granular powder falls to the bottom, 
Hermbdaedt and other chemids, and are de- which is cream of tartar, and may be didin- 
tailed under the article Acetous acid (p« 4.) piifticd as fuch (when rinced with cold water) 

The compounds of the tartareous acid with by feeling hard and granular in the mouth, 
the alkaline and earthy bafes, will be mentioned with a lughtly acidulous tade, being much 
in the following article. more foluble in boiling than in cold water, and 

This acid is compofed, according ^to Four- when heated by the blow-pipe, blackening, 
croy ^ and VauqucHn, of 70.5 of oxygen, 19 fwelling up, and finally being reduced to a glo- 
of carbon, and 10.5 of hydrogen, and differs bule of pure carbonat of potafli. The fuper- 
from the oxalic acid in containing more carbon natant liquor confids of the remainder of the 
and lefs oxygen. The order of affinity of this potafli of the fait, united with the whole of tlie 
acid for the fcveral bafes is (according to The- fulphuric acid, and no further addition of tar- 
nard) lime, barytes, drontian, potafli, foda, am- tareous acid will complete the decompi iition. 
monia, magnefia, and alumine. Two acidulous falts therefore are produced in 

TAR I'Rl TES. this cafe, the fuper-tartrite and the fuper-ful- 

The didiiifl: combinations of the tartareous phat of potafli, of which the former is modly 
acid with the fevcral bafes, are particularly nu- precipitated, and the latter remains in folution. 
merous, as with fome it forms two falts, dif- On the other hand, a produAion of cream of 
fering in the proportions of acid and bafe, and tartar takes place when dilute fulphuric or any 
as it is peculiarly liable to form triple falts in other acid is added to tartrite of potalh. The 
which two bafes are united with their refpe£live acid added takes away from the tartrite onlj 
portion of acid into one uniform compound. that quantity of potafli which makes the dif- 
All the foluble alkaline and earthy tartrites ference between the tartrite and the fuper-tar- 
are decompofed by the falts of lead, and the trite, and the latter is precipitated, and is not 
acid of all is deftroyed by calcination, leaving further adled on by anv excefs of the fulphuric 
the bafe in the ftate of carbonat. acid. This property of the tartareous acid, of de- 

SUPER-TARTRITE OF PoTASH. Cream of compofing the neutral falts with the bafis of pot- 
Tartar. Tartareous Acidulum. alh, is very ufeful in analyfis, as it diainguiflxei 

* Syftcme, A;c« 
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them at once from the correfponding falts of 
foda and ammonia^ which are not decompofed 
in the fame way. 

- By faturating the excefs of acid in cream of 
tartar with the feveral bafes (potafh excepted^ 
various compound or triple falts are produced^ 
which will be mentioned prcfently. 

To obviate the inconvenience fometimes 
produced by the very fparing folubility . of 
cream of tartar^ Lemery has recommended the 
addition of borax. But as this latter fait con- 
tains an excefs of alkali, it is obvious that the 
acid of the tartar would be neutralized, and a 
very different fait would be produced, namely, 
the tartrite of potafh and foda, or Rochelle 
fait, which will be prefently deferibed, and 
which of itfelf is highly foluble without the 
alliftance of borax. It appears however that 
(imple boracic acid^ has the power of render- 
ing four times its weight of cream of tartar 
foluble in as little as nve or fix parts of hot 
water, and probably without effe&ing any de- 
compofition of the tartar, fince the boracic 
acid U known to be remarkably weak in its 
aflinity for the feveral bafes. 

If a folution of cream of tartar in water is 
expofed to the air for a length of time, it gra- 
dually becomes turbid, a number of mucous 
flocculi are depofited, and in the courfc of 
fome months it ceafes to be acidulous, after 
which it becomes fenfibly alkaline to the tafte 
and to chemical tells, and it is finally con- 
verted into a weak folution of carbonat of pot- 
afh, the tartareous acid totally difappearing, 
and carbonic acid taking its place. Fire ope- 
rates a more rapid deilrudlion of the tartareous 
acid, for if cream of tartar is calcined in an 
open fire with a red heat, it firil foftens» black- 
ens, becomes of a pafly confiflence, the acid 
burns off with flame and fmoke, and finally a 
white carbonat of potafh is left. The alkali 
procured in this way is very pure, and is often 
obtained for the laboratory by moiflening 
crude tartar or cream of tartar to the confift- 
ence of flifT pafle, wrapping up fmall parcels 
of it in brown paper, and arranging them in a 
grate or furnace of any kind with charcoal, and 
kindling it. After the charcoal has burnt out, 
the tartar is converted into lumps of carbonat 
of potafh, which flill cohere, and may be rea- 
dily picked out of the afhes of the charcoal. 
A very pure carbonat of potafh may alfo be 
made by deflagrating in a red-hot crucible 
equal parts of nitre and cream of tartar. 

This fait is cc^pofed, according to The- 


nard,^ of 57 per cent, of tartareous acid, and 
33 of potafh, the remaining 10 parts being 
cniefly water of cryllallization. Of thefe 57 
parts of acid, 20 are in excefs, fo that the 
compolition of the fait may be flated, in a dif- 
ferent manner, to be 70 per cent, of tartrite 
of potafh, and 20 of tartareous acid. The 
mode of analyfis will be mentioned in the next 
fe£lion. 

Cream of tartar is decompofed by lime and 
barytes, and probably by flrontian, and caullic 
potafh is left in the folution. 

Tartrite of Potash, or Soluble Tartar. 
Tliis fait, which is compofed of tartareous acid 
and potafh in mutual fatu ration, is prepared 
the mod conveniently by. adding cream of tar- 
tar to a hot folution of carbonat of potafli. A 
brifk efTervefcence takes place, and the addition 
of the cream of tartar ftould be continued dll 
this ceafes, after which the folution fliould be 
boiled down till a pellicle appears on the fur- 
face, and then left to cryllalHzc by cooling. 
The tartrite of potafh then feparates generally 
in the form of parallclipepids, with dihedral ' 
fummits. When this fait is prepared in the large 
way for medicinal purpofes the evaporation is 
continued nearly to drynefs, with frequent flir- 
ring, by which the fait is obtained in a ihapclefi 
granular mafs. 

Tartrite of potafli has a bitterifli faline taflc, 
is fomewhat deliqucrcent, and is foluble in 
about four parts of coUl water, fo that in folu- 
bility it remarkably exceeds cream of tartar. 

It is partially decompofed by the ftronger 
acids, which abflrafl a portion of its alkali^ 
whilfl the whole of the tartareous acid remains 
in union with the remaining alkali iii the form 
of crean\ of tartar, as already mentioned in the 
preceding fcdlion. Tartareous acid dropped 
into a moderately flrong folution of tartrite of 
potafh alfo caules an immediate depofit of 
cream of tartar. 

Tartrite ^of potafli contains, according to 
Thcnard,* 48 per cent, of tartareou.s acid, and 
43 of potafh, the rcfl being cliiefly water of 
cryflallizatton. This he cllimatcs, ill, by beat- 
ing the fait to perfe£l drynefs, avoiding its dc-- 
compofition ; ad, by diflijlvinjiT the remainder 
in water, and decompofiiig it by acetited Icad^ 
and colle<£ling the tartrite of lead thus pro- 
duced, (which laft by previous experiments, ho 
finds to conflfl of 34 per cent, of tartareous 
acid, and 66 of oxyd of lead) ; and, 3d, by 
evaporating the remaining folution of acetitc of 
potafli to drynefs, calcining it, diflblving the 


s Laflouc. ^ An. Chinivtom 41. ^ Ibid., 
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rcndual carbonat of pota(h In nitric acul, and 
converting it to nitrat of potalh, which laft he 
clliinates to contain S3 per cent, of potafli. By 
the id procei’s therefore the water of cryftalli- 
zation is afeertained; by the 2d, the tartareous 
acidj and by the 3d, the potalh. 

Tartrite of Pottijh and Soda* Salt of Seignette* 
Rochelle Salt* 

'Phis is a triple cryftallizablc fait fir ft difeo- 
vered by a perion of the name of iSeignettc, at 
La Rochelle, and introduced by him into medi- 
cine.' It is prepared in the following way: boil 
fvme water, throw into it about a fifth of its 
weight of cream of tartar, and then add by 
degrees a quantity of carbonat of foda, as long 
as any eflervefccnce is excited. In proportion 
as the excefs of acid in the cream of tartar 
becomes faturated with the foda, the fait gra- 
dually difappears, and is finally held in perfe£t 
folution in the liquid. Evaporate the whole to 
the confiftence of fyrup, and by cooling it will 

i ricld the triple tartrite or Rochelle fait, in 
arge tranfparent beautiful cryftals, generally 
of the form of eight-fidc<l prifnis. 'riicfe are 
often found divided longitudinally through the 
axis. 

This fait is perfcfkiy neutral, difiblves in 
about five parts of water, lias a bitterifh faline 
tallc, and lomewhat efllorefces by expofure to 
the air.. It is totally dccompofed by barytes 
and lime, and the fupernatant liejuor then con- 
tains a mixture of potafh and foda. It is com- 
pofed, according to Vauquelin, of about 54 per 
cent, of tartrite of potaih and 46 of tartrite of 
foda. 

It is decompofed, like the fimple tartrite of 
potaih, by the ilrongcr acids, and cream of 
tartar is produced. 

7 art rite of Potafh and Anwt'jfiia* 

This triple fait is prepared in the fame gene- 
ral manner as the preceding, by faturating the 
cream of tartar with carbonat of ammonia; and 
by evaporation and cooling the triple fait is 
feparated. When expofed to riic air it efllo- 
refccs, and after a time lofcs its ammonia, and 
returns to the ft ate of fimple cream of tartar. 
Tartrite of Potajlo and Limey Barytes y ilfc* 

ITougli lime will compleatly decompofe any 
alkaline tartrite, as is Ihewn in the preparation 
of the tartareous acid, there appears to exift a 
certain affinity between tartrite of potaih and 
lime, which tends to the formation of a triple 
fait. Thus though fimple tartrite of lime is 
infolubic in cold water, no precipitate is pro- 
duced by the afFufion of a fmall quantity of 

i Thciurd. 


lime-water into a cold folution of tartrite of 
potafh, which muft therefore be owiifg to the 
tartrite of lime, then formed, being rendered 
foluble by the remaining tartrite or rather fub- 
tartrite of potafli. j Even when cream of tartar 
is as completely as poffible decompofed by lime 
in fubftance, in the proc(*fs of obtaining the 
acid the cauftic alkaline liquor, fupernatant 
over the precipitated tartrite of lime^ Hill holds 
a fmall quantity of the latter in folution, as has 
been remarked by Vauquelin, wffiich may be 
confidered as a triple fait of tartareous acid, 
lime, and potafli, the latter being in very large 
excefs. 

The fame applies to Jiarytes and flrontian, 
the folutions of which do not immediately give 
a precipitate with tartrite of potafli; and even 
if tartrite of barytes or of flrontian recently 
formed and flill wet be put into a folution 
of tartrite of potafh, it is foon diflblved ; 
though the mere quantity of liquid prefent 
would be entirely unable to cfFefl a folution. 
There is therefore fuch a flrong affinity be- 
tween tartrite of potafh and thefe earthy tar- 
trites as may perhaps entitle us to confider 
thefe compound folutions as triple falts, though 
they have not been bbtained in a cryflallized 
form like the triple tartrite of potafh and foda. 

Aluminc unites with flill greater eafe withT 
tartrite of potafh : for when this earth, recently 
precipitated from alum by a cauftic or carbon- 
ated alkali, and flill wet, is transferred to a fo- 
lution of tartrite of potafli, it readily difiblves 
therein, and forms an uncryflallizable com- 
pound which is not rendered turbid by any 
addition of potafli or its carbonat. This laft: 
circumilance might lead to the fuppofition that 
aluminc has a flronger affinity for tartareous 
acid than potafli has, but it is contradifted by 
the fadl, that in this cafe there is not the leaft 
excefs of potafh in the liquid ; fo that the alu* 
niine does not difplace the alkali from the tar- 
tareous acid, but unites with them both into a 
triple compound. The Rochelle fait has the 
fame habitude wdth alumine as the fimple tar- 
trite of potafh, which therefore forms a qua- 
druple compound of tartareous acid, potafh, 
foda, and alumine. 

Tartrite of Soda. When the tartareous 
acid is faturated with foda, a fait is produced, 
which by due evaporation may be obtained in 
fmall needled cryftals, and is the tartrite of foda. 
This fait (with which the Rochelle fait was 
formerly confpunded) is not very foluble in 
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Crater. When tartrite of potaih is added to 
this faltf each in faturated folution, large cryf- 
«als' of the triple tartrite, or Rochelle fait are 
immediately depofited. 

Super^Tarirtte of Soda is formed by partU 
ally . faturating tartareous acid withfoda; and 
alio by adding a (Irong acid to the faturated 
tartrite, whicht analogous with the cream of 
tartar, is lefs foluble than the faturated' com- 
pound, and therefore precipitates. Tartareous 
acid however will not form an acidulous tar- 
trite (at lead ijot vifibly) when added to the 
fulphat and other falts of foda, as it will with 
die falts of potaih. 

Tartrite of Ammonia. 

This fait is formed by faturating the tartare- 
•us acid with ammonia or its carbonat. It 
crydalUzes readily, and is dccompofed by the 
fixed alkalies and alkaline eartlis. 

A Super^Tartrite <f Ammonia is formed in a 
iimilar manner to the fuper-tartrite of foda, 
and with the fame exception of the ' acid not 
vifibly decompofing the other ammoniacal falts. 

Earthy Tartritbs. 

. When tartareous acid is added to any foluble 
fait of lime, or lime to a foluUe tartareous fait, 
a white precipitate is produced which is the 
Tartrite of Lime. This earthy fait is infoluble 
in mere water at a common temperature, but it 
diflblves readily -in an excefs of its own, or of 
any other acid that does not decompofe it ; fuch 
as the acetous or muriatic. It alfo is rendered 
foluble in water by the addition of potaih as 
already mentioned under the head of Tartrite 
of potaih. When heated ftrongly in an open 
fire the whole of the acid is confumed, and 
carbonat of lime remains. 

Tartrite of Barytes and Strontian are formed 
in the fame manner as tartrite of lime. They 
are not however fo infoluble in water as this 
fait, and the tartrite of ftrontian will even cry* 
ftallize from its bot-faturated folution by cool- 
ing. 

With Magnefa and Alumint this acid forms 
very foluble compounds, which do not cryilaU 
lize by evaporation, but dry up into a gummy 
mafs. 

. Of all the tartrites, the cream of tartar is 
the only one employed in the arts, which, with 
the tartrite of potaih and Rochelle fait, is alio 
|ifed in medicine. .. 

TELESIA. See Corundum. 

VOL. u. 


TELLURIUM. 

Tellurium is a brittle metal, nearly as fufible 
as lead, and eafily volatilizable; it burns rapidly 
before the blowpipe with a greenifli-bluc fianie, 
^nd is not much more than fix times as heavy 
as water. 

§ I . Ores tf Tellurium. 

Tellurium has hitherto been found only in the 
native metallic ftate, and therefore, properly 
fpeaking, there is but one fpecies; as, however, 
it occurs in combination, or at lead mixed, with 
gold and other metals in various proportions, 
this fpccies may conveniently be divided into 
the four following fub-fpccies. i 

Sp I . Native Tellurium. 

I Sub/p. White native Tellurium.-— Grd/Vgrw 
Sylvan^ Worn. Tellure naiif aurifire et 
Hauy. Sylvane naiif Broch. Sylvanite^ Kirw. 
Aurum paradoxum^ or prohlematieum of the older 
writers. 

Its' colour is tin-white, pafling into filvier- 
white : it occurs mailive and difieminated : it 
poiTefles a (Irong metallic luftre: its.fraAure is 
foliated: it prelentd fmall granular diftii{£b con- 
cretions : it is foft and fligntly du£lilc. Sp. gr. 
5.7 to 6.1. 

Before the blowpipe it melts, inflames, and 
is for the mod part volatilized in the form* of x 
denfe white vapour, its component parts, acn 
cording to Klaproth, are • 

92.55 Tellurium 1 

7.2 Iron 
0.25 Gold: 


1.00 . . ^ : 

The proportion of gold in this fubdance 
liable to confiderable variation ; one {pcoimeu, 
examined by Klaproth, afforded him no Icfs 
than 9 per cent. 

It has hitherto been found only at Fatzebay, 
in Tranfylvania, where, it ha^ long been worked 
as a gold ore 1 it is xt prefent however very 
fcarce. It forms veins in tranfition mountains, 
particularly grauwakke and tranfition HmedonCr 
and is accompanied by •quartz, litbomarga, 
iron, pyrites, oiende, and galena. * 

It was for a long time midaken for auriferous 
antimony, to which: it bears a great refemblance; 

2 Subfp. Grey native Tellurium. — Sehrjftem^ 
Wem. Sylvane graphique^ , Broch. tellure 
natif graphique^ Hauy. Aujrum graphicum^ of 
the older writers. 

Its colour is light deel-grey. It occurs mafit 
five, and.crydallized in flattened tetrahedral or 
heziUiednd prifms, either with or without te« 

3 » 
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ftahedral fummits. The cryftals are fmall and 
arranged in rows, generally on the furface of 
fome other mineral : it not unfrequently hap-* 
penB> that to the extremities of the prifms are 
attached others, at right angles, giving the 
whole row the appearance of a line of Turkifti 
letters or Perfepolitan charaAers ; from which 
circumftance is derived the trivial name of this 
mineral* Externally it is fmooth, and (hining 
with a metallic luflre* Its fraAure is fine- 
grainedy uneven : its fragments are indetermi- 
nately angular, (harp-edged. It is foft, brittle, 
and eafily frangible. Sp. gr. 5.7a. It is com- 
pofed, according to Klaproth, of 
60 Tellurium 
30 Gold 
10 Silver 

loo* 

It occurs at OfFenbanya, in Tranfylvania, in 
veins in a mountain compofed of (ienitic por- 
phyry and granular lime-fbone, and is accompa- 
nied by quartz, iron pyrites, fahlerz, and 
blende. 

3 Yellow native Tellurium.— 

Si/vanerZf Wern. Silvane hlanc^ Broch. TV/- 
ture natif aurijeti ei plombifin^ Hauy. Gelberx^ 
Karften. 

Its colour is (ilver-white, inclining ftrongly 
to brafs-yellow, and fometimes to grey. It oc- 
f&urs diiTeminated, and in minute, imbedded, 
acicular tetrahedral prifms. Externally it has a 
bright metallic ludre, internally it is but feebly- 
(hining. Its longitudinal fracture is foliated, 
its crofs fraAure is fmall-grained, uneven. It is 
foft, and moderately brittle. Sp. gr. 10.67. 
Jt is compofed, according to Klaproth, of 

44.75 Tellurium 

26.75 Gold 

19.5 ^Lead 

8.5 Silver 
0.5 Sulphur 


100 • 

It is found at Nagyag, in Tranfylvania, in 
quartz and brown fpar, accompanied by the 
following fubfpecies, and by blende, fahlerz, 
and copper pyrites. 

4 Suyp\ Black native Tellurium. Nagyagerzj 
Wern. Silvane I amelleuxy Broch. Tellure natif 
murifere et plombiftre, Hauy. Blattererx^ Kar- 
ften. 


Its colour is between iron-black and deep 
lead grey. It occurs in mafs, difTcAninated, or 
cryftallized in tliin longifh hexagonal tables, 
ceilularly accumulated. Externally it is brightly 
(hining ; internally, lefs fo, with a metallic 
luftre. Its fradlure is curved foliated ; the 
mal&ve variety prefen ts coarfe-grained diftin£l 
concretions. It foils the fingers a little; is 
foft, fe£lile, flexible in thin laminx. Sp. gr. 
8.9. It is compofed, according to Klaproth, of 
54. Lead 
32.2 Tellurium 
9. Gold 
0.5 Silver 
1.3 Copper 
3. Sulphur 

100 • 

It occurs at Nagyag, in Tranfylvania, in a 
matrix of quartz and red manganefe, accom- 
panied by galena, iron pyrites, blende, anti- 
mony, fanlerz, and realgar. 

^ 2. Anal^s of Ores. 

The beft analyfes that we poflefs of the ores 
of Tellurium, arc by Klaproth ;* to whom in- 
deed the difeovery of this metal is principally 
owing. In order to decompofe the firft fub- 
fpecies, this excellent chemift purfued the fol- 
lowing method. 

(a) The ore, feparated as much as pollible 
from its ftony matrix, and finely pulverized, 
was digefted in fix parts of warm muriatic acid, 
to which were added, cautioufly and at inter- 
vals, three parts of nitric acid. The compound 
acid aAed violently on the ore, and took up 
the whole of it except the quart zoze matrix. 

(b) The acid folution being diluted with as 
much water as it would bear without decompo- 
fition, was combined with cauftic fixed alkali, 
upon which a copious precipitate fell down ; 
more alkali was then added, till the whole of 
the precipitate that was refoluble in this men- 
ftruum was taken up. There remained behind 
a dark-brown (limy relidue, confiding of the 
oxyds o^old and iron. 

fc) The relidue of b was then dififolved in 
nitro-muriatic acid, to which was afterwards 
added, drop by drop, nitrat of mercury, pre- 
pared in the cold, a$ long as the precipitate 
thus formed appeared of a brown colour. This 
precipitate, confiding of gold and muriat of 
mercury, was then pretty ftrongly ignited in a 
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crucible with borax, by which the mercury ^as 
driven oiF, and a button qf pure goU remained’. 

fdj To the nitro^muriatic solution r, was 
now added cauftic alkali, by which the oxyd of 
iron was thrown down. 

fe) The< alkaline folution i was accurately 
faturated with muriatic acid, and then heated, 
by which a white heavy powder was obtained ; 
which, after being wafhed in a mixture of equal 
parts of alcohol and water, and then gently 
dried, was pure oxyd of Teliurium, 

The fecond fubfpecies was treated in the fol- 
lowing manner. 

(а) The finely pulverized ore was digefted 
in nitro-muriatic acid till nothing more was 
taken up. 

( б ) The infoluble refidue, confilling of 
quartz and muriat of filver, was fufed with five 
times its weight of carbonated foda, bv which 
the Jilwr was obtained in the metallic (late. 

(r) The nitro-muriatic folution being con- 
centrated by evaporation, was largely diluted by 
alcohol, upon which the oxyd of Tellurium pre- 
cipitated; and this being re-difTolved in muriatic 
acid, was obtained in black metallic ilocculi, by 
means of a bar of polifhed iron. 

(d) The nitro-muriatic folution c, after fc- 
paration of the tellurium, contained only Wi/, 
which was procured by the addition of a iolu- 
tion of green fulphat of iron. 

The analyfis of the third fubfpecies was 
fomewhat more complicated. 

(a) 400 grains of the pulverized ore were 

digefted with nitric acid, till every thing foluble 
h, this fluid had been taken up. 

'(A) The nitrous folution was combined with 
muriatic acid, as long as any precipitation took ' 
place; by this there was obtained 51 grs. of a 
white powder, of which 41 grs. were again re- 
folublc in boiling water, Ine infoluble portion, 
amounting to 8 grs. was muriated River. 

(c) The folution containing the 43 grs. 
above mentioned, was concentrated by gradual 
evaporation, and afforded delicate needleform 
cryftals of muriated lead. 

(d) The refidue of a, infoluble in nitric acid, 
was then treated with nitro-muriatic acid, as 
long as any thing was taken up : the folution 
was mixed with the nitro-muriatic folution 
and reduced by evaporation till it ceafed to 
depofit muriat of lead: ii grs. were tlius ob- 
tained. 

(f) To the concentrated folution d, was ad- 
ded cauftic potafh in excefs, which threw down 
a copious blackifh-brown precipitate ; this being 
feparated^ the alkaline liquor was faturated 


with muriatic acid, and the white preciphatf 
thus obtained being again diflblved in muriatic 
acid, and then precipitated by means of a flick 
of zinc, afforded 85 grs. of metallic Tellurium. 

if) The blackifh-brown precipitate of e was’ 
diffblved In nitro-muriatic acid, and the liquor 
was nearly faturated with cauftic potafh ; ni- 
trated mercury was then added, till the pre- 
cipitate began to be white. This precipitate 
being feparated by the filter, and wafhed, the 
filter, with its contents, was ignited in a cru- 
cible, and a little nitre being added, the fire was 
increafed, and a button of pure gold was thus 
obtained, weighing 50.75 grs. 

(g) The remainder of the nitro-muriatic 
folution y* was faturated with carbonated potafh, 
and a precipitate was obtained, confiding of 
oxyd of manganejey mixed with carbonated 
lime and a little alumine and oxyd of iron. 

{h) The infoluble refidue of d, weighing 
iao.5grs. and confifting chiefly of quartz, was 
gently heated, by which it loft about 1 gr. 
which was fulphuri being then mixed with four 
times its weight of carbonated potafh, and fufed, 
there was obtained a button or Jilver^ weighing 
to. 1 25 grs. 

The fourth fubfpecies was analyfed in the 
following manner. 

{a) 1000 grs. of the pulverized ore were 

digefted with 10 oz. of muriatic acid, to which 
was added, by degrees, a little nitric acid : this 
being poured off, 5 oz. more of muriatic acid 
were added, by which every thing foluble in 
this menftruum was taken up: to the filtered 
folution boiling water was added, to re-diilblve 
the muriat of lead which had begun to be de- 
pofited. 

{h) Of the infoluble refidue a part had co- 
hered into a mafs, and was for the moil part 
fulphur, weighing 17.5 grs.; being gently ignited, 
it left behind 3.5 grs. of a blackifn matter 
which was diflblved in muriatic acid, and added 
to the foregoing folution. Hence the fulphur 
of the ore amounted to 14 grs. 

[c) The remainder of t& infoluble refidue 
was for the moft part quartz, and weighed 
440.5 grs. Being melted with four times its 
weight of carbonated potafli, there appeared, 
on breaking the mafs, a few globules ot filver, 
amounting to about 2.5 grs. equivalent to 3.5 
grs. of muriated filver ; fo that the quartzoze 
matrix Was equal to 437 grs. 

{d) The folution a being concentrated by 
evaporation, cryftals of muriated lead were de- 
poflted, to the amount of 330 grs. equivalent 
to 248 of meullic lead. 

3 F 2 
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(e) Having thus fcparated the lead, the re- 
mainder of the folutioii was largely diluted 
with alcohol, by which a white oxyd of Tellu^ 
rium was thrown down. Xhis oxyd being re- 
diflblved by muriatic acid, and again preci- 
pitated by caullic foda, afforded 178 grs. of 
oxyd, equivalent to 148 grs. of rcguline tel- 
lurium. 

The alcoholic folution was next diftilled 
by which the alcohol was feparated ; the refi- 
dual fluid being diluted with water, was treated 
-with nitrat of mercury, in the way already dc- 
fefibed, by which a button of gold^ weighing 
41.5 grs. was obtained. 

(g) 'Fhe refidual fluid oi f was faturated 
with carbonated foda and boiled, by which a 
bluirti-grcy precipitate was obtained : by digef- 
tion in muriatic acid it diflblvcd^ and oxy- 
muriatic acid gas was produced : the muriatic 
folution being then fuper-faturated with carbo- 
n.atcd ammonia, there was depolitcd carbonated 
vianganefey mixed with iron^ to the amount of 
92 grs. 

Qi) The ammoniacal folution was of a blue 
colour, upon which it was fuper-faturated with 
fulphuric acid, and a plate of iron being im- 
•merfed in the fluid, there was dcpofitcd 6 grs. 
of copper* 

5 3 . Phyfical and Chemical Properties* 

Rcguline tellurium may be obtained by 
heating the white oxyd of this metal in contaft 
with carbonaceous matter : but as tellurium is 
both eafily volatilizable and readily inflammable, 
certain precautions are neceflary to enfure the 
fuccefs of the experiment. If the reduction is 
attempted in a crucible, in proportion as the 
metal is deoxydated, it rifes in vapours through 
the luting, and burns with a blue flame j fo that 
by the time the oxyd is reduced, the metal will 
have efcaped. In order to faccced perfedly, 
the following method muff be purfued ; the 
oxy<l, being previoully well mixed with 8 or 9 
per cent, of charcoal powder, is to be put into a 
Iniall glafs retort with a receiver adapted, -and 
heated gradually to a low ftate of ignition : as 
foon as it arrives at this point, a fudden and 
confiderablc produff ion of carbonic acid takes 
place, a little of the mixture pafles into the 
receiver, and metallic globules will be obferved 
adhering to the neck of the retort, as in the 
dillillation of mercury. The apparatus being 
then cooled flowly, the tellurium wdll be found 
at the bottom of the vcflcl, with a clean bright 
cryflallxne furfacc, perfeffly reduced and un- 
mixed with charcoal. 100 parts of white oxyd 
alFurd about 83 parts of metal. 


The colour of pure tellurium is tin-whitey^ 
paflbig into lead-grey : it has a brilliant metalliG 
luftre: its fraffure is itraight foliated, and by flow 
cooling it is fuperficially cryftaliized : the form 
of its cryftals however has not been afeertained.. 
It is very brittle, and caflly pulverizable. Its 
fp. gr. is z= 6.1 1 5. It melts at nearly the fame 
temperature as zinc does ; and when ignited it 
begins to be volatilized. By expofure to the 
blow-pipe on charcoal, it inflames with » 
violence approaching to detonation, burning 
with a vivid blue flame, light-green on the 
edges, accompanied by a heavy white fmoke> 
which is the oxyd produced by the conihuftion. 

Tellurium combines readily by fudon with its 
own w^eight of fulphur, and the re fu It is alcad-> 
coloured ilriated maCs, with a metallic ludre. 

By ignition in a retort, a part of the fulphur 
fublimes, carrying with it a fmall proportion of 
metal, by which it acquires a blackiih-brown 
colour. 

Nitric acid difTolves tellurium, and. the re-r 
fult is a clear colourlcfs folution, capabl^> of af- 
fording, by concentration and cooling, flender 
ncedle-iliapcd cry dais. 

Nitrat of tellurium is not decompofablc by 
water. 

Muriatic acid by itfelf has little or no a£f ion 
on tellurium, but when alFided by a fmull pro* 
portion of nitric acid, the folution goes on 
rapidly. The.rcfult.is a clear colourlcfs folu- 
tion, from which a white muriated oxyd, or 
fubmuriat, is precipitable on the addition of 
•water ; in a larger proportion, however, of this 
fluid, it is again folublc. If, on the other hand» 
the concentrated muriat is diluted witlx alcohol 
indead of water, no tellurium remains in 
folution. 

Concentrated fulphuric acid, by digedicn. 
without heat, takes up a fmall portion of tel- 
lurium, and acquires thereby a deep ame- 
thydine red colour. On the addition of a little 
water, a black flocculent precipitate takes place^ 
and the folution lofcs its colour. The colour of 
the folution is Ixkewife dedroyed by mere heat^ . 
a white oxyd being feparaied.- 

If, however, the fulphuric acid is previbufly 
diluted with water, and mixed with a few drop^ 
of nitric acid, a confidcrable portion of tellu- 
rium is taken up, and the folution is without 
colour,. .and. not decompofable by the addition 
of water. 

The acid folutions of tellurium arc all de- 
compofed by the alkalies \ but if thefe lad are 
added in excefs, the -oxyd is again taken up, 
whcihcr a pure or carbonated alkali is made ule 
of. 
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* Pnifliat of potafli, if pure^ does not decbm-i 
pofe the falts of tellurium. 

The alkaline hydro^fulphurets throw it down 
in the form of a olack powder. 

Tindure of galls produces a ilocculent pale 
yellowifti brown precipitate. 

Zinc and iron precipitate tellurium in its 
metallic (late from all its acid folutions. Tin 
and antimony likewife dccompofc) in a limilar 
manneri themuriatof this metal. Phofphorus 
alfo feparates tlie metal from its muriatic fo- 
lutioii. 

'The white bxyd of tellurium^ if heated by 
the blowpipe on charcoal^ is reduced with a 
rapid edervefcence to the metallic (late, and is 
immediately after volatilized by combuilion, 
and converted again to an oxyd. If, on the 
other hand, it treated without any inflam- 
mable matter in a retort, it fufes into a pale 
yellow (Iriated ma(s. 

T ellurium is not made any ufe of, either in 
the metallic or in any other Itatc. 

TERRA FOLIATA TARTAR!. See 
Acetite of Potajb^ 

TERRA FOLIATA CRYSTALLIZAT A. 
Sec Acetite of Soda, 

TERRA JAPONICA. See Catechu. 

TERi<A MERITA. See Turmeric. 

T HERMOMEFeR. See the Appendix. 

THONSCHIEFER. Argillaceous Schis- 
Tus. Slate. Argillite. 

This mineral may be divided into the tlirce 
following fubfpecies. 

I Su^i*. Common argillaceous fehiftus.-— 
Thonf chief er^ Wern. Ar^iiliiCy Kirw. Schife 
mrgilteuxj Broch. 

Its colour is fmoke-grey, blui(h or afli-^rey, 
greeniOi, reddifh, or blackifli grey } fometimes 
allb flclb-red, reddifli -brown, yellowlflirbrown, 
or olive-yeliow. The colour is for tlic moll 
art uniform, but it fometimes prefents fpots, 
ands, and dendritical delineations. It occurs 
in mafs, difleminated, or in rounded fragments. 
Its luftre is fiiky or reflnous, and varies from 
glimmering to (lightly (Inning. Its fraflure is' 
(laty, generally (trait, but fometimes curved or 
undulating; fome varieties are fo compact as 
to prefent a dull earthy fradure. Its fragments 
are tabular or rhomboidal, rarely large fplihtery. 
It varies from very foft to moderately hard, but 
even the hardeft may readily be fcratched by a 
knife. It is cafily frangible, but not very brit- 
tle. It gives a greyifli-white (Ireak. 

It is compofed of (ilex, alumine, and oxyd 
of iron, with variable proportions of cr4rbonatcd 
lime and inagnefla. it is largely ufed for 


covering houfes, and the ftrait-foliated bluifh« 
grey varieties are employed as writing dates. 
T'he (bfter and more compa£l varieties are 
made into (late pencils. 

2 Sidfp* Hone (late. — Kirw. 

IVetvfchifery Wern. Schi/le a aiguifer^ Broch. 
Its colour is green iHi -grey, or fmoke-grey, paf»- 
fing into olive and mountain-green. It occurs 
in mai's, and has a glimmering luilre. Its frac- 
ture in the great is flaty, in the fniall fplintery. 
Its fragments are tabular. It is more or left 
tranllucent on the edges. It is motlcratcly 
hard, and not very frangible. Sp. gr. 2.72. 

It does not eflervefee with acids, neither is it 
fuflble by the biow-plpe without addition. It 
has not been regularly analyfed. 

It is cut into hones for (liarpcniiig the finer 
kinds of Heel inflruments. 

It occurs at Lauenilein in Barelth, at Sel- 
fendorf in Saxony, in Bohemia, and the Lc^ 
vant (whence it is called Turkifli hone); alfo 
in the valley of Llanbcrris in North Wales. 

7 ^ Siibfp, Black chalk. — Zeichenfehitfer, Wern.- 
Schijle a difftner^ Broch. 

Its colour is grcyilli or bluifh-black. It oc- 
curs in mafs ; the longitudinal fra£lure is flaty 
and glimmering, the crofs fraflure earthy and' 
dull. Its fragments are tabular or (piintcry. 
It (lains the fingers, and gives a fomewhat 
glofly grey (Ireak. It is meagre, but fmooth to 
the touch ; is foft and very eafily frangible. 

Before the blow-pipe, without addition, it 
acquires a thin varnifli, but does not melt. Its 
component parts, according to an analyfis by. 
Wieglcb, are 

64, Silex 
11.25 Alumine 
1 1 . Carbon 
2.7 e Oxyd of Iron: 

7.5 Water 

5 

It is employed for drawing and writing on 
paper and other materials. 

The beft kinds come from Italy ; it is alfo 
^met with in Spain, France; Baieith, and the 
ifland of Ifla in the Hebrides. 

Of the above fubfpecies, the* firll, namely, 
common argillaceous fchiflus, is the mo(l abun- 
dant. It befongs both to the primitive, tranfi- 
tion, and fecondary rocks, and occurs in moun- 
tain beds, often of vaft extent. It-inclofcs and 
fometimes alternates with beds of chlorite flate, 
hone flate, alum flate, and black chalk; of which 
the two former peculiarly charaftcrixe tlic pri— 
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mitive and tranfiticn argillaceous fchiftus. The 
primitive appears generally to reft upon mica- 
ceous fchiftus, and is occaftonally mixed with 
quartz, mica, hornblende, black Ichorl, garnet, 
pyrites, granular Hmeftone, and calcareous 
Ipar. It alfo contains various metallic ores, 
either in veins or beds. The quickfilver mines 
of Idria are in primitive argillite, fo is the vaft 
bed of copper and iron pyrites forming the 
Parys mine in Anglefey. 

Tranfition argillite has not been much exami- 
ned : the greater part of the flate of North 
Wales appears to belong to this formation, 
where it refts upon griinftein, and appears to 
contain no extraneous minerals, except veins of 
quartz and calcareous fpar, with blende and gale- 
na. Secondary argillite contains impreftions of 
organized bodies and figured pyrites : it often 
refts upon fecondary Hmeftone, as is the cafe 
in Derbylhxre. 

THUMERSTEIN. Thumerftone, Kirw. 
Pierre de T'hum, Broch. Axinite, Hauy. 

The colour of this mineral is clove-brown, 
pafEng into violet-blue, and yellow i(h or green- 
ifh grey. It occurs in mafs, difleminated and 
cryftallized. The primitive form of its cryftals 
is a ftrait rhomboidal prifm, the alternate angles 
of which mcafure refoeftively loi j® and 781^. 
The vertical edges 01 the prifm, correfponding 
with the acute angles, are generally, however, 
more or lefs truncated. Sometimes the prifms 
are fo Ihort as to be nearly tabular, and are then 
often cellularly aggregated. The faces of the 
primitive cryftal are ftriated, but all the fecon- 
dary planes are fmooth. Externally the cryftals 
have a bright vitreous luftre ; internally they are 
generally gliftening. The frafture is imall 
conchoidal, in fome varieties palling into 
fplintery and fine-grained uneven. When in 
mafs, it is ufually compofed of thin teftaceous 
diftin£t concretions. It varies from femi- 
tranfparcnt to traiiflucent on the edges. Its 
hardnefs is nearly equal to that of quartz ; it is 
brittle and very eafily frangible. Sp.gr.3.2to3.3. 

It melts before the blowpipe without addi- 
tion into a greeniih white femitranfparent glafs; 
but on charcoal to a black glafs. It has been 
analyfed by Kl^roth* and Vauquelin^, with 
the following remits. Klapr. Vauq. 

Silex - - - 52.7 — 44. 

Alumine - - 25.6 i8. 

Lime - - - 9.4 — 19, 

Oxydofiron- 9. — 14. 

Ditto Manganefe 0.6 — 4. 

97.3 99 


The proportions of this mineral as ftated by 
the two able chemifts juft mentioned, differ 
from each other very confiderably, and on com- 
paring the methods purfued by each in perform- 
ing the analyfis, it will we believe, be generally 
allowed that Vauquelin’s is the leaft fubjed to 
error. With regard, however, to the oxyd of 
iron, the difference is more apparent than real, 
Klaproth dating it as magnetic oxyd, and Vau- 
quelin as red oxyd j whereas, if in each ana- 
lyfis it was brought to the latter ftate, Klap- 
roth^s 9 grs. fhould be raifed to 12.6 grs. 

Thumerftein occurs only in primitive moun- 
tains, and is accompanied by afbeftos, a£ly- 
nolite, calcareous fpar, quartz, felfpar, and 
fometimes with fulphur, arfenical pyrites, and 
native bifmuth. The maflive variety is met 
with at Thum in Saxony (whence is derived the 
German name of this mineral.) It occurs 
cryft^alHzed near Oifans in Dauphine, at Kongf- 
berg in Norway; alfo in Spain, Savoy, and 
Cornwall. 

TIN. Zinn, Germ. Etain, Fr. 

Tin is a metal of a filver-white colour, very 
du£lile and malleable, gives out while bending 
a peculiar crackling noife, is fufible at a heat 
much lefs than that of ignition : is flowly fo- 
luble in muriatic acid, and by dilute nitric acid 
is rapidly converted into a white oxyd. 

} I. Ores. 

Sp. I. Tinstone. Zinnftein, Pierre 

de Etain. Mine d’Etain commune, Broch. 

Its ufual colour is brownifh-black, paffing into 
clove-brown, blackifh, redifhor yellowilh-brown: 
fometimes alfo it occurs wine-yellow, fmoke- 
grey, yellowifh-grey and grejrifh-white. It 
occurs in mafs, difleminated, in rounded frag- 
ments, and cryftallized. Its primitive form is 
fufpeAed bv llauy to be the cube : the forms 
under whicn it a£lually appears are, 

1. A redlangular tetrahedral prifm, termi- 
nated at each extremity by a tetrahedral pyra- 
mid, the faces of which arc ifofcclcs triangles. 

2. The preceding, with the longitudinal 
edges of the prifm truncated. 

3. Var. i. with the longitudinal edges both 
of the prifm and pyramid truncated, whence 
refults an eight fided prifm, with eight fided 
fummits, the faces of which latter are alter- 
nately triangles and pentagons. Sometimes the 
prifm is doubly truncated, and then prefents 
fixteeii fxdes, tlie terminating pyramids remain- 
ing as before. 

4* A ftrait eight-fided prifm jfimilar to the 
foregoing, with the terminal pyramids very 
deeply truncated. 
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5. A reAanguIar tetrahedral prifm termi- 
nated at each extremity by a tetrahedral pyra- 
mid, the faces of which are rhombs. 

6. The foregoing, with thofe edges of the 
terminal pyramid that are adjacent to the prifm 
deeply truncated. 

7. Similar to the foregoing, only the termi- 
nal pyramid is much higher, and the lateral 
truncatures are fo deep as to obliterate the ori- 
ginal rhomboidal faces, whence refults a pyra- 
mid compofed of eight trapeziums. 

8. The fame as the preceeding, with the 
points of the terminal pyramid truncated and 
replaced by a low eight-fided pyramid, com- 
pofed of alternate trapeziums and long hexa- 
gons. 

9. A cryftal originating from var. i. in 
which an oolique fedlion appears to have been 
made, and the two portions turned half round 
on each other, fo as to form at each extremity 
two re-entering angles. Thefe half-turned or 
Kemitrope cryftals are of particularly frequent 
occurence. 

. The cryftals vary much in fize but are fel- 
dom large, and are almoft always half-imbedded 
and grouped together in a confufed manner. 
Externally they are commonly fmooth, fome- 
times ftriated, and exhibit a bright, almoft vi- 
treous luftre. Internally they are ihining or 
gliftening, with a luftre between refinous and 
vitreous. The fra£lure is fmall-grained un- 
even, fometimes imperfe£riy conchoidal, and 
rarely lamellar. The maflive varieties prefent 
granular diftin£t concretions. It varies from 
femitranfparent to opake ; gives a grcyifh-whitc 
ftreak; is hard, affording fparks when ftruck by 
the fteel, is brittle and cafily frangible. Sp. 
gr. 6.7 — 6.97. 

Before the blowpipe on charcoal it decrepi- 
tates, becomes pale and opake, and is in part 
reduced to the metallic Hate. It has been ana- 
tyfed by Klaproth and Lampadius with the fol- 
lowing refults. 

Klapr. Lampad. 

from Alternon# Ehrenfriederfdorf. 


77-5 

— G8. 

'rin 

21.5 

— 16. 

Oxygen 

0.25 

— 9- 

Oxyd of 

0.75 

— 7. 

Silex 

100 . • 

lOO. 



Tinftonc occurs only in the oldeft of the 
primitive rocks, as granite, gneifs, micaceous 
fchiftus, and fome varieties of argillaceous fehif- 
tus, either in veins, or beds, or difleminated. It 


is accompanied by quartz, mica, lithomar|;a, 
talc, fteatite, fluor fpar, chlorite, topaz, apatite, 
wolfram, arlenical pyrites; &c. It occurs alfo 
in rounded fragments in alluvial beds, forming 
the Ihode and dream tin of Cornwall. 

It is found in Cornwall, in Gallicia in Spain, 
in the Erzgebirge on the larders of Saxony and 
Bohemia; in the peninfula of Malacca and the 
iiland of Banca in Afia, and in Chili in South 
America. 

It is the only ore of tin fufEciently abundant 
to be worked. 

Sp. 2. Wood Tin. Kornifehes Zinnerz, 
IVern. Mine d’Etain grenue. Brock. 

Its colour is hair-brovim of different (hades, 
pa (ling into yeIlowi(h-grey and Ifabella-yellow; 
two or more colours are often arranged in pa- 
rallel bands in the fame fpecimen. It has hi- 
therto been found only in fmall rolled pieces, 
which fometimes are reniform, and this is pro- 
bably the original form of this mineral. Exter- 
nally it is rough and gliftening; internally it 
has a glimmering fomewhat filky luftre. Its 
fradlure is finely fibrous, either ftratght, 
bundled, or diverging. Its fragments are 
wedge-(haped or fpTintery. It occurs in large 
and coarfe granular diftinA concretions, which 
are tbcmfelves arranged in thin curved lamellae* 
It gives a (hining yellowifh-brown ftreak. It 
is opake, hard, brittle, and eafily frangible. Sp* 
gr. 6.45. 

Before the blowpipe it becomes browni(h red 
and decrepitates, but is not fufed or reduced to 
the metallic (late. When ftrongly heated in a 
charcoal crucible, it affords according to Klap- 
roth about 73 per cent, of regulinc tin. 

This mineral has hitherto been found only in 
Cornwall, in the parifhes of St. Columb, St. 
Roach, and St. Dennis, in alluvial beds accom- 
panied by tinftone. It is rare, and occurs only 
in fmall pieces. 

Sp. 3. Bell-metal ore. Tin pyrites. 
Zinnkies, W^ern. Etain pyriteux. Brock. 

Its colour is ftecl-grey, with a tinge of brafs- * 
yellow, paffing into yelIowi(h-white. It occurs 
in mafs and diflfeminated. Internally it has a 
weakly-Qiining metallic luftre. Its fra£lure 
is granular uneven, paffing into fmall con- 
choidal, and rarely, imperfe£lly lamellar. Its 
fragments are indeterminate, blunt edged. It 
may eafily be fcratched by a knife, is very 
brittle and eafily frangible. Sp. gr. 4.35. 

Before the blowpipe it gives out a fulphur- 
eous odour, and fules eafily into a blackifh (lag.. 
It tinges borax of a yellowilh green colour. 

The proportion of tin which it contains is 
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fubje£b to conliderablc variation : the lighter is 
its colour at^ the greater is the proportion of 
this metal, A fpecimen of this kind was com- 
pofed^ according to an analyfis by Klaproth, 
of 34 Tin 

36 Copper 
25 Sulphur 
2 Iron 
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It has hitherto been found only at Wheal 
Roch, in the parilh of 8t. Agnes in Cornwall, 
in a vein about nine feet wide, accompanied by 
blende and copper pyrites. 

{ 2. ^Jpiy and Annl^ts. 

'The afliiy of tin ore is extremely Ample- 
Being firft reduced by pounding to the confilt- 
ence of coarfc fand, it is feparated by wafliing 
from the ftony matters with which it is mixed 
(a procefs that may be performed with great 
accuracy on account of the high fpecific gravity 
of the ore). A grain or two is then to be 
treated by the blowpipe in order to afeertain 
tvhethcr any arfenic is prefent. If this is the 
.cafe, 200 grains of the ore mixed with a little 
charcoal, are roafted in a calcining ted at a 
low red heat, till no arfenical vapours are 
any longer to be perceived ; the refiduc being 
withdrawn from the fire is to be mixed with a 
little pitch and fine faw-du(l, and put into a 
crucible lined with charcoal; a cover being 
luted on, it is to be placed in a wind or forge 
furnace fthe latter is the belt) and pretty ra- 
pidly railed to a bright red heat : in a quarter 
€>f an hour or twenty minutes the reduflion 
will be compleated, the crucible being then re- 
moved from the lire and cooled, there will be 
found in it a button of metallic tin, either en- 
tirely free from fcorix, or at moll covered with 
a very thin blackifh cruft, which may be re- 
moved by gentle hammering. 

• If the ore on trial with the blowpipe appear 
to be entirely free from arfenic, the roafting 
may be omitted. 

The analyfis in the moift way though fomc- 
what more complicated, is yet upon the whole 
fufliciently ^iimple. The method attempted by 
Bergman and>othersj of analyfing the ores of tin 
by means of acids, is extremely unfatisfaflory, 
little or nothing but the impurities being taken 
up by thefe menftrua. The proper mode of 
treating thefe ores is by^means of the fixed al- 
kalies the difeovery of which forms one of 
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the numerous obligations conferred by Klaproth 
on analytical chemiftry. 

Tinflone. 

Specimens of this mineral from Cornwall and 
Bohemia were thus analyfcd by Klaproth. 

{a) 100 grs. in cryftals were ground to a fine 
powder, and added to a lixivium containing 60a 
grs. of cauftic potafh. This mixture was eva- 
porated, and then moderately ignited for half 
an hour in a filver crucible; a grcyifti-white 
mafs was thus obtained, to which, while yet’ 
warm, was added boiling water, which difiblved 
the whole with the exception of 1 1 grs. 

(lb) 'rhefe 1 1 grs. were again ignited with fix 
times theiT weight of cauftic potafh, and being 
digefted in boiling water there remained behind 
only i j gr. of a fine yellowifli-grey powder. 

{c) The alkaline foliitions being mixed to- 
gether, muriatic acid was added to faturarion, 
upon which a white oxyd of tin fell down : this 
was rcdiflc^lved by an cxccfs of muriatic acid, 
and .finally precipitated by carbonated foda; 
This precipitate when waftied and dried at a 
gentle heat, appeared in the form of tranfpa- 
rent yellowifh lumps, with a vitreous fracture. 

[d) This precipitate being pulverized was 
diiTolved in muriatic acid, and into the folution, 
previoufly diluted with two or three parts of 
water, was inferted a flick of zinc, by which 
the tin was thrown down in the form of thin 
metallic laminse. Thefe being waflied and dried 
were fufed in a final 1 crucible under a cover of 
melted tallow, and afforded a metallic button 
weighing 77 grs. 

{e) 'Fhe refidue of b amounting to ij gr. was 
treated with muriatic acid, with which it form- 
ed a yellowifh folution : from this 0.5 gr. of 
tin was feparated by means of zinc. The re- 
mainder afforded a light blue precipitate with 
prufiiat of potafh, indicating not more than 
0.25 gr. of oxyd of iron : about 0.75 gr. of 
filex was alfo procured. By adding thefe pro- 
du£ls together, and making no allowance for 
lofs, there will remain 21.5 grs. for the oxy- 
gen contained in the ore. 

JVood-Tin is to be analyfed in the. fame man- 
ner as the preceding. 

Bell Metal Ore. 

'I'his was treated by Klaproth in the follow- 
ing manner. 

(a) 120 grs. being reduced to a fine powder, 
were digefted in the cold for 24 hours with 
aqua regia, compofed of two parts muriatic 
and one part nitric acids : the mixture was 
then digefted for ibme time longer on a fand 
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bath. When the acid had entirely ceafed to 
zGtf the folution was diluted with water and 
filtered ; 43 grs. remained undiflblvcd, from 
Mdiich by gentle ignition on a teft there were 
feparated grains of fulphur. The refidue^ 
amounting to 13 grs. was digefted in nitro- 
muriatic acid, by which 8 grs. were taken up. 
The remaining 5 grs. confilled of about 3 grs. 
of (ilex, and i gr. of iron, reduced to the ftate 
of magnetic oxyd by roailing with wax. 

b. The acid folutions being mixed together, 
oarbonat of potafh was added to faturation, by 
which there was' obtained a dirty-green precipi- 
tate, which by fubfequent folution in muriatic 
acid afforded a green fluid. A cylinder of pure 
tin weighing 217 grs. was immerfed into the 
folution till it became quite colourlefs, in con- 
fequence of the precipitation of 44 grains of 
reguline copper. 

r. This copper by brifk digeftion in nitric 
acid left behind a little white oxyd equivalent 
to I grain of tin ; hence the true amount of 
copper is equal to 43 grs. 

d. The cylinder of tin during its digeftion in 
the folution had loft 89 grs. This folution 
was now decompofed by a cylinder of zinc, and 
the metallic precipitate when waflied and dried 
was mixed with tallow and charcoal powder, 
and moderately heated in a crucible ; there 
were thus obtained, i gr. of magnetic oxyd of 
iron and 129 grs. of reguline tin, from which 
deducing grs. as belonging to the cylinder, 
there remain 30 grs. for the amount of tin in 
the ore. 

5. 3. ReduHion of Ores* 

The method of treating the ores of tin in 
Cornwall is two-fold.® The firft that we fliall 
mention is that to which the tinftone from the 
mines or vein-tin is fubjc£led; the fecond is that 
by which the ftream tin is reduced. 

I . The vein-tin is procured by blading, and 
when brought to the top of the pit is in frag- 
ments of various fizes, and mixed fo largely 
with quartz, argillaceous fchiftus, granite, and 
other impurities as rarely to contain more than 
2 per cent, of metal. The firft preparation 
that it receives is being broken by hand ham- 
mers into pieces about the fize of hens' 
after which it is ready to be ftumped. The 
ftamping-mill is of the ufual conftru 61 ion (fee 
the article Gold) except that the ftampers arc 
only three in number, and in front of the 
trough or coffer there is inferted a plate of tin 
about a foot fquarc, pierced full of holes, large 
, enough to admit a moderate fized knitting- 
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needle; that furfacc of the plates which is oc- 
cupied by the rough extremities of the holes is 
placed on the infide of the trough, by which 
fimple and effef^ual contrivance the holes are 
prevented from being plugged up by the ore- 
In proportion as the tin-ftone is reduced to the 
proper degree of finenefs it pafles with the 
water through thefc holes into a labyrinili of 
very fimple conftruftion; here the oxyd of tin 
is feparated from much of tlie lighter impuri- 
ties, and by fubfequent walhing on a wooden 
table it is fufliciently drefled to be font to the 
roafting furnace; in this ftate it is called black 
and is generally mixed inconfidcrable propor- 
tion wdth nufpickel, and iron and copper pyrites, 
it is now calcined at a low red heat in a large 
reverberatory furnace for fcvcral hours in order 
to volatilize the arfcnic and burn oft* the ful- 
phur, (a part of this laft after being acidified, 
combines with the oxyds of copper and iron). 
The ore comes out of the roafting furnace of a 
bright ochery red colour, owing to the decom- 
pofition and oxydation of the pyrites and mif- 
ickcl, the oxyd of tin, if the operation has 
een well performed having undergone not the 
Icafl: alteration. The ore is now wafticd a fe- 
cond time, by wdiich nearly the whole of the 
impurities arc feparated. 'The w'atcr employed 
in this procefs being confiderably impregnated 
with fulphat of copper is referved, and after- 
wards decompofed by the addition of pieces of 
old iron. The next llep is the rcdudlion, pro- 
perly fpeaking; for this purpofe a reverberatory 
furnace, about 7 feet long and 3] feet wide, is 
charged with 7 cwt. of roafted ore mixed with 
-y of its bulk of culm (Welch fmall-coal) no 
lime or any other kind of flux being made ufe 
of; the fire is kept up pretty brilk for about fix 
hours, and the tin in proportion as it is reduced 
finks down to the bed of the furnace, being co- 
vered with a boiling hot bath of black fcorise. 
At the expiration of this period the furnace is 
tapped by means of an iron bar, and the hot 
metal flows into a ftiallow pit at the foot of tlie 
furnace. When the w'hole of the metal has 
run out, the fcorise are drawn out of the furnace 
wijth a rake, and a frefli charge is immediately 
tJirosvn in. While the metal in the pit is red 
hot it throws up a quantity of flag very rich in 
metal, which is immediately returned into the 
furnace, and the mcltcxl tin after it lias become 
fufliciently cool is taken out with iron ladles 
and, poured into moulds of granite, where it 
confolidates, each charge affording on an 
average from 4 to 5 cwt. of metal- The firit 
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fcorire are not entirely exhaufted of metal, and 
are therefore transferred to the ftamping-mill, 
and afterwards waihed, in order to feparate the 
richer particles, which are then mixed with the 
next parcel of roafted ore. 

The pigs of tin thus procured are next put 
without any addition, into a finall reverberatory 
furnace where they are expofed to a very gen- 
tle heat, the puretl part of the tin lirft melts 
and is drawn ofF, forming the common grain 
tin} the more refra6tory part containing a final I 
but variable portion of copper, arfenic, and 
iron, is then brought to a Itatc of fufion, and 
caft into pigs forming the common or ordinary 
tin. 

2. The ftream tinftone is not, we believe, 
found in any other part of Europe than Corn- 
wall. It differs from the former in its extreme 
purity and abfolute freedom from arfenic, and 
in its occurring in alluvial beds. "1 he largeil 
ftream-tin work is at Cam, about two miles to 
the S. E: of Perran, not far from Redruth. It 
is fituated in a valley, through which flows a 
ftrearn, the courfe of which has been turned 
for the fake of getting at the treafure concealed 
beneath its bed. 'I'hc workmen firil dig 
through a ftratum about fifty feet thick of clay, 
lliells, and black earth, in which have been 
found hazel nuts, the antlers of an animal of 
the (lag kind, a human fcull, and a copper 
battle-axe } to this fucceeds a layer of rounded 
ftoncs, beneath which is the bed Of tin ore in 
grains and lumps of various (izes. The thick- 
iiefs of this bed varies from one to five feet, 
but the thickeit part is comparatively the poor- 
eft. The whole of the fuporincumbent ftrata 
is cut away as the workmen proceed, fo that 
the general appearance of the cavity is that of a 
vaft gravel or fand pit, near half a mile long, 
and about zoo feet broad, which is kept clear 
of water by the powerful a^ion of two water- 
mrll pumps. The tin ore, as it lies quite, loofe, 
is merely fhovclled into barrows, and wheeled to 
the head of the works, where rt is thrown 
under a thin fheet of water which wafhes away 
the earth, leaving the pure ore behind. After 
this fimple purification the ore is feiit to St. 
Auftlc, a diftance of about twenty miles, to be 
fmehed. Here all the preparation for the fur- 
,nace that it receives is being bruifed and pafTcd 
through wire fieves containing fixteen meflies 
in the fquare inch. The furnace employed is 
called in Cornwall a blowing furnace^ and is in 
fadl only a blaft furnace of the (impleft con- 
ftriidlion, about feven feet hi^di, and fupplied 
with air from two cylinders, worked by an 


overfliot water-wheel. The only fuel made 
ufe of is charcoal^ and after the furnace is fully 
heated it is fed at fhort intervals with the foi* 
lowing charge, viz. three or four ihovelfula 
of ore, and two or tlirec half-builiels of char- 
coal, no flux of any kind being employed. At 
the bottom of the furnace is a fmall channel 
through which the reduced tin is conftantly 
flowing into a pit below, accompanied by » 
fmall quantity of flag, which is removed from 
time to time, and thrown again into the fur- 
nace. When the pit is full of tin it is ladled 
out into an iron boiler, about three feet in dia- 
meter, with a fmall fire under it to keep the 
metal fiifficicntly fluid : two or three large 
pieces of charcoal are then laid upon the tin,, 
and plunged to the bottom bv means of an iron 
inftrunjent refenibliiig a wheel, with a long 
handle fixed in the axle. A violent ebullition 
is immediately excited, and a little flag, which 
was before mixed with the metal, rifes to its 
furface, and is feummed off. In a minute or 
two after, the metal is iritd^ by taking up a 
ladlcful and pouring it again into the mafs, 
when if it appears quite bright like filver, and 
of an uniform confiftence, the purification is 
compleat, and nothing more is requifite than 
to cool it to the proper degree, and lade it into 
the moulds, by which it is formed into pigs, 
weighing from 2 to 3 cwt. each. If the metal 
is poured too hot into the moulds it is apt to 
be brittle. Good ftrearn tin affords from 65 to 
75 per cent, of the very bell and pureft grain 
tin. 

None of the Cornifli tin may be fold till it 
has been coined; for this purpofe a fmall piece 
is cut off from every pig and aflayed ; if it ap- 
pears of the requifite purity it receives the 
llamp of the Duchy, and pays to the Prince of 
\V ales, as Duke, four fiiillings per cwt. 

}. 4* Phyjical and Chemical Properties* 

Tin is a metal of a beautiful filvery white- 
nefs when recently melted, but by (hort expo- 
fure to the air it acquires a fuperficial tarnifh, 
which does not much increafe by time. It has 
a flight and naufeous tafte, and gives a peculiar 
fmell when rubbed. It may be cryftallized by 
melting a quantity and pouring out the center 
of the mafs after the fides have folidified. Its 
fpccific gravity is about 7.9. It is an extremely 
ioft metal, ' fcp.rcely if at all. elaftic, and when a 
piece of it is bent backwards and forwards it 
gives a peculiar crackling noife. It has very little 
tenacity, being in this rcfpefl inferior even to 
gold, 8^ only fuperior to lead. It is ex-> 
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.trcxf^eJf malleable, and may readily be extended 
.into .leaves thinner than writing paper. It is 
..the moft fufible of all the folid metals, and 
.rnielts at about 4^42® Fahr. 

It 19 reduced to powder for medicinal pur- 
.pofes by being melted and poured into a 
. wooden box, rubbed with chaik on the innde, 
and lhaken violently, and afterwards waflied to 
. jret rid of the chalk. 

It is not rufled nor apparently altered by being 
kept under water. 

. The oxydation of tin when heated in conta£k 
with air has been much examined by cheniifts. 
When this metal is melted in any open veflel, 
as foon as the fulion is compieat, the furface 
tarnilhes and wrinkles, forming a firm pellicle 
of a dusky grey colour, and if thefe pellicles 
are fuccellively removed as they form, the 
. whole metal is gradually changed into them. 
If the whole niafs is then rubbed in a mortar 
with water, and the liquid immediately de- 
canted to feparate feme uncalcincd particles of 
tin which remain entangled in the pellicles, an 
uniform grey-brown oxyd is produced, in 
which the microfeope can difeover no particles 
of reguline metal, and which is tin in the iirfl 
or loweft ftate of oxydation. During the firft 
calcination the heat Ihould not be raifed quite 
to rcdiiefs. 

If this firft oxyd is then again heated, with 
conftaiit ftirring, in a broad veflel made fully 
Ted-hot, the colour of the oxyd gradually 
changes to an uniform light grpy, which, by 
continuing the heat |pr fomc time, becomes 
white, harder, and fomewhat agglutinates, but 
undergoes no further alteratTon. If the firft 
oxyd is heated pretty briflAy in this procefs, it 
becomes very luminous, . and actually burns 
with a bright flame during Us further oxyda- 
tion. The combuftion of tin is alfo fliewn 
more diftindlly by heating a quantity of the 
metal immediately to a full red or wnitc heat 
in a covered crucible, and then on removing 
the cover and turning afide the cruft of oxyd 
on the furface, the metal will burn with a very 
vivid flame fomewhat like zinc, and an imme- 
«liate and copious fubiimation of white oxyd. 
The fame eftbei is iliewn more fpeedily by 
heating intenfcly a little tin with the bio Wf pipe 
on charcoal, and then on.fuddenly throwing it 
•down on a hearth,, it difperfes into a number of 
beautiful luminous globules. 

Whilft tin is in the adl of combuftion, the 
cxyd which is formed in the procefs acquires a 
volatility, and vifibly fublimcs when the heat is 
^ * Mem. 6 c VAced, 


very intenfe, but when the oxyd is already 
formed, it is pcrfedlly fixed in the fire, and is 
with difficulty fufible per fe in the utmoft in- 
tenfity of fire. .Thus as Geoffrey has obferved^ 
if tin be placed .0// charcoal^ and the focus of a 
owerful burning glafs thrown on it, it infenfi- 
ly diffipates in fmokc without any refidue; but 
if placed on an earthen fupport it firft burns 
for a while with evident fmokc, after which a 
thick white crult of oxyd forms on the furface, 
which by continuing the heat takes the form 
of fmall haril tranl'pareiit cryflals. 

The phenomena that occur on heating tin 
very intenfcly are fhewn by an experiment of 
Bcaume. lie put fome Malacca tin in a cru- 
cible, inclofcd this in a muffle, and expofed 
the whole to a very ftrong heat for t\ro hours. 
When cold, the upper part of the crucible was 
found covered with a confidcrable quantity of 
flowers of tin of extreme whitenefs and fymme- 
trically arranged in brilliant needles. Beneath 
diis were many vegetations of oxyd of tin of 2 
cauliflower form, conliderably hard, and of a 
brick red. Below tins was an incohering mafs 
of pure white oxyd of tin; under which was a 
ftratum of clean tranfparcnt glafs, or vitrified 
oxyd, of a bright garnet red; and below the 
latter was a portion of the reguline metal un- 
altered. 

From all the experiments that have been 
made on this fubjetl it appears that there arc 
at leaft two diftindl degrees of oxydation of tin 
efledicd by the joint aftioii of neat and air, 
the loweft of which is formed at a heat below 
rednefs, and produces^a duiky grey oxyd; and 
the higheft, which is formed at a full red heat 
and with vifible combuftion, produces an oxyd 
which is nearly white. The latter, when heated 
very intcnfely, appears capable of fiifion, though 
with much more difliculty than the oxyds of 
iron, lead, and copper. With regard to the 
red, yellow, and green ihades of colour, which 
the fufed oxyd of tin fometimes afliimes, this 
may partly be attributed to a cafual admixture 
,of the above metals ; but if the tin was nearly 
pure in Boaume’s experiment, the colour of 
the pure vitrified oxyd of tin is a garnet fed. 
'lliis however does not agree with Klaproth’s 
experiments, who found the pureft native oxyds 
of tin, containing no more than a quarter per 
cent, of oxyd ot iron, when fufed in a clay 
crucible in a porcelain furnace to tun into, a 
clear glafs, either grecnifh-grey or with a flight 
tinge of yellow, but with no tendency to the 
garnet-red hue. When the oxyd of tin, either 
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itfclf or mixed with the oxyd of lead is 
fufed with the faline and earthy vitrefeent mix- 
tures it gives a beautiful opake white, as we 
have already mentioned under the article 
meL It is doubtful however whether in this 
procefs thi oxyd of tin is brought to compleat 
fufion,.and whether the opacity docs not urife 
from this circumftance. 

It is foincwhat doubrful whether there is any 
diiUntfl intermediate oxyd of tin between the 
two that we have mciit^oncd, or whether the 
fucceinvc fiiades of colour .which the lirft oxyd 
aflumes during its compleat calcination, arc not 
owing to a mixture of the pcifcdl with the 
imperfeft oxyd. 

A preparation of the oxyd of tin is made for 
the purpofc of giving the highcil polilh to ftccU 
and to glafs and metal mirrors, which is called 
Tin Putiy\ It is prepared according to Bcaumc 
in the following way. 

Some tin is melted in an iron ve/Tcl with a 
low red heat, and the oxyd that forms on the 
furface is fucccifively removed till enough of it 
is procured. This is then fpread on a red-hot 
muflle, and heated for. half an hour, with fre- 
quent ftirring, to compleat the calcination of 
any particles of tin that may be entangled in 
the oxyd. When cold it is powdered and 
lifted, and the finer part is again calcined for 
fix or feven hours on a miUHe with a (Ironger 
heat, till it becomes almoft white, and confi- 
derably hard, and in this ftatc it forms the tin 


putty. 

Tills fubftance is made in this country in a 
fimilar way. For the fineft putty the purell 
grain tin is employed, which is calcined in a 
mufHe, finely levigated, and waflied. This is 
nearly white, but the ordinary and cheaper 
forts are browner, and arc made by calcining 
old pewter, or clfe a mixture of tin and lead, 
or any other alloy of thefe metals, which when 
in mixture oxydate ftill more readily than 
cither of the metals fcparately, and will eafily 
take fire as foon as the heat is raifed to rednefs. 
As the oxyd of lead is very fufible, and the 
oxyd of tin very little fo, the fubfequent calcin- 
ation in this cafe is probabljr made at a lower 
heat than when pure tin is ufed, otherwife the 
whole would run into a denfe glafs. This pre- 
paration muft not be confounded with glazier’s 
p itty, which is only chalk beat up with linfeed 
oil. 

Tin is readily oxydated by nitre in the 
following w.iy. Proje£I a little of this fait on 
tin made moderately red-hot in a crucible. A 
very ftrong defiagration enfues, with a brilliant 


white flame and a denfe white fmoke, whicfk 
latter confifts of part of the oxyd of tin volati- 
lized, and will fettle on the adjacent fur- 
faces in the form of a fine white powder. 
Continue to projet^ fmall quantities of nitre on 
the tin as long as any is produced ft he 

heat being kept up to full rednefs) by which 
the whole of tlic metal is oxydated in the hip^heft 
degree. When cold, ditfoive out all the foluble 
part of the contents of the vcllei, and a very 
pure white oxyd of tin will be left behind, 
which is fometimes iifcd as the b'lfc for opake 
enamel colours, though this in general is a 
mixture of the oxyds of tin and lead made by 
calcination. The folubie part of the refidue 
from the defiagration of tin and nitre, confills of 
the uiidccompol’ed nitre, if any, together with 
the potafli of the portion whicli has been de- 
compofed, in a caullic ftnte, and holding a con- 
fiderabie cjiianiity of the f.ime oxyd of tin in 
folution, which may be feparated by faturation 
with an acid. This oxyd of tin by nitre may 
be prepared rather more conveniently by previ- 
oully mixing together one part of tin filings 
with three parts of nitre, and projefting the 
mixture by fpoonfuls into a crucible made very 
hot. The grey oxyd with a fmaller quantity of 
nitre will anfwcr equally well. 

It does not appear that an cxa£f analyfis has 
been made of the different oxyds of tin formed 
by the mere adlion of fire and air, but the 
wdiite oxyd, which is that formed by compleat 
combuftion at a ftrong heat, is probably at the 
higheft ftate of oxygMation, and therefore in 
its compofitioii refeniblcs the perfeft oxyd 
made by iiitri^^dd, which will be prefently 
mentioned. ^ . 

A very marked difference is found in the 
chemical properties of the higher and lower 
oxyds of tin. The grey oxyd {or sub^oxyd as it 
may be termed for diftin£lion) made by calcin- 
ation at a low heat, takes fire when brought to 
a full red, and aflumes a white colour with 
increafe of oxydation — it detonates with nitre, 
and is thus converted to the higher oxyd — it 
diflblvcs in muriatic acid with einiflion of hy- 
drogen, and in dilute nitric acid — when in folu- 
tion it gives a black brown precipitate with 
fulphuret of potaih, and a black with corrofive 
mercurial muriat— rand it is reduced to the me- 
tallic ftate again with the utmoft eafe, by being 
moderately heated with pitch, charcoal, or any 
carbonaceous matter. On the other hand, the 
nvhite or perfeSi oxyd is not further changed by 
the adion of fire except bein^ fufed by it when 
very intenfe^ during which it again lofes part 
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•f its oxygen— excites no deflagration with 
nitre — is iiifoluble in dilute nitric acid — and is 
not readily reduced to the metallic {late. There 
arc befides feveral other important diflercnccs 
between the falts and compounds of thefe two 
oxyds^ as will be leen further. 

Sulphuric acid diluted with about a fourth 
part of water, will difTolvc about a quarter of 
its weight of tin, W'heii this metal is added in 
fmall grains or filings, and the folution afFided 
by a moderate heat. An eflervelccnce of ful- 
phurous acid vapour arifes, and ibmetimes lul- 
phur in fubllance is produced* from the total 
decompofiiion of part of the acid,, which fwims 
on the furface of the folution M'hen hot, but 
fubfidcs on cooling. The colour of this fulphat 
of tin is yellowifli brown, which becomes clear 
on {landing. When faturated it dcpolits, after 
awhile, needled cryftals of fulphat of tin. If 
the folution is evaporated almoll to drynefs, it 
becomes on cooling a white femi-opake mafs, 
which is moflly again foluble in water. When 
fulphat of tin has been long boiled, a copious 
white precipitate fubfides which will not again 
diflblve, and confifls of the perfedl ox yd of 
tin retaijiing a fmall portion of the acid, and is 
therefore a fub-fulphat. The fupernatant liquor 
on copious dilution with water yields a further 
quantity of a fimilar white precipitate, after 
which fcarcely any of the metallic fait remains 
in the folution. A fimilar precipitate takes 
place in a greater lengill of time by fiinple ex- 
pofurc of the folution of the fuJpJiat to the air. It 
is probable therefore that the only permanently 
foluble flate of union between fulphuric acid and 
tin 13 when the metal is at an inferior degree of 
oxydation, and that thefe precipitations arc oc- 
cafioned chiefly by an incrcafe of oxydation of 
the metallic fait, which is alfo analogous to the 
habitudes of the other falts of this metal. Tlie 
fulphuric acid when much diluted has no fenfi- 
blc a£lion on tin, but it would probably diflblve 
its fub-oxyd. 

The adion of nitric acid upon tin is ex- 
tremely curious. When this acid, highly con- 
centrated, is poured upon tin filings, no aflion 
whatever enfues, but on dilution with a little 
water a mod violent efFervrfcence immediately 
follows, more violent than with any other me- 
tal, a prodigious eruption of nitrous gas takes 

E lace, and the metal is fpeedily reduced to a 
ulky white.powder, which is the perfeA oxyd 
•f tin retaining a fmall portion of the acid. 


When the aflion of the acid is over, and the 
mixture has been diluted with water, and al- 
lowed to clear by fubfidence, the fupernatant 
liquor is moderately acidulous, but contains 
fcarccly a particle of metal in folution, fo that 
it may be faturated with an alkali with very 
little change of itstraiirparenc/; but on ‘evapor- 
ation nearly to drynefs it depofits in the form 
of a w'hite oxyd what little of the metal it Hill 
retained. . Tin may however be diflblvcd in ni- 
tric acid, if it be confiderably diluted, Muthout 
exciting any cflervcfcencc. In this (late., when 
the metal is immerfed in the ac*d it gradually 
falls to pieces in the form of a black powder,** 
which is quietly diflblvcd in the acid till the- 
whole dilappcars, or till the acid is faturated. 
Some heat is given out in live procefs, which 
Ihou’d be checked by putting the veflel in cold 
water ; and to make a faturated folution, the 
tin fliould only be added in fmall quantity at a 
time. 

'This folution is yellow, and in a day or two 
it depofits fpontaneoufly part of its metal in the 
form of an oxyd, or immediately, if at all 
heated. Both the folution and the oxyd how- 
ever contain the ireiai in the lower flate of 
oxydation, for both the former, and the latter, 
when rcdiffblved in muriatic aci<l, precipitate 
corrofive muriat of mercury black. If nitric 
acid is added to the folution, and heat applied, 
a copious efibrvcfccncc arifes, and the whole of 
the tin feparates as wdiitc or perfeft oxyd. 
The union betw'ccn nitric aciil and oxyd of tin 
therefore is very w^mIc and little permanent, and 
only exifts when the metal is in the flate of 
fub-oxyd. 

Whenever tin is diflblvcd or oxydated by ni- 
tric acid ammonia is generated, and in very 
fenfiblc quantity, ^fhe produWiou of this alkali 
is rendered very apparent in the following way. 
Moiften a few drachms of tin filings wdtli nitric 
acid fomewhat diluted, and in the midfl of the 
efTcrvefcencc excited thereby add a ijuantity of 
quicklime in powder, wlien on rubbing lliem 
together a very pungent fincll of volatile alkali 
will be perceived. In this cale the ammonia 
which is formed, firfl unites with part of the ni- 
tric acid, but is again expelled from it by the limr, 
and being volatilized is made obvious to the 
fmcll. The produ£lion of ammonia implies a very 
complicated a£lion. As this alkali is not coiv- 
tained, as fuch, in the nitric acid, the water, or 
the tin, it mull be produced by the inftantaneous 
combination of its elements, azot and hydrogen, 
during the mutual action of thefe three bcdics. 


* fauni^. ' Prouft J. Phjf- tom. 51. 
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Of thefe the nitric acid alone can furnilh the 
azot, and the water, the hydrogen; confer- 
quehtly a portion of nitric acid nnift be totally 
dccompofed into its ultimate conilituents, azot 
and oxygen ; a!id a corvefpondii«g portion of 
the water muft be equally rerolvcd into hydro- 
gen and oxygon. This double dccompofitic»n 
therefore, and the union of the azot of the one 
with the hydrogen of the otlicr to form am- 
monia, nniil’ leave a difpofable quantity of oxy- 
gen from each, which, as it does not fly od* in 
the form of gas, mufl be fixed by fome of the 
fubltanccs prefent, which is doubtiefs the metal 
in tl-is inflance, as it is oxygenated to the 
highcll poffible degree, and contains a large 
x|iiuntity of this pvincipie. A great pro- 
portion of the oxygen is alfo furnilhed by the 
direft decompofition of the nitric acid, by 
means of the metal, as is proved by the copi- 
ous produ£l:ioii of nitrous gas, and alfo of 
mirous^oxytf^ as has been mentioned under that 
article. The quantity of ammonia generated 
lias been eflimated by an experiment of Guy- 
iron,* He heated, in a retort, two parts of 
nitric acid with three of tin, diluting thd 
acid largely with water. Though iliere was a 
very marked a£lion between the acid and metal, 
no gas was given out, but the refidue co>itaincd 
iiitrat of ammonia, of which the qmmonia 
amounted to nearly the twentieth part of the 
joint weight of the acid and the tin employed. 

The white perfeft oxyd, produced by the ut- 
moft adion of nitric acid on tin, is compofed, 
according to Prouft, of about 28 per cent, of 
oxygen and 72 of tin ; 100 parts of the metal 

receiving an increafe of 40 by the oxyge- 
naiion,*' 

Till diflblves copioufly and with eafe in 
muriatic acid. The folution goes on even in 
the cold, but with much more rapidity when 
warmed. The muriatic aci<l immediately lofes 
Its yellow colour, a gentle efTervcfccnce arifes, 
and a quantity of hydrogen is given out, which 
has a very peculiar and ofTenfive fmell, which 
has been compared to that of old privies. This 
has been thought by Ibmc to depend on the fo- 
lution in the hydrogen of a little of the arfenic 
which mod tin contains, forming that peculiar 
nVotl ideation of tins gas \vhich has been already 
doferibod under the v,xi\c\q Arfemcated Tlyih ogen. 
However, though it is certain that when arfcnic 
is prefont foine of it may be volatilized by tl»c 
hy<lrogen, it docs not appear very prooablc 
that this is the foie caufe of this very peculiar 
fmoiJ of the hydrogen from tin, fince the pureft 
* Encyci. Mctliod Art. Etain. 


poffible tin gives the Tame gas, and. therefore 
we (hould rather confider it as owing to the vo- 
latilization of a minute quantity of the tin itfelf. 

I'he mod concentrated muriatic acid will 
difiblve, in a boiling heat, more than a quarter 
of its weight of tin; and a . blackifli-grey infolu- 
ble powder is left behind, which has not been 
examined. The folution contains an excefs of 
acid, however highly it is faturated with metal^ 
which excefs is efle tial to this muriat when 
foluble in water. It is perfeflly limpid and 
colourlefs as water, has a ftrong ftyptic and 
metallic taile, and contains the metal in the 
lowed date of oxydation. It is therefore pro- 
perly a muriat ed fub^oxyd of tin ; and we lhall at 
prefent give it this term, to didinguiih it from 
another muriat in which the tin is in a high 
date of oxydation, and which we may term 
muriated fiiper^oxyd. 

Each of thefe* falts has very remarkable and 
didinguilhing properties. 

'ihe hot-faturated folution of muriated fub- 
oxyd depofits, on cooling, an abundance of 
cry dais of the fait, which are generally in the 
form either of fmall fcales, or of Jong acicular 
rifms. A further quantity may be obtained 
y evaporation. Thefe cry dais when redifl'olvcd 
and evaporated again (retaining a flight excefs 
of acid) may be obtained larger and more regu- 
lar, but by expofure to air the nature of the 
fait is gradually changed by the abforption of 
oxygen. The union of the oxyd of tin, in either 
date, with muriatic acid, is much more perma- 
nent than with the nitric or fulphuric acid, fo 
that the folution, when flightly acidulous, may 
be repeatedly heated and cooled without de- 
pofiting its oxyd. 

Fhe muriated fub-oxyd of tin is didinguilhed 
by its poflelfing an extreme affinity for oxygen, 
greater than that of any other metallic folution; 
in confequence of which it deprives of oxygen 
(partially or totally; all the metallic falts, and 
many other bodies, which gives rife to an infi- 
nite number of curious experinicnts, the know- 
ledge and true explanation of which is due 
chiefly to the ingenious labours of Pelletier and 
Proud. 

The following are fome of the examples of 
deoxygenation produced by this muriat; but it 
Ihould be premifed, that as the folution abforbs 
oxygen even from the atmofpliere, it fliould be 
kept in a well-doled bottle, and the low degree 
of oxygenation will be dill further infured by 
keeping fome bits of metallic tin immerfed in it. 

This folution does not affe£t the fu^fihiixic 

* J.PhyH. tarn. yz. 
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«cid ; but ^hen added to llie fulphureous. acid» in a folid form, leaving only a fmall quantity of 
a confiderablb heat is excited in a few minutes, a white oxyd behind, which becomes fixed, 
and a yellow fulphuretted oxyd of tin is preci- owing to a deficiency of acid, 
pitated. ^ The fublimed muiiat dees not appear to be 

Concentrated nitrous acid, added to the folu-* changed by tliis procefs, except by the lofs of 
tioii of tin, caufes an immediate extrication of part of its acid, for by the addition of a little 
nitrous gas, fo copious as to be almoit explofive, freih muriatic acid, it totally difiblves, and, as- 
and the folution is compleatly oxygenated. before, gives a black precipitate with corrofive 

Oxymuriatic acid is inllaiicly deprived of its inuriat of mercury j lb that it ftill remains in a 
peculiar pungent fmell, by adding a few drops low degree of oxygenation. On the other hand,, 
of the foiution, and tlie oxygen of the acid the nmriated fuper^oxyd is volatile at a very 
unites wd til the tin. gentle heat, as we iha 11 prefcntly mention ; fo 

White arfenic, and the arfenic acid, digefted that diilillation furnifiies a ready method of fe- 
with the folution, are both dccompofed, and a parating tliefe two nmriats, the fuper-oxydated 
black powder is precipitated, which is arfenic fait rifing entirely at a much Ids degree of heat 
in the metallic itace. than that at which the fub-oxydated lalt acquires 

'Tlie red oxyd of mercury is dccompofed im- any volatility.* 
mediately by the folution, and corrulive niiiriat, When the cryftals of the muriated fub-oxyJ 
by gentle heating; and in both cafes the niet«il arc diflblved in a good deal of water, the folu- 
is totally reduced into globules of running mer- tion foon becomes milky, and a coiiHdcrable 
cury. precipitate is formed.*^ This precipitate is- 

'J he white oxyds of antimony and zinc are Ibluble with cafe in muriatic acid, and tliis fo- 
reduced by the folution, and aflUme the metal- lution gives, as at firft, a black precipitate, with 
lie form. corrofive muriat of mercury, and with hydro- 

The folutions of filver undergo- a fimilar fulphuret of potalh ; confequently tlie degree of 
change. oxygenation is not altered. It alfo difiblves ixi 

The nitro-muriat of gold,, added to this fo- nitric acid, and the folution depofits luna cor- 
lution, caufes that purple precipitate deferibed nea with nitrat of filver, and confequently 
under the article Gold, and called, alter the contains muriatic acid. By diflill.ition, in open 
inventor, Cafiius’s precipitate. fire, it gives fome vapour of muriat of tin, and 

The folutions of highly-oxygenated iron, fuch afterwards muriatic acid, and a grey oxyd is left 
as the red fulphat, are immediately brought by behind. 'rhis precipitate, therefore, is the 
tliis muriat of tin to that Hate in which the metal muriat wdth excefs of oxyd, or (what amounts 
is in the lowed degree of oxygenation, which to the fame) the oxyd with deficiency of mu- 
is the reafon why the common yellow mu- riatic acid, and would be accurately termed a 
riatic acid, that owes its colour to iron, is fub-muriated fub^xyd i and, on tlie other hand, 
rendered colourlefs as foon as tin is immerfed the fupcrnatarjt liquor contains the metallic fait 
in it. The folutions of copper undergo a limi- M’^ith an cxcefs of acid, fo as to redden litmus, 
lar change. Here, therefore, as in many fimilar indances, 

Thefe phenomena have been already de- (fuch as that of tlie fulphat of mercury and tur— 
feribed fully, under the articles Copper^ Iron^ bitfi) the dilution of the fait with much water 
and Pruffic acid. caufes an unequal feparation of its condituent 

Hydro-fulphuret of potafii gives a black parts, the inf.iluble portion containing much 
precipitate with this muriat of tin. oxyd and little acid, and the foluble iiortibn, 

Ladly, when a little of this muriat is con« the reverfe. By adding muriatic acid, all tl^ 
fined with oxygen gas or common air, it a£ls precipitate difappears, and the whole becomes 
like the common eudiometrical fubdances, and an uiTiform folution, with excefs of acid. In 
gradually abforbs oxygen. all thefe changes the degree of oxydation is not 

This muriat, when heated in a re.ort, apparently changed, 

firft gives out 'water and acid, which carry, up The adtion of the alkalies and alkaline earths 
a fmall quantity of tin, after which the re- on the folution of muriated fub-oxyd of tin, is 
maining muriat quietly fufes in the retort, curious and complicated. If a few drops of 
without further change, till the heat is raifed to cauftic potafli, for example, are added to' ^is 
low rediiefs; but it then fublimes almoft en- folution, a white precipitate takes place, which, 
tyrely,, and concretes in the neck of the retort however, is not a pure oxyd of tin, atmi^tbei; 

* Fronft. ^ BorthoUet Chemical Sutict, (Note to vol. ii.) 
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fuppofedy but a fuh^muriaU precifely the fame muriatic acidt and re-diflbhred in the fame 
as the fait produced by addiM much water menftruum, it gives no precipitate whatever to 
to the cryftallized muriat. '^Ine fupernatant the folution of conofive mercurial muriat, which 
liquor t/ Jlill acidulous^ fo that the firft cfFeA is a teft of the fuper-oxydated folutions. 
of the alkali is not to faturatc the whole In this cafe an unequal divihon both of the 
excefs of acid, but to abftradl the greater metal and oxygen takes place ; one part of the 
part of »he acid from that portion only of the metal, into which the greater part (if not all) 
muriat which is precipitated as a fub-muriat* of the oxygen is condenfed, forms a permanent 
This a£lion of the alkali cotitiiiues to the laft, fo union with the alkali, and the remainder of the 
that as long as a particle of muriat of tin remains metal falls down nearly in the reguline ftate^ 
iiifolution, it remains acidulous. If the ad- and fymmetrical ly arranged. This change 
dltton of potafli is continued after all the metal takes place more ipeedily, by boiling a iolution 
is precipitated from the folution as a fub-muriat, of potafh on a greater quantity of the oxyd pre- 
(no artificial heat being ufed) this precipitate cipitated from a muriat than it is capable of dif- 
gradually difappears, and a triple combination folving. 

of muriatic acid, potafli, and fub-oxyd of tin. We proceed to the Super-oxydated Muriat, 
is formed, which is partly cryitailizable in This fait was long partially known, l^^fore its 
rhomboidal prifnis. The triple fait, produced true nature was explained, as it conftitutes, 

. in a fimilar manner, by ammonia and by barytes, when concentrated by diftillation, that lingular 
aflumes the fame form} when by foda or ilron- fmoking compound firfl: difeovered by Libavius, 
•tian, the form is that of fine needles; the which on that account was termed 
muriat of tin and lime is deliquefeent. If, of Libavius, It is prepared in the following way; 
however, .the precipitated fub-muriat is digefled melt, in an iron ladle, 5 oz. of pure tin, add to 
with an alkali, and heat applied, the acid is to- it 5 drams of mercury, ftir them together, and 
tally feparated from the oxyd, and the latter is pour out the amalgam into a marble mortar, 
cither rc-diflblved in the alkali, or, if but little into which put 20 oz. of corrofive mercurial 
alkali be ufed, moft of k remains at the bottom muriat in fine powder, and mix the whole 
in the form of a pure grey fub-oxyd, in which thoroughly. Put the whole of the mixture into 
riie proportion of oxygen is only about 22 per a glafs retort, with a receiver, not quite clofely 
cent, whereas the fupcr-oxyd formed by nitric luted, and apply a moderate heat, v/ith an 
acid and tin, and deprived of its fmall retent of Argand lamp or a fand bath. At firfl, about 
acid in the fame way, contains about 28 per 5 oz. of a colourlefs liquid diflills over quietly, 
cent, of oxygen. ^ ^ after which there rifes, quite fuddenly and with 

The carbonate of potafli and foda precipitate a moderate explofion, a great quantity of white 
the folution of muriat of tin with a brilk efler- heavy vapour, which condenfes into a tranfpa- 
vefcence. The precipitate is not however a rent liquid, and mixes with that which has firfl 
carbonat of tin, but a fub-muriat, as with tlie pafled. This is to be quickly poured into a 
pure alkalies, and an cxcefs of the carbonat in we il-floppcred glafs phial, and is the Smoking 
the fame manner, rc-diflblvcs the precipitate. Muriat of Tiny or Liquor of Libavius. The ufe of 
Another change, however, takes place, when the mercury, in amalgamating the tin, is merely 
rbe alkalies are digefled with the oxyds of tin. for the convenience of dividing it, as the filings 
The alkalies diflblve both thefe oxyds, but their of tin alone, with the corrofive muriat, will 
aifinity with tlie fuper-oxyd is much greater anfwer the fame purpofe. 

than with the fub-oxyd ; whence it happens, Prouft gives, as the beft proportions, 8 oz. 
that if a clear folution of the fub-oxyd in cauflic of powder of tin, (probably inch as is made by 
potafli be kept in a perfcQly clofed vcflcl, at melting the metal, and fliaking it in a box) and 
the end of ten or twelve days a Angular cauli- 2+ oz. of corrofive fublimate, wliich affords 9 
flower-fliaped depofit is formed, which Prouft oz. of the fmoking liquor, 
confiders as reguline tin, but which appears If the receiver be changed after the fmoT i tig 
rather to be thi in an extremely lowflate of liquor has come over, and the heat be very much 
. oxydation, as it is foluble in coUl muriatic acid, ' increafed, a folid, butter of tin firfl fublimes, 
■without giving out hydrogen.* T'hc fuper- which appears to be the muriated fub oxyd^ 
nntant aflkalinc liquor, on the other hand, now . mixed with globules of mercury, w^hen the 
.contains the metal in the highefl ftate of oxyda- amalgam has been originally employed. To- 
•tion.; for .when feparated from the alkah by gether with this muriat there rifes a quantity 

* BertboUet. 
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of calomel arifing from the partial decompo- 
fition of ' the corrofivc muriat, and if the heat 
has been kept at rednefs for a fufficient tkne^ 
all the muriated fub-oxyd of tin, calomel, and 
running mercury, will be fublimedj and only 
a gi*^/ powder left, which is probably chiefly 
a uib-oxyd of tin. 

The fmoking muriat when inclofed in a bottle 
prefents nothing remarkable, but the empty part 
of the bottle above the level of the liquid Toon 
becomes lined with cryftailine needles, which 
generally caufe the ftopper to adhere to a very 
troublciomc degree. When this liquor is ex- 
pofed to the air it immediately fends forth a 
quantity of denfe white vapours which excite 
coughing, and condenfe into a femi-crvflallized 
pellicle on the contiguous furfaces. The pre- 
cife nature of this fingular liquid has been il- 
luflrated by a very ingenious (cries of experU 
jnents by M. Adet,™ arid afterwards by M. 
Pelletier.* 

From thofe of the former chemifl we have the 
following fa£^s : when a little of this liquor is 
poured into a cup, and enclofed under a bell-glafs 
wer nvater^ the whole of it evaporates in white 
fumes, which preiently cryllallize on the Tides 
of the glafs in the form of a falinc vegetation. 
Thefe cryllals have now loft the property of 
fmoking, are fomewhat deliquefeent, and readi- 
ly diilblve in water into aii acid folution of 
muriat of tin. This cryftallized condenfation 
of the vapour is owing to its union with the 
jrnoifture held in folution in the air, and which 
is conftantly fupplied by the water over which 
the vcifel (lands, fo that in fa£l this fubftance 
is a moft powerful hygrometer* In proof of 
which M. Adct found, that when the fuming 
muriat was confined with a fmall quantity of 
dry airy fcarcely any of the cryftailine vegeta- 
tion was depofited, but it immediately appeared 
when the air from the lungs was introduced, 
which is known to be loaded with moifture. 
The fmoking muriat therefore lofes its fmoking 
property, and folidifies by union with a certain 
quantity of water, and is again reducible to a 
liquid by a greater proportion of water. This 
may alfo be (hewn more dire£lly ; when the mu- 
riat is mixed with not more than about a third of 
its weight of water, much heat is given out, 
and the whole' fuddcnly congeals, at a common 
temperature. Jit the fame time a number of 
bubbles of gas, apparently prettjr pure azot, arc 
given out, the caufe of wnich is not very ob- 
vious, but it feems to bear an analogy witn the 
expuKion of air from water, and all other Ii« 

‘ Ad. Cliiin. tom. I. 


quids in the ad of freezing ; and both in this 
circumftance, as well as in the evolution of calo- 
ric, the fixation of the water may be confidered 
as equivalent to congelation. *rhis folid niafs 
readily liquefies in a gentle warmth, and by the 
addition of more water it is refolvcd into a mere 
folution of the fuperoxydated muriat of tin with- 
out giving out any more vapours. 

The habitudes of this muriat with reguline 
tin throw much light upon its true nature. If 
this muriat, diluted with fo much water as to 
become folid when coKi, is liquefied by heat 
and cligefted with feme filings of tin, a con- 
fidcrable portion of the frefli metal is difiblvcd, 
nviihoui the dtfengagemeut of hydrogen or any gas 
whatever, and when faturated, the folution has 
now loft all the charafleriftic properties of the 
fmoking muriat, will bear being heated to red- 
nefs with very little lofs by fublimatiori, and 
then concretes into a brown mafs which clofely 
rcfemblcs the common fufed mtiriaied fub-oxyd. 
This ftriking experiment (hews, in the (nil 
lace, that the tin in the fmoking muriat is in a 
igh (late of oxydation, fo that it can impart a 
portion of oxygen to an additional quantity of 
metal fufficient for its folution ; for as no hy- 
drogen is given out, the oxygenation of the 
frefli portion of metal cannot (as in the com- 
mon folution in the muriatic acid) arife from 
the dccompofition of water. It alfo fliews that 
tin in a low (late of oxydation requires much Icfs 
muriatic acid for its folution than in the higher 
(late, (and confcquently that its affinity for the 
acid is ftronger) otherwife the tin laft added, 
though oxydated, could not be held in folution, 
as it is, and with that fcnfiblc cxccfs of acid 
which, as we have already mentioned, is eflen- 
tial to a folution of the muriated fub-oxyd. 

Pelletier ip his experiments on muriat of tin 
(many of which have been already related) en- 
deavoured to form the fmoking muriat by com- 
pleatly oxygenating the common folution of tin 
in muriatic acid. This he cfle£Icd by paffing 
oxymuriatic gas through this folution, which ab- 
forbsit readily, 2400 gts. of tin diflblved in four 
times its weight of common muriatic acid 
taking up 2 oz. of the gas. This liquid, boiled 
for a few minutes to expel a little uncom- 
bined gas which it contained, yielded a clear 
limpid folution, free from the peculiar pungent 
fmcll of oxymuriatic acid, in which the metal 
is certainly as highly oxygenated as polfible. 
When this folution was evaporated condderablv 
it depofited cryftals exacClly refcmbling thofe 
afforded by the fmoking muriat when a little 
■ Memairct ds Pelletier, tom. x. 
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liiluted with water, and by further evaporation rated with tMs principle) — and It Is totally 
a foHd fait was obtained, which, like the imoking latilized in diftillation at a very gentle heat, 
muriat fublimed totally in a moderate heat. It Muriatic acid appears to have a ftronger a£» 
docs not appear whether this accurate chemift iinity for the fub-oxyd of tin than for the fuper*’ 
made any further trials to afeertain the identity oxyd, for the folution of the latter oxyd gradu«^ 
of the two folutions, but they appear to refem- ally depofits a quantity of its oxyd by keepings 
ble each other in every property, but that of which the folution of the former does not 
fuming, which could not be given to the fo- readily do unlefs much diluted with water, or 
lution prepared by oxymuriatic acid gas. It is unlefs it is kept in a bottle loofely ftopped^ 
probable, however, that this property only de- which allows it to abforb oxygen from the air. 
pends on the extreme concentration of the muriat On the other hand, the alkalies have much- 
prepared by diililling tin and corrofive mu- the Itrongeft afBnity for the moll highly oxy-^ 
riat of mercury, for M. Adet afro found, that dated tin. 

on adding water to thefe materials before dif- The nitro-muriatic acid diflblves tin oopioiifly* 
tillation, the dillilled liquor was not fuming, but and with great eafe, and is the acid commonly 
refembled the fuming muriat after dilution. employed for the folution of this metal in the 
This muriat elves no precipitate with the large way for the ufe of the dyers, with cochi- 
folution of gold, but only changes the colour to neal colours. A mixture of two or three parts- 
a clear claret red. It is dccompofed by the of muriatic acid and one of nitric, forms the* 
alkalies, partially when cold and entirely when bed proportions for this compound acid. A 
heated ; but the oxyd of this fait is more readily violent efFervcfcence is excited when the tin is 
foluble in an excefs of alkali than the fub-oxyd immerfed, and much heat is generated, which if 
of the other muriat. too great, would- caufe moll of the metal to- 

It may be ufcful to recapitulate in a few feparate in the form of a white infoluble oxyd,. 
words the chara£leri(lic properties of the two fo that the vehemence of a£lion (hould be 
muriats, ^ checked by fetting the velTel in cold water, and 

The fub-oxydated muriat is made limply by adding the tin by very fmall portions at a time, 
diflblving tin in muriatic acid j it gives no In this way the concentrated nitro-muriatic acid 
fumes on expofure to air— -gives a black pre- will hold in folution about half its weight of 
cipitate with hydrofulphurct of potalh— has a tin, but if the acid is not previoufly a good deal 
very ftrong affinity for oxygen, and in confe- diluted, it congeaIs,when cold and laturated with 
quence gives a black precipitate with corroHve metal, into a tremulous gelatinous mafs, gene- 
fublimate, which is converted by heat into run- rally fomewhat opalefcent and femi-opake, which 
ning mercury; gives a red purple precipitate witji by keeping, hardens confiderably. The addi- 
iiitro-muriat of gold, and dimini flics the Hate tion of a fmall quantity of water only increafes 
of oxydation of all other metallic folutions — ab- its folidity, but a greater quantity rellores its 
forbs oxygen from the air, and oxymuriatic acid liquidity, with the depofition however of a part 
gas when palTcd through it, and dcllroys the pe- of its metallic contents, as an infoluble oxyd. 

' culiar fmeil of the latter fubflance — is cryftal- When this folution is heated a new eifcrveC- 
lizable — requires a low red heat for its fiibli- cence is excited, and if not too dilute, it har- 
mation. dens into a tranfparent gelly on cooling. 

The fuper-oxy dated muriat is made either by The folution adlually made by the fcarlet 
diiTolving the perfe£l oxyd in muriatic acid, or dyers, ® and called by them Spirit^ is prepared 
by faturating the former muriat with oxymuri- with that fpecies of dilute nitric acid, termed 
atic gas, or by diftilling dry corrofive fublimate Jingle aqua fortis^ to every pound of which are 
of mercury and tin, in which laft cafe it is added from one to two ounces of common fait 
volatile in the atmofphere in tlenfe fumes, or fal-ammoniac. The acid thus prepared will 
which cryftallize by abforbing moillure; it gives diflblve about an eighth of its weight of tin, 
a yellow precipitate with hydrofulphurct of which is previoufly granulated^ by being poured, 
potafh, and no precipitate at all with nitro-muriat when melted, into water brilkly agitated by 
of gold, or wim a folution of corrofive muriat rods. This acid is ftill further diluted, and tho 
of mercury — it diffolves a frefh quantity of me- heat of folution is checked by fetting it in cold 
tallic tin without the produftion of hydrogen, water, and adding the metal very gradually, 
arid then is changed to the fub-Oxydated fait — The procefs of folution is thus protracted tm 
it has no furdier affinity for oxygen (being fatu- two or three days. 

OB Colour!. 



TIN 


TIN 


C ) 

The Arete of ox^ation of the metaljn this fo- formed on copper and brafs. Pins are vhitened 
lution mufl: vary^ out when it is recent^ and has in this manner^ but by a compound menftruum» 
been^ made very gradually, and without heat. This procefs is eafily performed : a folution 
the tin mud be in low oxydation, which is the of about one part of cream of tartar, two parts 
ftate probably the moft defirable for the dyer, of alum, and as much common fait, is made in 
as the -acid is more laturated and lefs liable to a moderate c|uantity of water, and tin iilings or 
depolit ox]rd Iw keeping. ^ granulated tin is thrown in, and the liquor 

When tin tilings are thrown into oxvmur!* boiled. The pins, which are made of brafs 
atic gas they take fire and burn with a bluiih* wire and perfeilly bright, arc then put in, and 
white flame. The refidue is partly foluble in after remaining in the boiling liquor for a time, 
water. ^ ^ ^ ^ ^ they are compleatly covered ,j^ith a bciuuiful 

The liquid oxymuriatic acid diflblves this white uniform coating of tin, which is the Hate 
metal quietly witnout cfFervefcence. The re- in which they are uicii. 

iult is a muriat of tin more or lefs oxydated It is not ncceflary to employ this mixture of 
according to the quantity of acid employed. falts for the more tinning of copper or brafs. 
Aloft of the vegetable acids upon tin. Either of thefe three falts hngly with tin filings 

Vinegar, either common or diftilled, when will atifwcr the purpofc, but cream of tartar 
digefted with tin filings, particularly with the gives a duller and more leadcn-lookiiig tinning, 
amftance of heat, aflumes a whitifh opalefcent and alum on the other hand gives a very 
colour, a difagreeable fmcll and metallic tafte, fine filver white but without glofs, fo that the 
gives a yellowifh white precipitate with hydro- mixture above-mentioned is found to produce 
fulphuret of potafli, and a deep purple precipitate the moft defirable hue. ^ 
with nitro-muriat of gold. It therefore liolds In a chemical point of \dew this operation is 
the tin which it has diflblved, in a low ftate of curious, aiul appears to prefent a contradifbion 
oxydation. This folution readily depofits moft to the ufual laws of aflinity, for when tin is 
of its metallic contents as an infoluble ox yd, immerfed in a common folution of copper, it 
when by expofure to^ air it has abforbed an precipitates moft of the copper in the metallic 
additional quantity of oxygen. If the recent ftate. 

folution is (lowly evaporated till it begins to The circumftances rcquifltc to produce a 
Ihew a faline cruft, and is then fullered to remain precipitate of metallic tin on copper, have been 
undifturbed in a cool place for a day or two, it examined in an able fet of experiments by Prof, 
depofits groups of needle-formed cryftals of Gadolin, a Swedifli chemift, an account of 
acetite of tin.' which isinferted in the Stockholm Tranfa^^lions 

The acetic acid, being more concentrated for 1788, to which arc added fomc other expe- 
than common vinegar, dilTolves tin more readily riments and remarks by Haron de Gedda. It 
and in fomewhat larger quantity, but even with is to be obferved, that the circumfiances rclat- 
this acid the quantity dilFolvcd is very fmall. ing to the oxygenation of metals in their folu- 
The fub-oxyd of tin produced by faturating tions in acids were very incompleatly known at 
the common muriat by a carbonated alkali, alfo that time, lb that we may now account for 
diflblves in vinegar, but the perfefl oxyd is phenomena which ninJt have been inexplicable 
infoluble in this as in moft other acids. at that period, '^fhe facts how^ever cannot varj". 

Carbonated water added to a folution of ace- and are always valuable. 'Fins chemift chiefly 
tited tin caufes a white powder to precipitate, confined hinifclf to the a£lion of a fingle fait, 
which is probably a carbonated fub-oxyd. namely tartar, or its acid. We fliall fcle£t and 

A very concentrated acetite of tin is made ^ giye in a few words feme of the experiments, 
by adding a faturated folution of cryftallized i. Tartrite of potafh was added fo nitro- 
muriat of tin to acetited lead. A double de- muriat of tin, which caufed a white precipitate of 
compofition takes place, muriat of lead is pre- tartilte of tin, which was edulcorated and dried, 
cipitated, and the fupernatant liquor is chiefly Some of this precipitate was boilc<l with water, ' 
a ftrong acetite of tin. This, is ftrongly re- and copper was immerfed, but the copjicr was 
commendcdi by the. inventor as a mordant for a in no degree altered. 

variety of dyeing procefles. 2. Some of the above ttirtritc of tin was 

Tin is foluble in the acid of tartar, and this acidulated with tartarcous acid and copper 
folution is of importance in manufa£lure, as it was boiled in it, but with no cfleft. 
is the method by which tinning is per- 3. Some of the fame tartrite of tin was treated 
» HauflinaB. s Jonrs. ds Fliyf. tom. 34»P« 439 * 
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treated as in the laft experiment, but -with the 
addition of fome leai‘«tin and the copper was 
now compleatly tinned. 

4. The laft experiment was repeated, but 
without an cxccfs of acid, and no effcft was 
produced on the copper. 

5. Cream of tartar, tin filings, and a piece 
of copper, were boiled together, and the copper 
was compleatly tinned. 

Theft; experiments flicw that in order to pre- 
cipit.itc rill upon copper by meatih of tartar, it 
is neci fFury, both that fome metallic tin iliould 
be pre ciit in llie folution, and that the foiution 
iliouid toniain an cxcefs of acid. 

6. Some ox yd of copper arifing from the 
dccompofition of blue vitriol by an alkali, was 
firft boileil in a folution of cream of tartar, af- 
ter which l>oth tin-leaf and copper were intro- 
duced, and the whole boiled together for three 
hours, lioih the copper and tin were covered 
with a cruft of bbickifh metallic alloy. 

7. Some copper was tinned by boiling with 
tin and a folution of tartar.* The liquor after 
the copper wiu withdrawn was not changed to 
blue by volatile alkali, and hence was inferred 
to contain no copper, though when expofed to 
the light fome faint blue llrcaks were obferv- 
ablc. 

8. The fiime experiment was repeated with 
tartar, alum, and la!t, (the ufual mode of tin- 
ning) and no indications of copper were fur- 
iiiihed by the volatile alkali. 

9. C opper was tinned with each of^ the 
above three falts (iiigly, and in neither inftance 
did the vo'atile alkali give any indications of 
diflblvcd copper in the liquor. 

10. 'rin-ft'af WMS boiled for an hour with a 
folution of cr< am of tartar. The tin was then 
withdrawn and a bar of iron introduced, and 
the boiling continued. 'The iron was foon 
blackened at its furface, and after three quarters 
of an hour, was covered wdth a mixture of re- 
duced metallic tin and oxyd of tin, and die iron 
had loft weight in the procefs. 

Hence as iron was found to precipitate tin in 
a mctanic ft.ite from its f(>lution, it was con- 
jeftured that iron added to a folution of tin, in 
which copper was immerfed, might determine 
the ti-.iiiing of the copper. The experiment 
however fuccceded but imperfe£Hy when tartar 
was uM, owing to the I.ingiior of its aftion on 
iron, and even when a few drops of fulphuric 
acid were added, the tin was precipitated folely. 
on the iron, whilft the furface of the copper 
remained unaltered, but widi alum it was dif- 
ferent. 


ti. Some tin-leaf was boiled with a folution 
of alum for half an hour and then withdrawn. 
Into th y folution were then introduced a piece 
of polifticd copper, and fome iron filingSw The 
latter were acled on with much rapidity, and 
in a few minutes the copper was covered with 
a pcllic'c of tin, which in half an hour gave it 
the appearance of fine filver unpolifhed. 

12. Tin-leaf and a folution of alum were 
boiled together, 'bhe tin was then taken out, 
and into the folution both iron and copper 
Wi re introduced, each poliftied. After a few 
minutes boiling both theie metals were highly 
tinned. 

13. Some fulphat of copper was diflblvcd in. 
water, tin leaf was added, and the mixture 
was expofed to a moderate heat for fome days 
in a well clofed phial. In a few days the 
colour of the folution entijeJy difappeared, and 
the copper precipitated to the bottom of the 
veflel. The clear fupernatant fluid was diftri- 
buted into three phials, into the firft of which 
was put copper and tin ; into the fecond, cop- 
per andiron^ and into the third, copper alone. 
They were well corked, and after digeftion in 
moderate heat for fome hours the copper in the 
firft phial, and the copper and iron in the fe- 
cond were well tinned, but the copper in the 
third remained unaltered. 

From the above experiments we may clearly 
make out that the ftate of the folution of tin» 
when it is difpofed to precipitate in a metallic 
form on the furfiice of copper immerfed in it,. 
IS that of the lowcft degree of oxydation, which 
is obtained either by keeping fome undiflblved 
tin in the folution or (Exp. 10 and 1 1) by in- 
troducing iron. The great difficulty whicn oc- 
curred to the author of thefe experiments was 
to account for the precipitation of the tin when 
there did not appear to be any copper diflblvcd 
during the procefs, for in all other metallic 
precipitations (as that of copper on iron for ex- 
ample) the feparation of one metal from the 
folution is attended with the folution of a cor- 
refponding quantity of the other metal. 

The difficulty is increafed too by the fafl: 
that when tin is immerfed in a folution of cop- 
per the copper is precipitated, and a portion of 
the tin isdiflblved, fo that the dire£k affinity of 
acids for tin is greater than for copper. 

The hypothells given by Prof. Gadolin to 
explain tnis is highly ingenious. He obferves 
that as a very ftrong affinity exifts between tin 
and copper, this affinity operates on the me- 
tallic part of the folution of the tin immediately 
in conta^ with the copper, and caufes its fepa- 
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ration in tfie metallic form^ whilft the remain- fa^* iron immerfed into a folution of tin 
der of the tin, which is the greateft portion, places the tin, and precipitates it mollly in the. 
undergoes a greater degree of calcii ation (i. e. metallic form; and tin imitierfcd into a folution 
oxygenation) and hence too the folution after its of copper precipitates the latter metal. But in 
utmoft ad^ioii an copper ftill retains a quantity the above complicated cafe both the iron and 
of tin. . In other words, the diflblved tin dU copper become tinned, fo that the tinning of 
vides itfclf into two portions, one of which re- the Jron may be etFcfted by fimple and dire£t 
turns to the metallic (late, and adheres to the affinity, but that of the copper requires a corn- 
copper, wliilll the whole of the oxygen con- plicated adlion, to which probably the metallic 
dtMiles in die udier portion, which remains dif-' tin prefent contributes. 

Iblved. When cream of tartar has been long boiled 

To lliew that a correfponding folution of the with tin till it can dilFolve no more,, the folu- 
prccipitant (i e. the copper) is not neceflary to lion ftill remains acidulous, and when evapor^ 
the L'paration of the precipitate^ M. G violin ated and cryftaliized a triple fait is obtained,# 
boiled fome fine gold with tin and tartar, and compofed of tartarcous acid, potalh, and oxyd 
after a fhort time the gold was compieatly co- of tin,^ which may be termed a fupir-^ar trite g/T 
vereil with a coating of reiluced tin, and it potaflj nvith tin. 

cannot be fuppofed that any of the gold (hou Id Tho fixed alkalies have fome aflion upon 
have been diflblved by the tartar, 'riiis experi- meta» ic tin, taniiftiing its furface and diflblving 
ment would have been more compleat if the tin a fmall portion though with difficulty. But on 
had been again feparated from the gold by mu- the ox yds of this metal alkali a£ls with great 
riatic acid, and the gold had been weighed be- energy, dilTolving them copioufly and with cafe, 
fore and after the operation, but if this ftatc- The circumllances of folution and precipitation 
xnent is accurate (which there is no apparent of the oxyd from the acid falts by potafh, have 
reafon to doubt) it is a curious fa£l, and one been already mentioned. Potaffi appears to 
for M^hich in addition to M. Gadolin’s explana- have a ftronger affinity for the perfett oxyd- 
tion, we muft probably refer to the late difeo- than the fub-oxyd, fo that in a mixture of 
vered experiments in Galvanifm. This is con- the two it diflblves the former in prefer- 
firmed by the circumftancc that in every one of cnce. This folution docs not readily depofit 
tlic experiments on tinning above related, the its oxyd by keeping, or by expufure to air, as 
prefence of two diflimilur metals in the reguline the folutions of die fame oxyd in acids do, but 
ftatc is required, fo that the moment the me- may be cryftaliized by gradual evaporation, 
tallic tin is withdrawn from the tartarcous folu- 'The effed of alkalies iii breaking the aggre- 
tion the precipitation of tin upon copper ceafes, gation of the native o^yd, and thus rendering 
though we can hardly fuppofc that any imme- it foluble in acids, has been mentioned in the 
diate change in the ftate of oxygenation of the analyfis of the ores. 

folution takes place. Muriat of ammonia afts upon tin by the 

With refoe£k to the circumftancc of no cop- 'affiftance of heat. When this fait and tin filings 
per being found in the folution of tartar after arc heated in a retort, a fniall quantity of hy- 
cornmon tinning, we may obferve however that drogen gas is firft given out,** and if the heat 
tlie failure of the ufual teft of the volatile alkali be continued, fur a time, below rediicfs, a faliiic 
is no certain proof of the abfeiice of this metal mafs is forimed, compofed of muriated ammo-' 
in this inftance, as the later difcoverics of nia, muriat of tin, and fome tin filings un- 
Prouft on this fuhjeft (which arc detailed un- changed. The muriat of tin contains the metal, 
der the article Copper) flicw that when copper in. the ftate of fub-oxyd, as it gives a purple 
is in folution with tin in a low ftate of oxyda- precipitate with folution of gold, and a black 
tion, it is fo far deprived of oxygen by the tin, one with hydro-fulphuretted water, 
as not to turn blue with ammonia. Tin uni;es readi y with fulphur by fufion.^ 

'rhe experiments in which iron, copper, and For this purpofe melt lomc tin in a crucible, 
tin were immerfed into a folution of tin, are heat it ftiort of rednefs, throw upon it about a 
complicated, and the cxa£l operation of all the third or a fourth of its wciglit ot fulphur, and 
affinities between the refpe£Hve fubftatices is ftir them together when melted. ^ Tlie mixture 
not eafily made out. 'Phe order of prccipi- . inflames when heated to a certain degree, anil 
ration with a Angle metal, and a finglc me- Ihould then be covered. When this has fub-< 
tallic folutioiij is copper^ tin, iron j that is to fided remove tlic crucible, and black brittle ful*- 

* Freuft.. 
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fihiiret of tin is obtained. To (atvrate the tin 
with iulphur the heat (hould be moderate^ and 
the proje£bion of fulphur repeated once or twice^ 
till the tin appears to be faturated. 

The quantity of fulphur retained by the tin 
in this procefs is varioufly given, and no doubt 
a£luaily varies. Mr. Woulfe * found 4 oz. of 
tin to furnifli 5 oz. of the fulphuret, and even 
then it is not entirely faturated, for on rubbing 
it in a mortar a portion remains which extends 
under the peillc, and therefore is ilill malleable 
and unfaturated with fulphur. 

On the other hand, Bergman finds that 100 
parts of tin will take up in this way no more 
than 20 of fulphur, in which proportions Prouft 
agrees. But Pelletier * found tlie increafe on 
TOO of tin to be no more than i6| of fulphur, 
fo that the faturating proportions of fulphur 
and tin are Hill unknown, and could only be 
determined with accuracy by adding an excefs 
of fulphur to the pulverized fulphuret made in 
the way above mentioned, and keeping the mafs 
juil at fufion in a clofe retort as long as any 
fulphur fublimcd from it. 

'this fulphuret is a black brittle Ihining fub- 
fiance, of a flaky confiftence, and clofely re* 
fembling niolybdena in appearance. When 
melted and cooled very flowly it aflumes a la- 
mellar texture, in the hollows of which are 
feen <^infl; needled and fometimes cubic cryf- 
tals. ^ 

This fulphun?t is not a£tcd on by a folution 
of cauflic potafli. “ When digefted with nitric 
acid a large quantity of nitrous gas is given out, 
from which, and from the analogy with the other 
fuJphurcts made by fufion, we may conclude 
the metal to be in the reguline ftate in this com- 
pound. 

When a current of fulphurettecl hydrogen-gas 
is pafled through any folution of fuper-oxy dated 
tin,'^ a yellow precipitate of hydro-fulphuvettedfu^ 
gradually col Ie£ls, which takes place with 
more cafe if a little alkali is previoully added to 
the folution till the moment that a precipitate 
begins to appear. When the hydro-fulphuret 
is heated with muriatic acid it again quits the 
oxyd of tin with etFcrvefccncc, and refigns it to 
this acid. Hence it appi‘ars tliat the affinity of 
fulphurettcd hydrogen for this oxyd of tin is 
greater than that of muriatic acid in a low tem- 
perature, but lefs, when the heat is raifed. 
When this yellow hydro-fulphuret is dried it 
becomes vitreous in its frafture, it is eafily fo- 
luble in potafli, and pre cipitated thence by acids 
unaltered. When gradually heated per fe^ wa- 
■ PSil*. Traiir voh Cl* ' Memoire?, v^. a 


ter, fulphureout acid, and^ feme fulphur are 
given out, and the refidue, if not overheated, it 
the golden fulphuretted oxyd of tin, or Aurum 
Mujivum^ which will be prefcntly deferibed at 
large. The affinities that ad in this procefs 
are complicated. They are ftated by Proufi to 
be the following ; the oxyd of tin gives out part 
of its oxygen, of w'^hich one portion unites to 
the hydrogen of the hydro-fulphurct, and forms 
water, and the remainder carries ofF with it 
part of the fulphur as fulpliureous acid ; feme 
cxcefs of fulphur beyond the requifite propor- 
tions for the aurum mufivum is alfo volatized ; 
whilfi thcremainderof the fulphur, and the tin, 
now. in low oxydation, unite into the aurum 
mufivum which remains behind. 

When fulphuretted hydrogen gas is paflTed 
through a folution of fub-oxydated tin, fuch as 
the common muriat recentiv made, a dark cof- 
fee-coloured precipitate takes place, which is 
the hydro-fulphuretted fub^oxyd^ and when walhed 
with boiling water it dries of the fame co- 
lour. 

This hydro-fulphuret is alfo decompofed by 
muriatic acid with efFervefcence in a boiling 
heat, but it gives no aurum mufivum when 
heated per fe* When heated with a folution of 
cauflic potaih, both a folution and precipitation 
take place; the precipitate is the fimple ful- 

J fliuret with the tin in the metallic ilate ; the 
blution on the other hand, is a hydro-fulphuret 
of potafli holding the metal in the higheil ftate 
of oxydation, fince acids precipitate the hydro- 
fulphuret yellow, like that firft deferibed. The 
potafli therefore caufes the condenfation of all 
the oxygen into a portion of the fubftance, to- 
gether with all the hydrogen, at the expcnce of 
the other portion, which is then found defti- 
tute of both. This efFe< 5 l of potafli, in con- 
centrating all the oxygen into that portion 
which it diflblves, is analogous to what ofccurs 
in other cafes, and depends on the much greater 
affinity of the fupcr-oxyd than of the fub-oxyd 
for this alkali. A fimilar adtion takes place 
when the fub-oxyd of tin, fulphur and folution 
of potafli are heated together, and a hydro-ful- 
phurct of fuper-oxy dated tin is produced. In 
like manner if liquid muriated fub-oxyd of tin 
is poured into liquid fulpliurbt of potafli, a yel- 
low precipitate :akcs place, which is tlie fuper- 
oxydated hydro-fulphuret. 

A beautiful golden- coloured fpecies of fiil- 
phuret of tin has long been known in the arts, 
under the name of Aurum or Mofai^ 

cum^ ( Mofaic Gold) • It is in the form of a 
* i*roufl Phyf. tom 61. • Ibid. 
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.fcaly mafs, rometimet cryftallized In fix*fided odour of fulphuretted hydrogen is giren ofatf. 
p]atesi very foft and glofly to the touch, readily which increafcs rapidly as heat is applied | and 
rubbed down between the fingers, and when if the procefs be performed in a retoirt» with m 
the colour is brought out by a little friflion, receiver attached to it, a quantity of hydro-fuU 
having a fine golden metallic luflre. It is ftili phuret of ammonia or volatile liver of fulphur,. 
prepared in pretty large quantities by fome comes over, which condenfes in the extremity 
artifts, and is fuppofed to be ufed principally of the receiver, partly as a liquid and partly in 
in artificial bronzing and other ornamental beautiful cryftalline needles. The fublimate 
purpofes. It was formerly employed in medi- which is formed above the aurum mufivum, 
cine. A great number of receipts have been and which is much Icfs volatile than the ammo* 
given for preparing it, moil of which fuccced niacal hydro-fuiphuret, is an extremely com* 
nearly equally well, provided the fame attention pound fubftance, (in the ufual way of preparing 
to management of. the heat, &c. be obferved. it) confifting chiefly of cinnabar, of muriated 
It is alfo intereiting to experimental chemifiry, ammonia, and fome muriat of tin, from whicb 
and its properties have been examined by ieveral by a frcfli fublimation an additional quantity of 
excellent cnemiffs, among whom may be enu- the aurum mufivum may be obtained. Thi^ 
merated Mr.Woulfe,* the Marquis de Bullion,’ latter appears to be contained in the firfi fubli* 
and M. Pelletier.* mate, and indeed may often be found inter*' 

The old procefs for aurum mufivum, and fperfed in it in ihining hexagonal plates, but as 

which is one of the bed, is the following ^ as aurum mufivum alone cannot be fublimed, this 
contained in the London Difpenfatory.^ portion is fuppofed to be formed by the muriat 

Take 12 oz. of tin, 7 oz. of flowers of ful- of tin and fulphur combining in the adl of vo* 

phur; fal-ammoniac and qnickfilver, of each 6 latilization. 

oz. melt the tin by itfelf, add to it the quick- The dccompofitions and changes that take 
filver, and when the amalgam is cold reduce place in the preparation of aurum mufivum 
it to powder, and mix it with the fulphur and with mercury, tin, muriat of ammonia, and 
fal*ammoniac, and fublime the whole in a glafs fulphur, arc numerous and fomewhat comp) ica- 
snatrafs, Handing in a fand-bath. Apply a ted. The principal ones appear to be the fol- 
gentle fire for fome time, till the white fumes lowing : the mercury at firft feems nearly paf- 
which arife copioufly at firft, begin to abate, five in the operation, and ferves merely to divide 
then raife the fire till the fand becomes red-hot, the tin, and render it cafily reducible to pow'der, 
and keep it at this point, neither increafing nor but when the heat is iiicreafed the mercury' 
dimiiiifliing it, for a confiderable time, according volatilizes and unites with the fulphuf into 
to the quantity of the materials, till you judge cinnabar. The tin is certainly firft a^lcd on by 
the operation to be compleated. The matrafs the fal-ammoniac decompofing ilie watc r whicli 
being broken when cold, the mofaic gold is it contains, the oxygen of which it abforbs, and 
found at the bottom, and above it a fublimed the oxyd of tin thus produced is in.iiicdiatcly 
fubftance, the compofitioii of which will be dillblvcd by the muriatic acid of the fal-ammo- 
prefendy mentioned. niac forming a muriat of tin. ^J'his proeef* 

The mofaic gold therefore is not a /uhltmaUj fets at liberty two very volatile fubftancos, viz. 
but is a fixed fubftance, r.nd it cannot be raifed the hydrogen of the water decompofed, and the 
by heat unchanged. It weighs confiderably more ammonia of the fait, both of which, involatiii- 
thaii the tin employed, but the adlual produdl zing carry up a fufficient quantity of the 
is extremely uncertain. A cood deal or care is fulphur prefent to conftitutc the hydro-fulphurci* 
required in managing the lire, for if too flack of ammonia, which flies ofl* in white fumes in 
none of the mofaic gold will be formed, and if the common way of proceeding, or, as already 
urged beyond a moderate rednefs it is again mentioned, may be co Hefted in a receiver joined 
decompofed into a d*.irk fulphurc^of tin, totally to the apparatus. 

without luftre. The proportions of the iiigrc- Tlie ingredients in the matrafs are now 
dients are varioufly given. Formerly equal changed, more or Icfs complcatly, to muriat of 
parts of all the fubftances were employed, but tin, mercury, and fulphur •, and ns the heat is 
they may be reduced to the proportions here increafed all the mercury and part of the fuU 
given urithoutdiminifliing the produft. phur fublime, and unite into cinnabar; the ' 

As foon as the ingredients are mixed an muriat of tin is decompofed by another part of. 

,, ^ PhH. Trant . toI. 61. ^ Jour®, de Phyf. tom. 10. » Mcmoircs de Pelletier. 

• New pi^cBfetory for ' 
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tlie fulphur, the muriatic acid is volatilized^ 
taking with it a portion of the tin, and finally 
the remaining oxyd of tin and the reft of the 
fulphur, unite to form the aurum mufivum 
that remains at the bottom of the veflel. 

It is to be obferved that the foie ufe of the 
mercury in this mixture is to enable the tin to 
be reduced to .powder, fo that the mixture 
may be rimplihcd by omitting the mercury, 
provided the tin is reduced to powder, or other- 
wife divided. 'rhe ammonia of the fal-ammo- 
niac is alfo entirely fuperfluous, and even the 
foie ufe of the muriatic acid is to enable the tin 
to oxydatc itfclf by the dccompolition of w^ater, 
which it elFe£ts by the refulting affinity of oxyd 
of tin for muriatic acid. So that in fa£k the 
only ncccflary ingredients for aurum mufivum 
appear to be oxyd of tin and fulphur, the latter 
in confidcrabJy larger proportion than it exifts 
in the black fulphurct. 

Thefe obfervations will be explained and il- 
luftrated by a fliort abftra£l: of a variety of other 
procefles given by different chemifts, by which 
aurum mufivum may be made. 

The three following are given by Mr. 
Woulfe. 

1. Take ro oz. of black fulphurct of tin, 
(formed by faturating melted tin with fulphur) 
mix it with 4 oz. of fulphur and 2 oz. of muriatic 
acid, calcine the mixture, and heat the refidue 
in a matrafs in the ufual way. This gives a 
tolerably good aurum mufivum. 

2 . "^rake 40Z. of tin, faturate it with fulphur, 
pow-der it well, and mix it with 2 oz. of fulphur 
and I oz. of cryftallized muriat of tin. Cal- 
cine and heat as in the iaft procefs. This gives 
61 oz. of a very fine aurum mufivum. 

3. Mix 10 oz. of black fulphurct of tin 
with 160Z. of corrofive mercurial muriat, put 
it into a retort with a receiver adapted to it, 
and apply a heat for fix hours, at firft with a 
moderate fire, and for the laft three hours the 
rctojt mu ft be red-hot. 

In this procefs the mercurial muriat is decom- 
pofed, a portion of the tin rifes highly oxydated, 
and united to the muriatic acid in the form of 
the fmoking muriat ; another portion remains 
behind, united witli part of the fulphur into 
very beautiful aurum mufivum, whilft the oxyd 
pf mercury unites with another part of the 
fulphur into cinnabar. 

The fame experiment repeated by Pelletier, 
with equal parts of the two ingredients, gave 
the fuming mur«it of tin, running mercury, 
anil aurum mufivun^. 


Brugnatelli ^ gives the following receipt i 

4. Precipitate a folulion of nitrat of tin by 
liquid fulphuret of potafli; dry the precipitate, 
mix it with Half its weight of fulphur, and a 
quarter of fal-ammoniac, and heat as ufual. 

The following *are fome of the interefting 
experiments of Pelletier on this fubje£I. 

5. A folution of 600 grs. of tin \vas made in 
muriatic acid ; to this were added 600 grs. of 
fulpliur, and the whole was evaporated to dry- 
nefs. It was then reduced to powder and 
heated in the ufual way, and gave a fublimatc 
of muriat of tin, mixed with a little fulphur, 
and the refidue at the bottom of the veflel was 
very good aurum mufivum. 

6. Equal parts of tin filings, fulphur, and 
fal-ammoniac, were duly heated : the volatile 
produfts were hydro-fulphurct of ammonia, 
fulphuretted hydrogen gas, fulphur, and feme 
fal-ammoniac, and very fine aurum mufivum 
remained. 

7. Equal parts of black fulphuret of tin and 
muriat of ammonia were mixed and heated. 
The refidue was a black, iridefeent, friable, 
puffy mafs, very different from the fimple ful- 
phuret, and appeared to be oxyd of tin, not 
faturated with fulphur j and in this latter cir- 
cumllance therefore differing from aurum mu- 
fivum. This was confirmed by the following. 

8. Equal parts of tlie black fulphuret of tin, 
of fal-ammoniac, and of fulphur, were heated 
as above, and a good quantity of fine aurum 
mufivum was obtained. As there was more 
fulphur than neceffary, fome fulphuret of am- 
monia was fub limed. 

9. Equal parts of cinnabar and black ful- 
phuret of till heated together, gave running 
mercury and aurum mufivum. Cinnabar con- 
fifts of fulphur and oxyd of mercury, fo that the 
fulphuret of tin in this experiment deprived the 
cinnabar both of its oxygen and its fulphur. 

10. Equal parts of tin putty (fub^oxyHof tin) 
and fulphur gave, after much of the excefs of 
fulphur had fublimcd off, a black brittle mafs, 
vifibly penetrated with fulphur, but no aurum 
mufivum. 

11. Some tin putty was calcined with nitre, 
and thus converted into a white oxyd. Of this, 
6co grs. were heated with 400 of fulphur, and 
the products were, fulphur and fulphureous 
gas, and aurum mufivum. 

12. The oxyd of tin, precipitated from the 
muriat by foda, and mixed with fulphur, gave 
the fame produ£fs as the Iaft. 

13. I'he oxyd of tin by nitric acid, mixed 


^ Ad. Chim. tom 29. 
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With two-thirds of its weight of fulphur, gave 
the fame produ£ts as the lail. 

In examining thefe experiments it appears 
that aiirum mufivum may be made (imply by 
heating fulphur and oxyd of tin, but the tnree 
laft experiments (hew that it is neceflary for the 
tin to be in a (late of high oxygenation. 

Neverthelefs, as in thefe fimple procefles 
fomc of the fulphur js converted into fulphure- 
ous acid, for the oxygen of which no other 
fource but the oxyd of tin appears, it may be 
doubted whether the tin remains in the liigheft 
ftate of oxygenation in the aurum mufivum, 
though there can be no doubt that it is oxy- 
clatcd to a certain degree. 

We may therefore confider this fubftance as 
a fulphuretted oxyd of tin, in which the oxyd is 
faturated with as much fulphur as it can retain 
at a low red heat. 

Aurum mufivum may be made as well, an<l 
much more economically, in a crucible as in 
glafs velTels. To make loor T2lb. of it requires 
about eight hours } but for an ounce or two in 
fmall experiments about an hour will fuffice. 

Aurum mufivum, when w'cll prepared, is 
without tafte, and entirely infuluble in water* 
The acids have no efFodl on it. When muri- 
atic acid is boiled with it, fome fulphuretted 
hydrogen is generally given out and a little tin 
diflblved, but this is owing to die admixture of 
a portion of fulphuret of tin, for if the refid ue 
is wafhed, no fubfequent treatment with this 
acid produces any c(Fe£l. It is in this refiftance 
to the a£lion of muriatic acid, that aurum mu- 
fivum is particularly difiinguifiicd from the 
fimplc fulphuret and the more and lefs oxyda- 
ted hydro-fulphurcts of tin. 

When aurum mufivum is <ligc(lcd with a fo- 
lution of potafli and heated, it quietly difiolvcs 
and forms a green liquid, from which acids 
feparate a yellow powder, wliich is the fupor- 
oxyd.itod hydro-lulphurct, and not regenerated 
aurum niufivtim. 

If mofaic gold is Iieitcd ftrongly in a clofe 
vefiel, (that is, to as full a red heat as a glafs 
retort will bear) it is entirely alcercd in its 
nature, a large quantity of fulphureous acid gas 
is given out, fomc fulphur fublimes, and the 
rclidue, which is nearly five-fixilis of the whole, 
is a black bri’liant metallic-looking mafs, which 
appears to be chiefly fulphuret of tin. A (Irong 
heat therefore cauies tlic union of part, if n t 
all, of the oxygen cf the aurum fhufivum, W'ith 
that portion of the .fulphur whicli flies off as 
fulphurous acicL 


Phofphorus unites with tin with great ea/et 
cither liireclly by project iu pnotphorus on 
melted tin, or by heating vitreous phofphoric 
acid or phofphat of ammonia with tin, with or 
without the addition of charcoal.* In the for- 
mcr method a white regulus is obtained, cryilal- 
Itzcd externally, w^eighing from iz to 15 per 
cent, more than the tin. When this phofphurct 
is dilUlled with corrofive mercurial muriat, the 
produ£ls are frnoking muriat of tin, running 
mercury, atul phofphurcttcd hydrogen gas, anti 
ill the retort there remains a tiiinid niafs, com- 
pofed of phofphorus ami oxyd of tin. Wlum 
equal parts of vitreous phofphoric acid and tin 
filings are heated together, after the mixture 
has been a little time in fiifion, flaflies of in- 
flamed phofphorus break up from the furface, 
and if it is immediately afterwards removed, tw’o 
diftinft fubfiances are found in the crucible, 
the lowed of which is phofphurct of tin, wdiich 
is foft enough to be cut by the knife ; when 
hammered it extends, but fplits into laminx; 
has a filveiy ludre in the recently divided furface, 
and burns before the blowpipe with a phofphoric 
flame, and a globule of pure tin is left, covered 
by a trail fparent glafs. Above the phofphurct 
of till is a b'ack glafs, colliding of oxyd of tin 
and phofphoric acid. In this procefs both the 
till and the phofphoric acid arc divided into 
two portions, part of the tin is converted into 
oxyd of tin by deoxygenating a part of the 
phofphoric acid, and fufos with the remainder 
of the acid into a black glafs : whild the red of 
the tin unites with the lieoxygenaled phofphoric 
acid (that is to fay, the pho^phol u^) into rlie 
metallic phofphuret. 'rhis decom poll t ion takes 
place at a very moderate lieat, fcarccly more 
than what is rv'cjuired for the fuiion of tin. 

Tin unites with mod of the iv.ctals, and fome 
of ihcl'e ailt»ys are much ufod in the arts. Of 
thefe the moll important arc : the al’c'v of tin 
and copper, with other additions, which forms 
bronze, belhmotal, fpcculum-mctal. See, and 
wdiich has been deferibed under the article 
Coper* R ( Alloys cf)\ the alloy of tin and lead 
ill equal parts, which forms the common plum- 
ber’s folder : the allnv of t'o. and bilnnith, 

wWch forms the very fufiblc compounds de- 
feribed under Uismuth : the amalgam of tin 
and mercury ufed in filvcM-’nij; i lirro. s. ihe 
cefs of which is mentioned under the article 
Gi.ass, and the alloy commonly called Pewter. 

Pewter was formerly more extcnfively ufed 
than-, perhaps, any < 1 '.c ni< t.:ihc *•.!< y, being 
the common material for plates^ diihes, an4 
;:icr. 
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ether domeftxc utenfilSf but its ufe i$ now al- 
moft univerfally fi^rfedcd by pottery, which* 
is lighter, more eanly kept clean, and cheaper, 
tliough lefs durable. Tlic name of pewter 
has been given to any malleable, white alloy 
into which tin largely enters, and its coinpo- 
tion is fo various that hardly any two manufac- 
turers employ prccifely the fame ingredients and 
in the fame proportion. The fincft hind of 
pewter contains no lead what wer, but conhlls 
of tin with a fmall alloy of antimony, and 
fometimes a little copper. 'VValiorius ^ives the 
proportions of 12 parts of tin, i of antiinony, 
and about of copper.^ A very Zinc metal is 
made of 100 parts of tin, 8 of antimony, i of 
bifniuth, and 4 of copper. The ufe of tliefe 
additions to tlie tin Is to harfh'n it, and pre- 
ferve its whitenefs, and this fine kind of pewter 
takes a very high polifli, has a bcaiiiifui filvery 
luflrc, and is not readily tarnilhed. 'I’in, with 
a little zinc or brafs, makes a very line hard 
alloy. In all thefe fuperior kinds of pewter, 
the tin forms by far tlic greater part of the 
mixture. 

It is to be obferved that the antimony is fo 
intimately united to the tin, that it is not vola- 
tilized wnen ftvongly heated, or only in a very 
fmall degree, and it is noteaCly diflbived by any 
weak acid, fo that there is no danger of pro- 
ducing the common eiTeffs of this metal in em- 
ploying this kind of pewter. There is a na- 
tural limit to the ufe both of all the brittle 
metals, and of copper in alloying tin, which 
is the brittlenefs which they impart to the 
alloy when they exceed certain proportions. 
But it is not fo with lead, which may be 
mixed with tin in any proportion, and the alloy 
will remain perfeffly malleable; and this, witn 
or without other fnialler additions, forms the 
ordinary pewter, fuch as is, ufed for meafurcs 
for liquor, and many fnialler purpofes, and in 
other countries of Europe, for many other do- 
meilic ufes. As lead is by much the cheapell 
of, the two metals, it is the interefl of the ma- 
iiufa£lurer to employ it in as large a proportion 
as pollible, but as much danger to health may 
be apprehended from this noxious metal, this 
fubjert was examined particularly by a commif- 
fion from the French government of feme very 
able chemifts. Thefe gentlemen found, that 
when wine or vinegar is allowed to iland in 
veflels compofed of an alloy of lead and tin in 
difForent proportions, the tin is lirft diflbived, 
that^he lead is not fcnfibly oxyd.ited by thefe 
liquors, except at the line of contact of the air 


and the liquor, and that no fenfiblo quantity 
of lead is diflbived even by vinf*gar after Ifand- 
ing for fome days in veflels that contained^ no 
more tlian about 18 per cent, of 'ead. There- 
fore as no noxious efleft is produced by the 
very minute quantity of tin which is diflbived, 
a pewter may lic confidered as perfe£kly fafe 
wliich contains about 80 or 82 per cent, of tin; 
and where the veflels are employed merely for 
n^.cafures, a much lefs proportion of tin may be 
allowed. But the common pewter of Paris was 
found to contain no more than about 25 or 30 
per cent, of tin, and the remainder was lead. 
'I'he fpccific gravity of a mixture of tin and lead 
is l:fs than the mean fpccific gravity of the 
fame proportion of the two metals feparately, 
conloquently the bulk of the alloy is greater 
than the bulks of the metals before union, which 
is the contrary to what happens in moft other 
alloys. This alloy when in equal parts forms 
alfo the common plumbers’ folder. When 
melted it oxydates at its furface with great ra- 
pidity, much more than even either of the 
metals feparately, and this oxyd is the balls of 
the iineft Rnamel WhiUm 

The ufes of tin are confiderable. It is em- 
ployed for many purpofes in fine leaf about the 
thicknefs of writing paper, when it is called 
Tin-foilm This is made from the very fined tin 
which is firfl cad into an ingot, then laminated 
to a moderate extent, and afterwards beat out 
with a hammer, with very great manual labour 
and (kill till it is brought to the requifite thick- 
nefs, and extended perfe£lly uniformly without 
any flaw or break. The otner ufes of tin are, 
very largely, for tinning iron and copper, in 
pewter, folder, and other alloys; and the fiilts 
of this metal are employed in dyeing. 

TINNING of Iron and Copper m See Iron 
and Tin. 

TINCAL. See Borax. 

TING LASS. See Bismuth. 

TINC rURE. A tinflure is commonly un- 
derdood to bo a coloured infufion of any fub- 
dance in alcohol. It is a preparation much em- 
ployed in pharmacy with many of the articles 
of the materia tnedica, particularly vegetable 
barks, aromatics of all kind, and many of the 
refins and gum-refins, which vield to alcohol by 
infufion that part or their nibdance in which 
mod of the medicinal virtue refidcs. 

TITANIUM. 

This is a metal of a copper red colour, 
very diflicult of fufion, foluble in muriatic acid,^ 


* tCQSihudi Wortcrbuch. 
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and prccipitftble from this -men (Iruum of a blood 
red colour by tinClure of galls. 

I • • • 

Sp. I. Titanitc. -RuthU^ Wern. RuthiU^ 
Broch. Titane oxsdi^ llauy. Red Schorl^ of the 
older mineralogills. 

Its colour is dark blood red, palling into rod- 
dilh brown and copper red. It occurs only 
cryftallizcd. Its primitive form is a (trait prifm 
with a fquarc bale, l^he other forms that it 
prefcnts arc moll commonly genieulatcd, that 
is, united by pnc of its extremities with a 
(iinilar cryftal, fo that the two together form a 
very obtufe angle. Sometimes it happens that 
a cryftal is terminated only by a.fmall fragment 
of another, giving to it the frj')pearancc of an 
imperfect pyramidal termination. Befides the 
.above afccrtainable forms, capillary cryllals are 
not unfrequently met with \ they are elilicr 
finglc, or bundled or groiipetl together like n(‘t 
work, the interlliccs being in the form of equi- 
lateral triangles. The larger cryllals arc longi- 
tudinally ftriated. The principal ira^lure of tliis 
mkicral is foliated in two dire£lions, with a 
luftre brightly fliining, between feini-metallic 
and adamantine ; its crofs fra£lure is iniper- 
fe£lly conchoidal, palTing into uneven, with a 
gliftering luftre. The thin cryllals are (lightly 
tranllucent, the others are mollly opake. Its 
hardnefs is nearly equal to that ef quartz, but 
it is brittle and eaftly frangible. Sp. gr. 4.1— 

4.24- 

It is Infulible without addition before the 
blowpipe, but with borax it forms a glafs of a 
hyacinthine red colour, which by expofure to 
the external blue flame, becomes fucceflively 
blue, green, and white. When expofed to a 
high heat in a charcoal crucible it breaks to 
pieces, and becomes of a pale brown colour. 

The titanitc of Hungary has been analylbd 
by Klaproth, and appears to be pure ox yd of 
titanium mixed with a little filcx ; that from 
Spain appears from the fame authority to be at 
leaft equally pure. The titanite of AfchalFen- 
burg according to Klaproth, and that of Friuli 
according to Vauquelin, contain a minute por- 
tion of mangancle and iron. 

It occurs near ivofenau in Hungary, and at 
Cajuelo near Buitra^o in New CalliJlc in Spain, 
implanted in rock cryftal, in a mountain of 
gneifs; at St. Gothard, in the cavities of gra- 
nite mixed with rock-cry Hal, adularia, and 
chlorite : in the Saltzburg mountains imbedded 
in tremolite; near St. Yrieix in la Haute 
Vienne in France, in rounded cryllals difperfed 


in un alluvial bed. It has alfo been foinld at 
Sarnpulka in Siberia, and in New Granada in 
S. AmericM.- 

Sp. 2. Oftohedrito. Anuliifc^ Hauy. 

This mineral lias already been defcrlbcd un- 
der the name Anatase, which fee. 

Sp. 3. Cakaroo-liliccoiH titamte. Trfnnit^ 
Khipr. g* Broch. Ti/itfie fdicrG-^calcaire^ 
Hauy. 

Its colour is brot^hufli-rcd, blackifli-brown, 
yellowHli-brown, and yr'Ilowilli-whitc. it oc- 
curs ninllivc, diilbniinatefl, anil ciyllallizcd. 

Its primitive form is a llrait rkomboldai p.ifm, 
the alternate angles of which meafurc 137^* and 

43;; ' . . 

'i"hc other forms that it prefents are, 

1. A rhdmboidal prifin witli dlliedral fum- 
mits, in which the lateral faces arc trapeziums, 
and the terminal ones triangles. 

2. The fame with each i/f the terminal foliii 
angles replaced by two triangular facets, thus 
making the planes of llic prilin lengthened 
hexagons, while thofe of tlic lummit conlift of 
four triangular and two pentagonal facets. 

'I'hc cryllals are fmall and commonly imbed- 
ded fnigly. Its longitudinal fradlure is foliated, 
pafling into radiated with a glilleniiifl; luftre; 
the crofs fra£lurc is llat-conchoidal palTing into 
even, and has little or no lullre. It is opake,. 
but fometimes tranllucent on the edges. It is 
confidcrably hard, but brittle and caflly fran- 
gible. Sp. gr. 3.48 — 3-51. 

When expofed without addition to the blow- 
pipe it only Ihcws a commencement of fuHon; 
in a clay crucible it undergoes no change at an 
intenfe lieat; but in a charcoal crucible it melts 
at a high temperature into a black opake fcoria. 

Specimens of this mineral from Pallaw have 
been anaiyfed by Klaproth, others from Aren- 
dahl by Abildgaard, and others from St. Go- 
thard by Cordier, with the following refults, 

Klapr. — Abild. — Cord. 

33 “ 5 S -74 — 33-3^ Oxyd of Titanium 

35 — 22.08 — 28. Silex 

33 — 20.18 ■— 32. Lime 

lot lof.co 93.3 

The dark coloured cryllals alfo contain oxyd 

of iron, according to Vauquelin. ^ 

It occurs in the neighbourhood of PalTaw in 
Bavaria, at Buocn in Norway, and at St. 6o« 
thard in Switzerland. 

Sp. 4. Menachanite. Menach -n Nigrin^ 
Wern. Titane oxyde Jerrif ire. Hauy. 

31a 
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Its colour Is iron«black pafling to greyJfh ami 
brownifli'black. It occurs ui llattifh angular 
grains and fmall lumps. Its internal luftre is 
moderately glillening, between feini-metallic 
and adamantine. Its fnrdlure is imperfc£lly 
foliated, pafling into fine-grained uneven. It 
is opake j is •brittle but bard, lb as not to bo 
cafily pulverizable. Its ip. gr. when in finall 
grains is not readily detei inined, wheii in larger 
pieces it amounts according to Klaproth as high 
as 4-74. 


From CtJrnwall AschafTniburff 

Olilnpian 

Bavaria 

By Klapr. 

Klapr. 

KJapr. 

Vauq. 

45-25 
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78. 
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0.25 

O. 

2. 

2. 

3-5 

O. 

0. 

O. 

100. 

ICO 
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It was firft difeovered by Mr. Gregor mixed 
with quartz fand, in the betl of a rivulet in the 
valley of Menachan in Cornwall. It has fince 
been found imbedded in quartz near AfchaflTen- 
berg in the Spcfliirt forelt; alfo at Bodenmais 
in Bavaria, at Oh i apian in llungary in aurifer- 
ous fand \ in the Uralian mountains in Siberia, 
and at Botany Bay in New Holland, iJwc. 

Sp. 5. Iferin. 

Its colour is iron-black inclining to brownifli. 
It occurs in fmall angular grains and in rolled 
pieces, with a rough ftrongly glimmering fur- 
face. Internally it is gliftening with a femi- 
mctallic luftre. Its fradlure is more or lefs 
perfe£lly ,conchoidaI. It is opake, hard, and 
Wittle. bp. gr. 4.5. 

Before the blowpipe it melts into a blackifh 
T>rown glafs, which is (lightly attradled by the 
magnet. It is (aid to be compofed of, 

59.1 Oxyd of Titanium 

30.1 Oxyd of Iron 

10.2 Oxyd of Uranium 

9 ^>4 

It has hitherto been found only in the Ric- 
fengebirge, near the fource of the river Ifer, 
in granite fand. 

5. a. Anahjlt Ores^ 

The analyfis of the ores of titanium, though 
very fimplc, is however very imperfect, as we 
are hitherto alinoft entirely unacquainted with 

* Klapr. Analyt. li.fr. Vol. 1 . p. 496. Journ. clet Miaes. 


Some varieties are nearly as magnetic as iron 
find; others though not attradlible by the 
magnet are yet capable of afFefting the polarity 
of a fiifpcnded magnetic needle; while other 
varieties have no ad ion whatever on the mag- 
net. 

This mineral confifts of oxyd of titanium 
combined witli oxyd of iron and a little maii- 
ganefe, but the proportions are liable to much 
variation. 'fhe following are the refill ts of 
fome of the principal analyfes. 


Botany Bay 
Chenevix 

Uralian Mountains 

J.ci\vi tz 

40. 

53 - 

Oxyd of Titanium 

49. 

47 - 

Oxyd of iron 

0. 

*0. 

Oxyd of Manganefe 

II. 

100 

0. 

100 

Silox 


the compofition either of the falts or oxyds of 
this metal. 

'I'hc only menftruum of fufficient adivity 
to be employed in the analyfis of thefe ores is 
fixed alkali, and this is more eflicacious when 
carbonated than when cauftic. n^he method 
followed both by Klaproth and Vauquelin, in 
the analyfis of titanite, is the following. 

a. Having ground the ore to a very minute 
powder, let it be mixed with five or fix times 
its w^eight of carbonated potafli, and brought to 
a ftatc of fufion in a crucible. The melted 
mafs when poured out will be of a green colour 
if any iron and manganefe are prefen t, but 
otherwife of a pearl-grey colour. The fufed 
mafs after being pulverized, is to be digefted 
in repeated portions of liot water, till every 
thing foluble is extraded, after which there 
will remain a reddifli white powder, which is 
nearly pure carbonat of titanium. 

h. The alkaline folution contains only a little 
(ilex and alumine, with the oxyds of manganefe 
and iron, which are to^be feparated in the ufual 
way. 

'I'he calcarco-filiccous titanite was thus ana- 
lyfed by Kliiproth.*> 

a. 100 grs. finely pulverized were ignited 
for an hour with four times their weight of 
cauftic potafh, the refulting'inafs was fofiened 
with water, and digefted with an excefs of 
muriatic acid ; the whole was thus difiblved 
except T2 grs. of (ilex. 

b* The muriatic folution was decompofed by 

I No. ij, p. za. ^ Aaalpt. EiT. Vol. 1 . p. 2x4. 
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' carbonated potafhi and the precipitate thus ob- titanite were mixed with co parts of calcined 


tained, after being warned and dried, was again 
digcllcd with muriatic acid, which left behind 
2>3 grs. of filex. 

c. The preceding folutlon was now com- 
bined with cauftic ammonia, which threw 
down 62 grs. of a ycllowifli white precipitate, 
that was fubfequently reduced by ignition to 
33 pure oxyd of titanium. 

J. The refidual fluid when faturated at a 
boiling lieat by mild potafli, aflbrded 33 grs. of 
carbonated lime. 

rhe meiiachanitc of Bavaria was thus ana- 
lyfcd by Vauquclln.^ 

a, 100 grs. finely pulverized were melted in 
a filvcr crucible with 400 grs. of cauftic potaili, 
during an hour and a half. The fufed mafs 
was of a green colour, and aflbrded with water 
a green folution, a brick red powder weighing 
124 grs. remaining behind. 

The above 124 grs. were boiled for an 
hour w'ith cauftic potafli, and the folution after 
faturation with muriatic acid was treated with 
carbonat of potafli, w'hich threw down 3 grs. 
of oxyd of titanium. 

c. 'The rcfiduc of the 124 grs. wms digefted 
with dilute muriatic acid, which foon acquired 
a yellow colour, and left behind 46 grs. of a 
reddilh wdiitc pow'der, which was oxyd of tita- 
iiluni. 

d. The yellow muriatic liquor wms faturated 
by ammonia, and affbrded 50 grs. of brown 
uxyd of iron. 

e. The green alkaline folution w-as fu- 
perfiiturated with muriatic acid, and acquired a 
bright red colour, which during evaporation en- 
tirely difappeared. 'fhe falinc refidue was 
again perfcfHy foluble in w'ater, tlius fliewing 
the total abfence of filex ; on the addition of 
carbonated potafli, it yielded a precipitate 
W’eighing 2 grs. wdiich was carbonated man- 
ganefe. 

§. 3. Chemical Properties, 

Several attempts, though with but imperfeft 
fuccefs, have been made lo reduce titanium la 
the* metal lie ftate. The fait fele£fed for thefe 
experiments by Vauquelin,** was the carbonat, 
which after being formed into a pafte with fifli 
oil, was placed in a crucible lined wdtli a mix- 
ture of clay and charcoal, and expofed for three 
quarters of an hour to an intenfe heat. A 
blackifh fpungy mafs was thus obtained, wdiich 
in fome parts prefented a reddifti metallic ap- 
pearance. 

In another experiment ico parts of native 
* Joorn. dcs Mines, No. 19. p-iS. ^ Ditto, 


borax, and an equal quantity of charcoal; the 
mafs thus produced was placed in a lined cru- 
cible, and heated for an hour and a half in a 
forge furnace. An agglutinated brittle mafs 
was thus obtained, the external colour and 
luftre of wliich greatly refcmblcd that of cop- 
per. . Being broken and expofed to the air 
while it was yet hot, its red colour pafled in 
fome places to purple and then to blue. Lam- 
pad i us® is faid to have fuccccdcd lUlI more 
coniplcatly, by decompofing the gallat of tita^ 
nium by means of fixed alkali, and llrongly 
heating the oxyd thus obtained in a charcoal 
crucible. The refult of this procefs is a me- 
tallic mafs of a dark copper colour with confi- 
derable brilliancy; it is very infufible, is com- 
pofed of nightly cohering fcales which indivi- 
dually are moderately elallic. It tarniflies by 
expol’ure to the air, is converted by heat to a 
blue oxyd, detonates with nitre, and is readily 
afted on by all the ftrong acids. 'The metallic 
mafs obtained by Vauquelin, exhibited the fol- 
lowing properties with acids. The nitro-muri- 
atic acid converted it fuperficially into a white 
pulverulent oxyd. The muriatic acid difen- 
gaged a largo quantity of hydrogen gas, and a 
confiderable quantity of ‘white flocculent oxyd 
was obferved floating in the liquor. Concen- 
trated fulpluiric acid at a boiling temperature, 
diflblved a portion and converted the remainder 
to a white oxyd, fulphureous acid gas being 
difengaged; and the fulphat of titanium thus 
produced exactly rcfembled that obtained by the 
oxyd of this metal. 

J'itanium appears capable of tlirce dates of 
oxydation, diilinguiflicd by the colours blue, 
red, and ycllowifli white, the latter being tlie 
faturated or per-oxyd. With regard to tlie 
proportion of thefe two ingredients in the dif- 
ferent ox yds, fcarccly any thing certain is 
known, only it may be concluded with fome 
probability from tlie refult of an analyfis by 
Vauqueiin, that the red oxyd in palfing to the 
ftate of white oxyd acquires about 1 8 percent. 
From the fmic experiment by Klaproth indeed, 
it would be concluded that tlie augmentation 
was 'about 24 per cent. ; tlic diflerence is not 
very great, and the truth may perhaps lie 
between. 

'rhe white oxyd when heated acquires a 
lemon yellow colour, which however difappears 
again in proportion as it cools. In this ilatc it 
ields a little to concentrated fiilphuric acid, 
ut is not diflblved by any other lii|uid men- 

Ij. p. 2X. Vhil. Mag. Vol. xvli. p. 95. 
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ftruum Cither acid or alkaline. By TuHon with 
a carbonated alkali it is converted to a carbonat 
inlbluble in water, and thererore capable of be- 
ing readily Separated by this fluid from the 
mixed alkali. 

• Carbonat titanium is foluble in the cold^ 
by either of the tlirce mineral acids moderately 
diluted, the carbo,iic acid efcaping at tlie fame 
time by eflervefeeiice, but on ‘ eating tliefe fo- 
lutions they arc all dccon'ipcf d, a vi idte e* 
being precipitated, or rather half feearating from 
the liquid fo as to make it white like milk. 
When the nitrat of titanium is tints heated, 
there is a cotindcrablc clifengageinciir nitrous 
ga^j previous to its decoinpofitioii, which fliows 
that in this cafe the oxyd becomes iufoluble by 
abforbing an additional poition of oxygon. 
When the muriat of titanium on the tither 
hand is docompofed by heat, there is a very 
fcnfible difengagtment of oxymuriatic acid, 
thus flicwing fliat the infolubility of the oxyd 
in this cafe is owing to its being deprived oi a 
portion of oxygen. This Angular circumftancc 
is further demonflratcd by the ready folubility 
in muriatic acid of the oxyd that has been de- 
pofitcd from the nitrat. 

The alkalies both cauftic and carbonated de- 
compofe the falts of titanium, throwing down 
a white oxyd in the one cafe, and a carbonated 
oxyd in the other. The arfcnic and phofphoric 
acids alfo throw down a white precipitate. 
'I'he tartarcous and oxalic acids afford a white 
precipitate, rcfoluble in an additional portion of 
acid. Hydrofulphuretted water occaflons no 
turbidnefs, but an alkaline hydrofulphuret af- 
fords a dirty brownifli green precipitate ; the 
reen colour however is probably owing to a 
ight contamination of iron. Prulliat of potafh 
affords a copious precipitate of a green colour, 
which does not become blue by expofurc to the 
air according to Vauquelin, of a grafs-green 
colour mixed wiili brown according to Klap- 
roth, but of a dirty ycllowifh brown according 
to Lowirz ; a muriatic folution of the titanium 
in anatafe was obferved' by Vauquelin to give 
with prulfiat of potafh a cliefnut brown preci- 
pitate. Tind^ure of galls, or gallic acid, throws 
down a bulky browniih red precipitate, which, 
except the folution is much diluted, in a fhort 
time becomes clotted like blood : this precipi- 
tate when wafhed and dried greatly rcfembles 
kermes mineral. 

If into a vial filled with muriat of titanium 
there be put a flick of tin, and the vial be clofed 
by a flopper, a faint rofe colour will foon be 
vifiblc ill tliat part of the folution adjacent to 


the tin, which by degrees will deepen to an 
amethyftine red, and extend through the whole 
liquor. If a flick of zinc be fubftituted to the 
tin, the colour of the iciution will be firfl; violet 
and at length indigo-bluc : this coloured liquor 
when gently warmed in a fliailow veffcl in con- 
ta£l with tne air, will lofe its colour, and de- 
pofit a bulky white precipitate, again foluble in 
n.uriatic acid, and apparently differing in no- 
thing from the origi: al muriatic folution. 

It is not known whether titanium combines 
wdth fulphur, it may be made however to unite 
Mi'ith phofphorus in the folk wing way. Mix 
the phofphat of titanium with charcoal and 
borax, and heat the mafs firongly in a blafl 
furnace, the refult will be a button of titanium 
of a pale white colour, and metallic luflre. 

Various attempts have been made by Vau- 
quelin to alloy titanium with the other metals, 
but wholly without fuccefs, where lead, arfcnic, 
copper and filver, were employed, and with only 
very dubious fuccefs, when iron was made ufo 
of. 

Both the white oxyd and titanite in fiibflance, 
according to Klaproth, afford wlien mixed with 
enamel flux, a flraw-yellow colour, and it ap- 
pears from Le Lievre, that it w as iifed in the 
porcelain manufa£lory at Sevres as an ingredi- 
ent in the rich browns, but the difficulty of 
obtaining from it an uniform tint, has at length 
occafioned it to be abandoned. 

TOADSTONE. See Trap. 

TOEPFER'rHON. Sec Clay potters’. 

TOPAZ. Topas, IVern, Topaze, Hauy 
and Broch^ Topaz of Brazil, of Saxony, and 
of Siberia. Occidental 'Eopaz. 

Its mofl ufual colour is wine yellow of dif- 
ferent degrees of intenfity; it alfo occurs nearly 
colourlefs, yellowifh and b'liilh white, and pale 
fky-blue, alfo greenifh-grey, rofe-red, and peach- 
flower red. 

It is found in mnfs, diflemlnated, in rolled 
fragments, and cryflallizcd. Its primitive form 
is a llrait prifm, with rhomboidal bafes, the al- 
ternate angles of wliich mcafure 1 2 ;® and 56°. 

The other varieties of cryAaliization that it 
prefents are the following. 

1 . An eight-fided prifm, the planes of which 
join one another, forming two oppofite angles 
of 1 24% two others of 93®, and four others of 
161®. The prifm is terminated by tetrahedral 
pyramidsk 

2. The preceding, with the edges of the 
terminal pyramid that adjoin the two fmallefl: 
angles of the prifm very deeply truncated, fo as 
to form fometimes ^ hexahedral, and fometimes 
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even a cuneiform fummit; die former termma* 
ti 6 \\ is ob&rvable in the Brafilian^ and the latter 
in the Siberian topazes. 

3 * The preceding, with a hexahedral fummit 
' deeply truncated, fo as to form a regular hexa- 
gonal plane. 

4. The preceding, with the edges of the 
priim that are adjacent to the two fmalleft angles 
replaced each by two fecondary planes, mus 
forming; a dodecahedral prifm. 

5. "^Ine preceding, with the lateral, and fome- 
times the vertical edges of the fummit bevilled. 

The cryftals are generally fmall and middle 
lizcd; their lateral faces are generally longitu- 
dinally ftreaked, and fometimes convex. The 
luftrc both externally and intenially, is ufually 
biighliy ihining, vitreous. The crofs fradlure 
is ibrait lamellar, the longitudinal is fmall and 
imperfcci.y conchoidal. It varies from tranf- 
parent to tranflucent, and poiTcnes a double rc- 
fradbion. When in mafs it occurs in coarfc and 
fine granular difiind): concretions. It fcratches 
quartz but is inferior in hardnefs to the ruby. 
It is eaiily frangible. Sp. gr. 3^46—3.56. 

It is infufible per ft before the blowpipe, 
but melts without intumefcence by the ailifb- 
ance of borax. The Saxon topaz by a gentle 
heat becomes colour lefs without undergoing 
any other change, and in this Ibate is fometimes 
fold for diamond ; at a higher heat however it 
becomes opake. The Brazilian topaz, when 
ignited in a crucible, becomes of a rofe-red 
colour, and is then often called by the jcw'cllcrs 
Brazilian ruby. 

The Brazilian and Siberian topazes are ren- 
dered eiedbric by heat. 

According to the (irft analyfs of this mineral 
by Vauqueiin, its component parts appeared to 
be, 3 1 Silex 

68 Alumine 

99 

Klaproth however afterwards detected the 
prcfeiice of fluoric acid in conllderable abund- 
ance, which i nduced a fecoiid analylis of it by 
Vauqueiin,* a^'roiding to which it confilbs of, 

29 Silex 
50 Alumine 

2 1 (or thcieabouts) Fluoric acid 
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riiomarga, forming an aggregate which hai eb* 
tained the name of topaz ro». It is found in; 
Bohemia at Schlackenwald in veins mixed with 
tinflone, fluor fpar and mifpickel. The Sil)eriaii 
topazes are found in the Uralian mountains, 
near Ekatcrinenburg, and in Daouria in the 
ntountain Odontchelon, imbedded in graphic 
granite, and accompanied by blackilh quartz 
and aquamarine. Topaz alfo occurs in Brazil, 
and at Muckla in Natolia, alfo in Begu and* 
Ceylon. 

It ranks as one of the gems, but is not very' 
highly valued. 

TOPAZ Oriental. See Corundum. 

TOPAZ falfc. See Fluor Spar and 
Quartz. 

TOPFSTFJN. Sec Potstone. 

TOUGHS rONE. See Ki kselschiefer. 

TOURMALINE. See Schorl in the Ail- 
denda at the end of the volume. 

TRAGACANTH GUM. fiee Mucilage. 

TRANSFER. An article of apparatus, for 
a deferiprion of which fee the Appendix. 

TRAP. 

The term Trap is Swcdifli, and (ignifies a 
flair. It was firfl applied about fixty years 
ago, by fomc Swedifli mlneralogills to de- 
fignate a certain clafs of mountains, conipofcd 
of nearly horizontal (Irata with pcrpomlicular 
breaks, wdiich thus prefented a rud-‘ refem- 
blance to a flight of flairs. In conic quence of 
the vaguenefs of this eirenii il cliar.i^lrr, many 
fpecies of rock ditfering very much from caen 
other were called by tJic fame iii-mc, ;u)»l inex- 
tricable confuiion would foon have ( lifiicul, if 
Werner had not by adoptiiig and vtilucfing 
the termj bellowed on it a definite me ning. 

According to Werrarr there arc' ihree clif- 
tincSl claflcs or formations of iv*elv^ to which 
the term trap may be applied, i/f iheJe, ilie 
firfl clafs belongs to the i rimilive mountains, 
the fecond to the tranfition nanintains, and the 
third to the fecondary mountains. 


Topaz occurs at Schneckenftein in Saxony 
mixed with quartz, black fchorl, mica and li- 


§ I. Primitive Traps. 

The primitive traps are con pot'ed elR'tnuilly 
of hornblende, not Uiifrccjiientiy mingled with 
fe fpar, and more larely with pyrites and mica. 
There are four diftincl fj cci"*s of rocks belong- 
ing to this forn).iiioi!, namely common horn- 
blende, fei'iltcjfe f.ornblende, priw*itivc grlin- 
ftein and fchillofe grlinflein. 

*^rhe common kotnlUmle rock is no other than 
the fubflance alreauy deferibed in the article 
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Houmblvndb. It is fometimes a congeries of 
large imperfea cryftals, but more generally of 
grains, which lafl: are often fo minute at to give 
the whole rock a compafk appearance. 

Schtflofi Hornblende rock is for the mod part 
compofed of the fubilance from which its 
name is derived; it is however occafionaHy 
mixed with quartz, aftynolite and pyrites, 
'rhis rock does not exclufivcly belong to the 
trap formation as it forms fubordinatc beds in 
giicifsi micaceous fcbiflus, and argillite. It 
pjfTes fcmetimos into grUiulcin. 

Primith^e grut^thiy or green done, fo called 
from its colour, is an aggregate of hornblende 
ajid fehpar. It difF*rs in little or nothing ex- 
cept its Htuation from fienitc. VFhere are three 
varieties of tliis rock ; in one the hornblende 
and feli’par are intimately and immediately ag- 
gregatoil and its texture is fimply granular; in 
tlie fccond variety, the grains of which it is 
compofed arc fmallcr th m in the preceding, 
and in this aggregate, as in a pade, are im- 
bedded cryftals .of feJfpar; hence its texture is 
at the lame time finely granular and porphy- 
ritic \ in the third variety the particles of fel- 
fpar and hornblende compofing the pade, are fo 
minute as to be indidinguiihable, hence its 
fra£lure is compart and even iplintery » in this 
are imbedded crydals of felfpar. '1 he green 
antique porphyry belongs to this variety. 

&chiflofe grufijlein is compofed of compart 
felfpar and hornblende in nearly equal propor- 
tions, mixed with a little mica, and,. more 
rarely, with quartz: it has a fchidofe texture. 

This rock is not peculiar to the primitive 
trap formation, being found fometimes to alter- 
nate with argillite. 

Griindeia is not unfrequcntly traverfed by 
metalliferous veins. 

^ 2 . Trnp% of Trafiftiion. 

The principal material of the rocks that be- 
long to tliis form ttion is granular griinllcin; 
but in the tranfition traps tlie mixture of the 
ingredients is more intimate, the grain is iircr, 
and the mafs appears more homogeneous. 'Fhe 
two following are its principal varieties. 

Amygdaloid. — 'Foaddone, Mandeldcin . 

The niafs of this rock is fchidofe hornblende 
or fchidofe grlindein in a date of femi dccoin- 
pofirion refcinbiing Wakke or fine ferruginous 
clay. It contains a number of globular cavities 
from the fize of a pea to that of a fmall apple ; 
of llicfo cavities fume contain nothing but air, 
and are coated on the infide with a kind of 
varnilh; others contain balls of calcareous fpar. 


quartz, and chalcedony, the latter compofed of 
concentric layers round a hollow nucleus lined 
with crydals of quartz. The toaddone of 
Derby fliire is confidered by Werner to belong to 
this variety. 

Globular Trap. Kugeltrap. 

This is compofed of fchidofe griindcin in a 
date of femi-dccompofition, arranged in fphe- 
roids of varitMis magnitudes, and compofed of 
thick concentric lamellar didinrt concretions. 

The traps of tranfition appear not to be dra- 
tified; they form foJitary conical mountains in 
the vicinity of tranfition limedone, and contain 
very few metallic veins. 

§ 3. Secondary^ or Floct% Traps. 

The rocks cr drat a be? longing to the fecon<l- 
ary trap formation may be divided into thofe 
which are peculiar and cbarafteridic of it, and 
thofe w^hich are accidental. 'Fhe former arc 
bafalt, wakke, bafaltic trap, fccondary amyg- 
daloid, klingftcin porphyry, graudein, and fe- 
condary griinllcin. Among the latter may be 
clafieil, rubble and fanddone, clay, coal, and 
buum'.n.nus wood. 

Uafaltic Tock^ is compofed for the mod part 
of the mineral already doferibed in the article 
bafalt. It is ufually porphyritic, and then con- 
tains crydals or grains of felfpar, olivine, ;*u- 
gite, bafaltic hornblende, • magnetical iron, Icu- 
cite, quartz, and, rarely, mica, artynoiitc, and 
chalcedony. Sometimes it affiimcs the ainygda- 
loidal drurturc, and its cavities are then either 
empty or filled with zeolite, dcatite, calcareous 
fpar, and even fometimes wuth v\ater. Of all 
the rocks belonging to the fccondary trap form- 
ation, bafalt is of the mod frequent occurrence; 
it forn^s by itfclf wliolc moTintains, and the en- 
tire feries of rocks witli which it is adbcia.ted, 
may bo with much propriety, and is artually 
by fome mineralogids, denominated the bafaltic 
formation. 

IVnhhc rock is compofed of the mineral bear- 
ing this name, mixed v/ith crydals of bafaltic 
hornblende, and particularly with hexagonal 
plates of black mica, by w'hich, and by the 
abfence of olivine and augite, it is dillinguiflied 
from dccompofing bafalt. 

BnfultU Tufa is the refult of the deenmpofition 
or rather of the difintegraticn of certain beds 
of baialt; it confids of pieces of bafalt, frag- 
ments of olivine, and vegetable remains agglu- 
tinated together by an argillaceous ceinei^t. 

Secondary nmxgdtiloiiU appears to have for a 
bafe decompofed grundein, which is often 
penetrated by Tiliceous particles; fometimes it 
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pa^Tes into Wakke and fometimes into bafalt. 
The fphcroidal cavities of this amygdaloid are 
•either empty or filled with green earthy zeolite^ 
calcareous fpar, chalcedony, &c. 

Klingstein porphyry con (ids of a bafe of 
KHngftein in which are imbedded cryftals of 
felfpar, and fometimes of hornblende. It paflcs 
frequently into bafalt. 

Secondary grun/lein, like the primitive and 
tranfition grunftein is compofed of hornblende 
and feii'par, but in this the grains have a lefs 
perfe<^ crydalline appearance. 

Graujle'ttty or grey Hone, is a rock compofed 
of very minute grains of hornblende and fel- 
fpar in a ftate of fuch intimate mixture, as to 
have the appearance of an almoH uniform mafs 
of an afh-grey colour. It contains olivine and 
au^^ite. 

The proper bafe to the focondary trap form- 
ation, or in other wonls the fubdance which 
appean to have immediately preceded it in the 
order of formation, is fecondary limeftone ; it 
is however not unfrcqucntly found rolling on 
fa nd Hone, on argillite, on gneifs, and even on 
granite. 

The general order in which the ftrata of 
this formation arc arranged relatively to each 
•other, is the folimving, viz. coarfe land, fine 
fand, fandy clay, un£luous clay, wakke, bafalt, 
amygdaloid, klingllein porphyry, grlinllein, and 
grauileiii ; it hardly ever happens however that 
all thefe (Irata arc met with in the fame mafs 
of mouniain. 

No metallic veins are found in this clafs of 
mountains, but the remains of vegetable and 
marine organizctl boilies arc of frequent occur- 
rence. 

TREMOLITE. TremoUth^ Wern. Broch. 
Grammatitey Hauy. 

Of this mineral there are the three following 
fubfpecies. 

I Sub/'p* Common TremoHtc. 

Its colour is green ilh-white, fometimes 
greyifti, rcddifli or yellowiili-white, alfo pearl- 
grey, fmoak-grey, and pale brownifli green. It 
occurs in mafs or crydallized. Its primitive 
form is that of an oblique? rhomboidal prifm, 
the alternate angles of which arc 127° and 53®. 
It alfo pr.'fents the foilowiTig varieties. 

I . The primitive tetrahedral prifm with di- 
hedral fummits. Each fnmmit is compofed of 
two ifofceles triangles joined by their bafes, 
having their apexes adjacent to the acute 
angles of the prifm. 

^ 2. The preceding with the acute edges of 
the prifm truncated, whence refulu a hexahe- 
TOL. 


dral prifm, with the terminal triangles, com- 
poling the fummit, alfo truncated at their 
apexes, or in other words converted into trape- 
ziums. 

3. The fame as var. i, with both the acute 
and obtiife edges of the prifm truncated, 
whence refulcs an cight-fided prifm with dihe- 
dral fummits, the-plancs of which arc triangles 
with all their angles truncated, or hexagons. 

The cryftals are middlc-fizcd, longitudinally 
ftriated, cunfufedly grouped together, and im- 
bedded; internally, tremolitc is gliftening or 
Alining, with a pearly Iiiilrc. Its fra£lure is 
broad ftriated with parallel or divergent rays, 
and pailes into foliated. Its crofs traflure is 
uneven. It prefents granular or wedgc-ftiapcd 
diftimSl concretions. It is tranlluccnt, when 
cryftallizcd femi-tranfparent; is generally hard 
enough to fcratch glafs, is brittle, and cafily 
frangible. 

2 Sub/p. Glafly Tremolite. 

Its colour is grcyifii and yelJowifh-white, 
rarely grcenifli or reddifh. It occurs in mafs, 
or in elongated ncedle-lhape cryftals. Inter- 
nally it is more or Icfs Ibining with a pearly 
luftre. Its longitudinal fradlurc is divergiiigly 
radiated palling inso fibrous; its crofs fraflurc 
is uneven. It is compofed of prifmatic diftindl; 
concretions the furfaces of which are llightly 
ftriated. It is tranflucent, moderately liard, 
brittle, and eafily frangible. 

It melts before the blowpipe without addi- 
tion into a white fcoria. Its component parts, 
according to an analyfis by Klaproth, arc 
65. Silex 
X0.33 Magnefia 
18. Lime 
' 0.16 Oxyd of iron 
6.5 Water and carbonic acid] 
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3 Subfp. Afbeftous Tremolite. 

Its colour is yellowifli, reddifh, grecnifli, or 
greyifli white. It occurs in mafs and in capil- 
lary cryftals. Its internal luftre is gliftening 
and jiearly. Its fradlurc is ftrait and fine 
fibrous cither (imply divergent or bundled. It 
prefents granular and wedgc>(haped diftin^k 
concretions. It is tranflucent 011 the edges, 
is foft and eafily frangible. 

The foftcr varieties of tremolite arc phofpho« 
refeent both by heat and by frl£lion. 

Tremolite was (irft difeovered by Pin! in the 
valley of Tremola among the Italian Alps. It 
•ilfo occurs in Mont St. Gothard in bwitzer« 
3 « 
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tan(I» in the Tyrol, Tranfylvania, Moravia, and 
at Langenfeldt in Saxony; alfo in Siberia near 
Lake Baikal, in the Shetland iflands, and in the 
caftle rock of Edinburgh. 

It occurs principally in primitive mountains, 
imbedded in dolomite or granular limeftone, and 
mixed with mica and talc. It is alfo found in 
the fecondary trap-formation, accompanied by 
prehnite. 

TRIPHANE. Spodumene^ D’Andrada and 
Werner. 

Its colour is apple-green, or greenifh-white. 
It occurs in mafs. Its longitudinal fradlure is 
fiiinini:, its crofs fra£Vure is glillening, with 
a pearly luftre. Its fracture is foliated in two 
directions ; the crofs fradurc is fine grained 
uneven. The fragments are indeterminate, or 
in the form of very oblique rhombs. It is 
traniluccnt, moderately hard, and cafily frangi- 
ble. Sp. gr. 3.21. 

Before the blowpipe it becomes yellow and 
fplits into thin plates, and then melts into a 
tranfparcnt greyilh glafs. 

It has hitherto been found only in the mines 
of Uton, near Dalero in Sweden, in veins with 
quartz and back mica. 

TRIPOLI. Trippel, Wern. 

Its colour is yellowifh-grey, pafling into afli- 
grey and reddilh-brown. It occurs in mafs, 
and is without luftre; its fraCture is coarfe- 
grained earthy, pafling into obfeurely (laty. It 
is foft, often friable ; is meagre and rough to 
the touch, and docs not adhere to the tongue. 

It is fcarcely fufiblc before the blowpipe 
without the adiflance of borax. It is com- 
pofed, according to M. Haafe, of 
90 Silex 
7 Alumine 
3 Oxyd of iron 
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It was formerly brought to Europe from 
Tripoli in Africa, but has fince been found in 
Saxony, at Pottfchappel near Drefden, in Der- 
byfhire, in Flanders, Switzerland, HefTe, Weft- 
phalia and Ruflia. It occurs in veins and beds 
in fecondary rocks, and probably fometimes is 
a pfcudo-volcanic production. 

It is largely employed in polifhmg metals, 
iparble, glafs, and other hard bodies. 

TUBE OF SAFETY. 

; An article of chemical apparatus, for an ac- 
iDunt of which fee die Appendix. 


TUFA calcareous. Kalk Wem. 

Its colour it yellowifh-grey or fmoke-grey« 
It occurs fometimes folid, but^ generally poroui 
and marked with impreflions of reeas, mofs, 
and other vegetables. Its luftre, when it has 
any, is faintly glimmering. Its fraCture is fine 
grained uneven, palling into earthy. It is foft, 
eafily frangible, and not much heavier than 
water. 

It effervefees with acids, and is little elfe than 
carbonat of lime. 

It occurs in alluvial land, being depofited by 
water impregnated with carbonat of lime. 

The more compa£I kinds are employed in 
building, for which their lightnefs well adapts 
them. 

TUNGSTEN. Scheelium. 

Tungften is a hard brittle granular metal, 
very dilHcultly foluble in the acids, combines 
witti the alkalies, and is converted from yellow 
to blue oxyd by muriated tin. 

J. I. Ores. 

Sp. I. Tungsten, ^chnverjtein^ Wern.™ 
Schcelin calcaire^ Hauy. Gojfan^ of the Cornifii 
miners. 

Its colour is grcyifli or ycllowifli* white, 
pafling into ycliowifh-grey ; it is often fuper- 
ficially tarniflied to dark pearl-grey or yellowifti 
brown. It occurs in mafs, dilTcminatcd, and 
cryftalHzed. Its primitive form, according to 
Hauy, is the cube ; but the ufual form that it 
prefents is the oCIohedron, either regular, or 
bcvilled at the common bafe of the pyramids, or 
cuneiform. Its cryftals are middlc-fized or 
fmall. The lateral planes of the cryftals are 
fmooth and brightly lliining with a nearly ada- 
mantine luftre. Its frartuTC is imperfe^IIy 
foliated, palling into conchoidal and uneven ; 
that of the maflive varieties is granular and 
fplintery. It fometimes occurs in large or fmall 
grained diftiin!:^ concretions. The cryftallized 
is tranflucent, rarely tranfparent ; the maflive is 
opak«% It may be Icrapcd without difficulty by 
a knife, is eafily frangible, but not particularly 
brittle. Sp. gr. 6.01. =5.57. 

Before the blowpipe, without addition, it 
crackles and becomes opake, but is not fufible. 
When pulverized and digefted with nitric or 
muriatic acid it leaves a lemon-yellow refidue^ 
which is tunftic oxyd. This mineral has been 
analyfed, firft by Scheele, then bythe Eifiiiyars, 
and laftly by Klaproth, with the following 
refults. 
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Trom Bitfterg. 

Schlackenwald. 

Schlackenwald. 

. Cornwall. 

Jy Scheele. 

Elhuyars. 

KIstproth. 

Klapr. 

<55. — 

68. — 

77-75 ~ 

75.25 Oxyd of Tungften. 

31- — 

30. — 

17.6 — 

18.7 Lime. 

4. — 

0. — 

3. — 

1.5 Silez. 

- 



1.25 Oxyd of Iron. 




0.75 Ditto of Mangancfe 

100. 

98. 

9^ 

97-45 


Tungften is rather a rare mineral. It occurs 
in metallic veins in primitive mountains^ accom* 
panied by tinftonei haematite, wolfram, quartz^ 
mica, fteatite, &c. It is found at Bitlbcrg in 
Sweden, Schlackenwald in Bohemia, and Pen* 
gilly in Cornwall. 

Sp. 2. WoLFiiAM. Worn. Broch. 

Scheelin firruginSy Hauy. 

Its colour is brownifh-black, greyifli-black, 
and dark rcddiln-brown, often with a greenifli 
iridefcent tarnifh. It occurs mafTive and cryf- 
talHzed. Its primitive form is a re£Iangular 
parallelopipcd ; befides which it prefcnts the 
following varieties : 

1. A tetrahedral prifm, with dihedral fum- 
znits, with the common edges of the fummits 
and prifm truncated. 

2. A comprelTcd tetrahedral prifm, with 
bcvillcd dihedral fummits, obliquely truncated. 


Elhuy. 

Wiegl. 

Klapr. 

65, — 

35-75 

46.9 

22. — 

32. — 

0. 

*3-5 — 

II. — 

31.2 

2.0 — 

0. — 

0. 

*02.5 

78-75 

78.1 


21.25 

21.9 


3* The fame, with the lateral edges of the 
prifm alfo bevillcd. 

The cryflals are of middle-fize or large, 
fometimes folitary, but moft commonly grouped 
together in an irregular manner, and often very 
indiftinfl. Externally they are gliftening, in- 
ternally they are brightly (hining witli a metallic 
luilre. Its longitudinal fracture is ftrait lamel- 
lar, its crofs fradlure is granular uneven. It 
occurs fometimes in curved lamellar diftinA 
concretions, with alternate filiant and re-enter- 
ing angles. It is opake, gives a rcddifli-brown 
powder, may be readily icraped with a knife, 
is brittle and eafily frangible. Sp. gr. 7.12. 

Before the blowpipe it crackles and becomes 
of a darker colour, but does not melt. It has 
been analyfed by the Elhuyars, by Wicglcb, 
by Klaproth, and by Vauquelin, with the fol- 
lowing rciults : 

Vauq. 

67. Yellow oxyd of Tungltejju 

~ 6.25 Oxyd of Mangancfe. 

— 18. Oxyd of Iron. 

— 1.5 Silex. 

9^-75 

7.25 Lofs 


It occurs in veins In primitive mountains, 
generally accompanied by tinftone. It is found 
at Zinnwald, Graupen, and Schlackenwald, in 
Bohemia; at Ehrenfriederfdorf, Geyer, and 
Alteniberg in Saxony ; at St. Leonard, departe- 
ment de la Haute Vienne in France; PoJdice 
in Cornwall. 

• §. 2 . AJfay and Attains* 

I. The anaJyfis of tungften is very Ample ; 
the moft fuccefsful method^ of performing .it is 
that which was invented by Scheele,* and has 
Ance been adopted by Klaproth,** viz. After 
the mineral has Been finely pulverized, let it be 
digefted ia moderately ftrong nitric acid, by 

' • lUbyib 


which a part will be dillblved, and the reAdue 
will acquire a yellow colour ; then pour off the 
nitric folution, edulcorate the refidue, and after- 
wards digeft it in liquid ammonia. This latter 
menftruum will take up a pertion and change 
the colour of the remainder to white : proceed 
in this manner, alternately empluying nitric 
acid and ammonia, till every thing folublc is 
taken up ; what remains is generally nothing 
but a fmall quantity of ftleit. 

The nitric fdlution is now to be treated with 
liquid cauftic ammonia, by which any oxyd of 
Irm or manganefe that may be prei'ent will be 
thrown down ; which being feparated by the. 
> Analyt. Eft. voL u. p. 
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filter, carbonat of foda is to be added to the 
folution in order to precipitate the lime: this, 
ivhen walhed and dried, is pure carbonat, from 
which the amount of pure lime may be deduced 
by the common rule of proportion. 

The ammoniacal folution contains only am- 
monia and oxyd of tungften ; it is therefore to 
be evaporated to drynefs, and the refidue gently 
ignited in a platina crucible; by this procefs the 
ammonia will be dcflroyed and driven ofF, and 
a pure yellow oxyd of tungsten will be left 
behind. 

2. The analylis of Wolfram is to be con- 
du£lcd nearly in the fame manner as the pre- 
ceding. Having reduced the ore to fine powder, 
it is to be digefted with nitro-muriatic acid ; 
a pretty copious difengagement of nitrous gas 
will enfue, part of the powder will be diflblved, 
and the remainder will be of a ycliowifli colour: 
the nitro-muriatic folution being poured off, the 
refidue is to be treated with liquid ammonia; 
thus alternately making ufe of thefe two nicn- 
(Irua till nothing but a few grains of quartz 
remains behind. 

The muriatic folution, containing the ox yds 
of iron and manganefc, is to be mixed with 
perfefkly neutralized carbonat of potafli, till the 
liquor begins to grow turbid ; being then gently 
boiled for a minute or two, a copious precipi- 
tation of oxyd of iron will take place. 'I'lie 
clear liquor being then neutralized with a folu- 
tion of pearlafli, will depofit a cream-coloured 
precipitate, coiififting of carbonated inanganefe, 
with a little oxyd of iron, which is to be 
feparated as already deferibed in the article 
A'Iangankse. 

The ammoniacal folution contains the oxyd 
of tungften, which may be procurc<l in the 
form of a yellow powder, by evaporating to 
drynefs and fubfcqueiit ignition in a platina 
crucible. 

3. It remains to make a few remarks on the 
particulars of the analyfes quoted in the pre- 
ceding fe«£lioii. 

'rhe analyfes of tungften by Schcele and the 
Elhuyars agree very nearly with each other, 
though they diftcr very widely from thofe by 
Klaproth. It is to be oblerved however that 
the analyfis attributed to Schecle is merely an 
inference from a fingle experiment, in which 80 
grains of tungften were alternately treated with 
nitric acid and ammonia ; the nitric folution, 
when faturated by carbonated potafb, afforded 
45 of carbonat of lime; but no mention is 


made of the proportion of tungften contained in 
the ammoniacal folution. The particulars of 
the analyfis by the Elhuyars we have not feen.| 
but thole by Klaproth are dated at length in his 
Analytical EiTays, and appear to be liable to no 
objeftions. 

With regard to the four analyfes of Wolfram, 
it is remarkable that in thofe by Wicgleb and 
Klaproth there is a deficiency amounting to be- 
tween 21 and 22 per cent. The particulars of 
thefe two analyfes we have not been able to 
meet with, and therefore can only account for 
the deficiency by fuppofing that the old method 
of deconipoGiig this fubllance bv fufion with 
nitre or fixed alkali has been relorted to ; in 
which cafe the oxyd of tungften being rendered 
folublc in water by combination with alkali and 
the precipitating acid, may have partly cfcapcd 
in the walhings. 

The method employed by Vauqiiclin® and 
the Elhuyars• ** was the alternate application of 
muriatic acid and liquid ammonia, and the fol- 
lowing was the Jlate in which the component 
parts were ellimated, viz. yellow oxy<l of tung- 
Itcn, magnetic oxyd of iron, and black oxyd of 
manganele. But though thefe metals were ob- 
tained from tlie ore at the above-mentioned 
ftates of oxydation, it docs by no means follow 
that they cxiilcd in this ftate in the ore itfelf. 
Firft with regard to the iron ; this it is evident 
docs not cxiit in the Wolfram as black oxyd; 
for the mincral is wholly incapable of afiedling 
the magnetic needle. Secondly, with regard to 
the manganefc; this probably exifts in the 
wolfram at a low ftate of oxydation, for when 
digefted with muriatic acid there is no percepti- 
ble odour of oxy-muriatic acid, and its colour 
is very confiderably deepenctl by gentle calci- 
nation. Thirdly, with regard to the tungften ; 
in the analyfes both of Vauquelin and the El- 
huyars it is mentioned, that the colour of the 
refidue after digefting wolfram with muriatic 
aciil, was yellow ; from which it would appear 
that the tungften cxifted in the ftate of yellow 
oxyd ill the ore. It is with the utmoft diiE- 
deiice that we oppofe our own experiments to 
thofe of fo accurate and able a chemift as Vau- 
queliiT, yet as they were carefully made we 
cannot avoid Hating them. 'Fhc wolfram that 
we operated on was from Cornwall, and of a 
dark liver colour. VVlien digefted with nitro- 
muTiatic acid, there was a copious produdlion 
of nitrous gas, the liquor became of a high wine 
colour, and had taken up oxyd of iron and 


• Journ. d«:^ Mines, No. 19. p. 17. 

Ckcmicivl dinalyfis ef Wolfram, &c. ty the Elhuyars, tranflated by C. Cullen, p. 30, 
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manganefe^ but nothing elfe. The reddue 
ronfiiled of undecompofed wolfram, mixed 
with a yellow powder, which laft was entirely 
taken up by liquid ammonia. On the other 
hand, when ftrong and very pure muriatic acid 
was employed, the liquor acquired a browniih 
green colour, no oxy-muriatic acid gas was 
given out, and the folution, befules iron and 
manganefe, contained oxyd of tungften, which 
was thrown down by the addition of dillilled 
water, in the form of a pale yellowifli green 
powder ; this powder was not refoluble in mu- 
riatic acid \ it became white on the addition of 
ammonia, but was very fparingly folubic. Its 
greenifli tinge was changed to bright y<?How by 
nitric acid, nitrous gas being dilVngaged. TJje 
decompofed refidue of the ore not taken up by 
muriatic acid, was of a dirty green colour, but 
on the addition of ammonia became of a deep 
blue, which blue powder was iiifuiublc in am- 
monia. Wc cannot then*fore but conclude tliat 
the acid employed by Vauqueiiii was mix<d 
with nitric acid \ and that the tungflcn exills 
in wolfram in the Hate of blue fub-oxyd. 

/ 

3. ReduBwn of ifres.' 

Metallic tungften not being applied to any 
ufe, the only attempts to reduce it have been 
made on fmall quaiuities in the laboratory. 
The Elhuyars were the firft who obtained it in 
the regulinc ftate.® For this purpofe they put 
100 grains of the yellow oxyd into a crucible 
lined with cha>*coal, and gave it a ftrong heat 
for an hour and a half. The crucible was broken 
when cold, and was found to contain a friable 
congeries of metal iic globules, of the colour 
and luftrc of ftcci, and weighing 60 grs. Vau- 
quelin** afterwards repeated the experiment, by 
firft mixing the yellow oxyd with oil, and then 
cxpofir.g it in a lined crucible for two Iiours to 
the violent heat of a forge furnace : he obtained 
a dnkiih gmy mafs, con lifting of a number of 
fmall globules. In another experiment, wliere 
the oxyd and oil was mixed with boracic acid, 
he obtaineil a porous mafs of a grcyiih white 
colour, with the caviucs lined with minute, 
brilliant, metallic cryftals. A third methocUias 
been praftifed with fuccefs by the writer of this 
article, aflliled by Mr. Allen. 2^.0 grs. of 
tunftat of amrnoiiiii, in acicul.ir cryllais, were 
put into a crucible lined wirh charcvial, and ex- 
pofed for two hours to a powerful v/ind furnace; 
there was thus produced a (lightly coherhig 
mafs, weighing 161 grs. of roundifli grains, 
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about the fize of a piii^s head, with a very bril- 
liant metal iic luftre. 

4. Ph^/Jcal and Chi^fjucrJ properties. 

The C{;;our of tungften is a light fteel-grey, 
with a bril.i.int metallic luftrc: it iis in tlie form 
of minute grains, (lightly agglutinated ; it is 
very hard, yielding with diHicuity to the file. 
Its fp. gr. acconling to the Elhuyars, isizn 17.^', 
accoidiiig to an experiment of my own is 
rrz: 1 7. 33* does not at all alledl the magnetic 
needle: wlien exnf>led to a ft ream of oxygen 
gas on charcoal it burns whh a yellow llame 
without melting, and is entirely volatilized in 
the form of a thick vapour, w'ldch when col- 
lected is the yellow oxyd of this metal. 

Neither the muriatic nor fulphiiric aciils have 
any perceptible action on this metal, even at a 
boiling beat; but when mixed with a little 
nitric acid, a difeiigagcment e.f nitrous gas 
cnlues, and the metal is partly iHlVolved, aiul 
partly dillufed through tlic liquor in tlie ft ate of 
yellow^ oxyd. This folution iniilergoes no 
change on dilution witli water ; by the ailditioii 
of a few drops of pruftiat of potafti, iis cidoiir 
becomes a det‘p foniewliat iridclcent green, but 
no precipitation takes place ; by caullic potafh 
it is changed to a brown olive, aiul the green 
colour is again reftored by the addition of a few 
drops of nitric acitl. 

Jiy a red lieat, with accefs of air, tungften is 
readily converted into a lemon yellow oxyd. 
100 parts of the metal aft’ord, according to the 
Elhuyars, 124 of oxyd. 

Tlie above are all the fa£ls hitherto publiflicd 
concerning inetallic limgftcn, thole wldcli fol- 
low being the rclults of experiments made on 
the oxyd of lids metal, as extr..ctvd frem itg 
ores, widioiit li:<ving been ful)lc<pi«. luly re duced 
to the regulinc 

'i'lieie arc iyA o oxyvls ^>f lunglU'ii, (r.e vellow 
or per-oxyd, anti liic blue or fub-oxyd. 'J he 
former may be juvpireti in varit iis ways; liiH, 
as already meiiiionc <!, by cidciii;itlo*i of the 
metal; fecontlly, by liilmg two ]»arts td’ wol- 
fram with tiiree cd niire, ;.i:ti tlig* lling the 
faliiie niafs tlnis producctl in lu/l watci ; tlic 
liquoi^coinaiiis the oxytl oftun/;U ;n comidned 
\idlb potafh, and holding in loluiion a little 
oxyd of manganefe : by exporure to ilie air for 
a day or two, tbelr.tor oxyil is precipirateil ; 
the clear liquor being ii*en evaporated to drynela 
is to be digefted w ith ll.ree or four luccLllive 
portions of nitric acid, by whicli the a. kali will 
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bo taken up, an<l ;he yellow oxyd of tungftcn ing that the blue powder is the fub-oxyd of 
will remain behind. Hill however combined, this metal. 

perhaps, with a lit:lc alkali. A third method. The yellow oxyd even if diftilicd repeatedly 
and upon the whole the bell, ot* preparing this to drynefs^ with nitric acid, undergoes no ap- 
oxyd, is by c.ilcirung the cryflallized tunllat of parent alteration. It is entirely infoluble in 
ammonia in an open cruc.ble of pl.itina, by water, but if rubbed'in a mortar with this fluid 
which the alkali will be entirely driven oil* and it forms a yellow emuKion, which pafles turbid 
dcllroyed, and perfectly pure oxyd will remain through the pores of filtering paper, and re- 
behiiid : too parts of this fait aflbrdj according quires very Jong reft before it becomes clear, 
to Vauquelin, 78 of yellow oxyd. This yellow fluid has no tailc, nor does it at 

The proponion of oxygen in the yellow oxyd all redden litmus or other blue vegetable Tub* 
has not yet been afeertained with much pro- fiances ; it may therefore be queilioncd how far 
cifion. The Elhuyars obtainetl from 100 parts it has a title to its ufual appellation, tunflic 
of oxyd 60 parts of metal, according to which acid, (the tunflic acid of Scheele being a very 
the oxyd contains 40 per cent, of oxygen ; but different fubitance, as we fliall fhow prefentlyj, 
on the other hand, from ico parts of metal as, however it unites with the alkalies, and dif- 
they obtained by calcination only 124 parts of lodges carbonic acid from fomc of its combina- 
oxyd, which would make the oxyd contain only tions, it may without impropriety be confidcred 
J9.4 per cent. Of oxygen. This latter proper- as at Icafl adling the part of an acid, 
tion appears the moll worthy of credit, both The yellow oxyd is entirely infoluble in the 
from tlip circumllances of the experiment, and fulphuric, nitric, or muriatic acids; by digcllion 
becaufe it does not very much differ from the with acetous acid it is converted into the blue 
proportions obtained by combining the rcfults oxyd, but is not diflblvcd. Caullic potafh ei- 
of two other experiments, the one by Vauquelin ther in the dry or moill way combines with the 
and the oilier by myfelf, according to which yellow oxyd, forming fait with excefs of 
100 parts of tun (tat of ammonia afford 78 of alkali, readily Ibluble in W’-ater, from which by 
yellow oxyd, and 2.^0 parts of the fame fait evaporation may be obtained a glittering powder, 
afford 16 1 of metal, which wouhl give for the but without any appearance or regular cryftal- 
compolition of the yellow oxyd 86 parts of lization. Turijlat Pot ajlo thus obtained has a 
metal to 14 of oxygen. fomewhat caullic metallic talle, is deliquefeent 

The yellow oxyd is infipid and inodorous: in a moill air, and is eafily foluble in water, 
its fp. gr. is n:: When expofed to the When fuperfaturated with nitric acid a white 

blowpipe in a platina fpoon, it acquires a deep precipitate falls down, which, when wafhed 
green colour; it gives a deep blue when fufed with cold water and dried, prefents the follow- 
with microcofmic fait ; when heated on char- ing properties*^. It is acid to tlie tailc, co- 
coal it becomes of a dark bluifli black. By a lours litmus red, and is foluble in about 20 
ilrong heat in a dole crucible its colour is parts of boiling water. ^'hc folution when 
di;ingcd to a hlackiili grey, according to Van- mixed wdth lime water, and boiled, depofits a 
qiielin ; but according to the Elhuyars it forms heavy white powiler which appears to be tun- 
a fpnngy mafs of a bliiilh black colour, and ilat of lime. When faturated with an alkali 
covered ruporficiaHy wdth minute cryllals ; its it yields by evaporation a cryilalline fiilt. When 
fp. gr. is incrcafcd to 9 55, and by calcination boiled wiih filings of zinc, tin, or iron, the li- 
in a mufllc it again acquires a yellow colour, quot becomes of a deep blu", and depofits a 
and its weight is iiicrcalcd by 2 per cent. (It precipitate of the fame colour. Nitric or mu- 
15 to be oblci ved liovvever, that the oxyd em- riatic acid when boiled on the above mentioned 
ployvHl by the lall mentioned chcmills was pre- white precipitate, change its colour to yellow, 
pared according to the fccond of the methods as fulphuric acid does to blue. From the above 
above deferibed, and therefore might polTibly properties it was confidcred by hclieele as the 
coT'.tain a little potaih). The yellow oxyd when pure acid of tunglleii, but later experiment* 
digclled with a little dilute muriat of tin, ac- have proved that this w'as a miilake, it being a 
quires a deep blue colour, and if in this Hate triple fait compofed of oxyd of tungHen, potalli, 
it is removed into <li!utc nitric acid and warm- and nitric acid. The composition of this fait i* 
ed, nitrous gas will be given out, and the yellow fatisfaftorily flicwn by #n experiment of the 
i:olour will be again rcllorcd, thus clearly fhow- Elhuyars. 
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To a folution of it In water was added lime- 
water as loll}; as any precipitation enfued : the > 
precipitate being wafhed and dried, was found 
to be pure tunftat of lime : the refidual liquor 
being then evaporated, afforded on cooling, 
cryftals of nitre. 

Tunftat of potafli is decompofable by every 
other aciH as well as by the nitric, and the white 
precipitate is in all thefe cafes a triple f\lt, com- 
pofed of potafh, oxyd of tungften, and the pre- 
cipitating acid. 

If the yellow oxyd of tungften is digefted 
with carbonated inltead of cauftic potalli, an 
effervefccnce is produced by the difengagement 
of carbonic acid, and the refulting tunftat of 
potafli is the fame as that already deferibed. 

Tunjlat of foda is produced by digofting the 
yellow oxyd with caul tic or carbonated foda, and 
evaporating the liquor, which depofits the fait in 
queltion in the form of lengthened hexahedral 
plates. The tafte of this fait is acrid and metal- 
lic; it changes the colour of red vegetable infu- 
fions as the alkalies do: it is foiuble in four 
times its weight of cold, and in twice its weight 
of boiling water; it is decompofable by the acids 
forming wilh them triple fiilts analogous to thofe 
of tun flat of potaih : the phofphoric acid how- 
ever occafions no precipitate, forming with it a 
very foiuble triple fait, which is not decompofed 
even by fulplturic acid. 

Tunftat of foda is not renderct! turbid by the 
fulphats either of potafli or of magnefia ; but 
alum and the muviats (jf lime aiiii barytes throw 
down a white precipitate; alkaline prulfiatof pot- 
afli occafions no turbivlnefi iii this lalt, but on the 
addition of a little muriatic acid ;i brown preci- 
pitate falls down, which is foJubie in a large 
proportion of water. Neither the fulphun't of 
ammonia, nor foliitifuis of oxyd of arfenic or 
corrtifive niuriai of mercury occafion any pre- 
cipitate ; the latter fubliance hovvewer changes 
the colour of the folution to yellow. "With 
fulphat of iron there is formed a brown pre- 
cipitate, which by digeftion in muriatic acid is 
decompofed, the oxyd of iron being taken up, 
and yellow oxyd of tungften remaining beJiind. 
Ti idlure of galls, when mixed with tunftat of 
foda, occafions an abundant flocctilent precipi- 
tate ilraw of a pale colour. 

Ammonia combines readily , with the yellow’ 
oxyd, formhig of awmonlay which cryf-* 

frdrii its folution, by evapcratiq;i. and 
Pooling, in the form of fhJnftig plates like TOfttcic 
acid, in lleiVdef ' tetrahedral pfifms. ' ’Its 'icd- ' 
lour 'is very jpale. yelk>wi^\)|bvowa. a * 

de'dium* 


metallic tafte, is foiuble in water, is not doli- 
quefeent, and exhibits with the various reagents 
analogous properties to thofe of the preceding 
falts. By a red heat the ammonia is totally de- 
compofed ; leaving the tungften behind in the 
ftate of yellow or blue oxyd, according as the 
procefs has been performed in an open crucible 
or in a retort. 

The only ufe that has hitherto been fug- 
gefted of tungften in any form, is as a mordant. 
The triple acidulous tunftat when digcflod, ac- 
cording to Morveaii,** with the rcil juices of 
fruits, and with infufions of turmeric and toiir- 
ncfol, forms with them coloureil Likes of re- 
markable fixity, and hence may be of coiifider- 
ablc ufc in the arts. Thefe experiments, how- 
ever, on repetition in this country, have not 
been attended with the fiiccefs that would na- 
turaliy be expc£fcd from the reprefenta lions in 
the memoir referred to. 

TURBirH MINERAL. See Mercury. 
TURF. See Peat. 

TURMERIC. Terra A'fcn/a, ( Carcifma 
longa^ lunn.) 

'Ehe root of the turmeric, wdiich is cultivated 
largely in tlic Eaft Indies, confifts of a large 
oval bulb, from which fpring two or three nu- 
tuous procelfes three or four inches long, 'riiis 
root is of a dulky brown cxiernally, and of a 
deep orange yellow within, of a fomewhat fra- 
grant fmcii, and a bitterilh aromatic tafte. 'llic 
yellow colour is cxtradled cafily, both by water 
and alcohol, and is fometimes ufed in dyeing, 
but the dye is extremely fugitive, and cannot be 
fixed cn cloth by any known mordant, which is 
a lofs to the dyer as there is no vegetable fub- 
ftance that gives fuch a rich orange yellow. 
When employed in dyeing it is cliiefly to give 
a finilliing glofs to the nu)»-e folid colours, 
which foon fades. 'Phe yi ILow of tu movie is 
rendered fomewhat paler by ' acids, 1 ut is 
changed to a b; itk-red by the alkalies and : ika- 
line earths, and it is tlie latter property tJiat 
renders it of ufc to the chemift^ ks ft*, fib i- 
lity to alkaline tcfls is fo great as to indicate a 
fmaller quantity of thefe fublVance^.tlian can be 
done by any other method, and hence the cxa<5t 
point of faturation may be hit^ .whieft is of im- 
portance in many experiments of rcfearch. - To 
apply ir, either a fpirituous tincture or a watery 
innifion may be uled, or more Innply, afrefli- 
cut .furface^of the entire rctot inay be wntetl' 
wftii diililled water, aiid by bein^ rubbed tin’’ 
whitb p^pet, a very;vifib!ie yellpw Aitfrk iidll be ^ 
made,vt>n wbiok a di^p of .the^ liquor to %e 
T0l. XJCX. p.,za3»’ " -.t'--. • i.'; * 
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may be dropped. When the quantity obtaining it is by making a fcries of indfiom 
of alkali is very fmalli it requires a few minutes through the bark of the tree, from which the 

to produce the full change. turpentine exfudes^ and falls down into, holes 

’Tumeric is ufed largely in the Eafl as a con- or other receptacles at the foot. The procefs 
dinient to foot!, and in particular, it is the fub- is deferibed very accurately by Duhamel and 
ftiince that gives the colour to curry. Moringlane as pra£tifed in the loutli of France, 

'TURNSOLE. Sco Litmus. The fir is generally allowed to remain un- 

TURPENTINE, and other r^tmus prodnSls touched till it is tliirty or forty years- old. 

.5/* the Phte^ When it is to be worked, which is early in the 

Under this head we fliall deferibe the me- fpring, a fmall hole is firfl made in the ground 
thoils of procuring and preparing a variety of at the foot of the tree, the earth of which is 
very important articles' of commerce, fuch as well rammed, and ferves as a receptacle for the 
turpentine, refill, pitch, tar, 5 cc. which are cm- juice. The coarfe bark is then flripped off 
ployed fo extenfively in fliip-building and rig- from the tree, a little above the hole down to 
ging, in varnifhes, and many other purpofes of the fmooth inner -bark, after which a portion 
inferior intcreft. of the inner bark together with a little of the 

All thefe are the produfls of one or other wood is cut out with a very fharp tool, fo that 
fpccies of pine, and Ibmctimes the fame fub- there may be a wound in the tree about three 
fiance is yielded by dilTercnt fpecies, as all the inches fquare, and an inch deep. Immediately 
varieties of the native refin, or turpentine, have afterwards the turpentine begins to exfude in 
a very great rcfcinblance in chemical properties, very tranfparent drops, which efcape chiefly 
'I'here are three varieties of pine turpentine, from the wood immediately under the inner 
commonly known under that name in Europe; bark. Tlie hotter the weather is, the greater 
namely, ift. the common turpentine^ obtained is the fupply of refin, and to facilitate the fup- 
chiefly from the Piuus Syktejlris (Scotch Fir), ply the incifions are enlarged every three or 
2tl. the Strashurgh turpentine yielded by the four days by cutting off thin flices, till at the 
Pinus Picea (Silver Fir) and 3d. the Venice tur^ end of the year it is about a foot and a half 
pentinc procured from the Pinus Larix (Larch), wide and two or three inches deep. The whole 
To thefe may be added two liquid turpentines, time during which the turpentine flows is from 
4th. the Carpathian or Hungary Balfant^ which the end of February to October. In the winter 
exfudes from the Pinus Cembra (Siberian Stone it entirely ceafes, out in the enfuing fpring a 
Tine). 5th. the Canada Balfaniy the refinous frcfli incifion is begun a little above the former^ 
juice of the Pinus Balfamea (Balm of Gilead and managed in the fame manner. This prac- 
Fir). The fine fragrant Chio turpentine is not tice is continued annually for about twelve or 
procured from a pine, but from a low fiirub fifteen years in fome parts, and in others a 
(jhe. Piftacia Lentifcus) which will be dcfcribed fhorter time, on the fame fide of the tree, till 
ill the next article. the later incifions are fo high as to be out of 

Of the three fivft-mentloncd turpentines, the reach without the afliftance of fteps ; after 
Venice is tlie thinneft and moft aromatic, the which the contrary fide of the tree is begun 
Strn/burg the next in thefe qualities, and the. upon, and worked in a fimilar manner for as 
Common is the firmeft and coarfeft. The two many years, during which time the firft incifi- 
former are often adulterated by a mixture of ons are grown up, and arc fit to be cut afrefli. 
the common turpentine and oil of turpentine. In this way, a healthy tree in a favourable foil, 
and it is tq be obferved that the terms Venice may be made to yield from fix to twelve or 
and Strafburg turpentine are not now appropri- more pounds of turpentine annually, fometimes 
ate, as they, ^re procured from various coun- for a century, and even the timber is not foon, 
tries. ^ injured by this conftant drain. 

Common, turpentine is obtained largely in The flow of turpentine difeontinues altoge« 
the pine forefts in the fouth of France, in ther about Oclober, and the liquid refin col- 
Sv/irzcrland, in the countries on the north of le£led during the -year from each tree, is put 
the Pyrenes, in Germany, and in many of the together for further purification. But a confi- 
fouthern dates of North America. The greater dcrable quantity of the refin has concreted .dtir-« 
part of what is confumed in this country is im- ing that time around the incifion, particularly 
lirorted from North America. The method of as the heat declines; and in the winter when it 

Dr. Matoiit Supplement to Lambert on the Gennt Piani. Moringlane. in the Journ. de Phyf. tom. 31. 

Apparatus MedUam. Nat. Article Oovoilon, J^c. Ac. 
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hus hardened conficlerably it is fcraped ofl> and 
forms what is technically called Barras^ or in 
fome provinces Galipot^ which differs from the 
more liquid turpentine in confiflencei and pro- 
bably contains a Icfs proportion of e^ntial oil. 
The galipot is much ufed in making flambeaux 
when mixed with fuet, but the greater part of 
itj as well as the liquid turpentine, is fubjefied 
to further procefles. 

Thefe we (hall refume when wc have de- 
feribed the method of obtaining the other kinds 
of turpentine, which however, is fo very (imilar 
thjt a few words wilt fufHce. 

The Str^urgb Turpentine^ the produce of 
the filver nr, is the moil fragrant of all the 
pine turpentines, and only interior to the true 
Chlo, but it is not often feen in the (liops. It 
is obtained by rude inciiion of the bark by the 
.pcafants in the vaft pine forefts on the weftern 
Alps. 'The (irll cut is made as high as the 
hatchet will reach, and thefe are renewed an- 
nually from above downwards to within a foot 
of the ground. But the fineil kind of turpen- 
tine yielded by this tree, is that which exfudes 
from foft tuborcies or fwcllings of the inner 
bark, 'fhe peafants carry with them a large 
cow’s horn, with the point of which they 
pierce thefe tubercles, and collcfk the juice in 
its hollow. Only a few drops are yielded from 
each tubercle, fo that this turpentine is rare and 
bears a higher price. It is called technically 
Bigoin or Oil of Pitte^ and when thickened by 
expofure to the air, it remains clear like maf- 
tich, whereas the turpentine obtained from the 
fame tree by inciiion of the bark becomes 
white and opake by age. 

The true Venice turpentinej or refin of the 
Larch, is obtained from the Tyrol and Savoy, 
and alfo from Dauphiny, by boring holes about 
an inch in diameter, with a gentle defeent, in 
the moll knotty parts of the tree. To thefe 
are adapted long perforated pegs, which ferve 
as gutt.;rs to convey the juice into troughs 
placed beneath. It is yielded during the whvole 
of the fummer, and is limply purified by 
llraiiiing through hair fieves. A full-grown 
larch will fometimes yield fevcii or eight 
pounds of turpentine annually for forty or fifty 
years. 

Much of the Venice turpentine of the fliops 
is brought from America, and it is doubtful 
from what tree it is procured. This turpentine 
hardly becomes folid by any length of keeping. 

The Carpathian^ or Hungary BaUam^ is ob- 
tained from the Stone Pine in Hungary and 
the Tyrol, either by breaking off the twigs of 

TOL. II. 


the tree, and coIle£iing in a gl Ts the fine refia 
that exfudes; or by boiling the ends of the 
frclli boughs in water, when the balfam rifea to 
the top. 'rhe former method yields by far the 
bell. This is a whitilli, pellucid, and very fluid 
turpentine, which does not harden by keeping. 

The Cannda Balfam is a tranfparent whitilh 
juice, of the confidence of Copaiva balfam, and 
of a very fragrant fmell and bittcrilli tafle, ob- 
tained from the Balm of Gilead Fir, and im- 
ported from Cannda, but the mode of colleflioii 
is not well known. 

To return to the various operations per- 
formed upon the common turpentine, which as 
above mentioned is obtained in two degrees of 
liquidity, the mod fluid being called properly 
turpentine, and the lead fluid having the name 
of barras or galipot in the South of France, 
whence it is procured. 

The turpentine contains a number of impu- 
rities entangled in its fubdance, from which it 
is purified in two methods. One of them is 
to inclofc it in a calk perforated at bottom, and 
by expofure to a hot fun it becomes fo fluid as 
to filter through, which gives the fined and 
mod valued turpentine. The other method is 
to heat it moderately in a large copper, till it is 
quite liquid, and then to filter it through a 
drainer made of rows of draws laid dole to 
each other. This gives it a golden colour. 

The harder turpentine, or Barras^ is allb 
purified in the latter mode, but indcad of being 
merely liquefied in the copper, the heat is con- 
tinued for fome time, till part of the eflential 
oil is fo far dillipatcd that a little of it cooled 
on a piece of wood may be crulhed to powder 
by the fingers. It is then drained through 
draw while hot, and the pure refin on cooling 
hardens into a yellow opake mafs which is 
called Bralfec or Rafe. This is fometimes fold 
as Burgundy pitchy which however appears to be 
properly the produfl of another fpecies of pine, 
as wc diall prefently mention. This opake 
yellow'brown refin is rendered tranfparent, and 
of a fine clear amber yellow, by mixing it when 
melted with about an ei hth of boiling water, 
and (birring it incelTintly fiir a confiderable time 
till the water is cold. The refin is then call 
into moulds and Ci)olcd. 

EJfential Oil of Turpentine. This valuable oil 
is prepared largely, both in the countries where 
the turpentine is extracted, and fiom turpentine 
imported into this country. The proCeU is the 
following: an alembic with a worm and cooler# 
is ufed, precifely of the fame condruflion as 
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what is employed for the diftillation of fpU 
rits; this is filled with turpentine and water 
in due proportions, and the volatile part after 
diftillation is found to confift of oil of tur- 
pentine fwimming on water. This oil is per- 
feftly limpid and colourtefs, has a very ftrong 
fmell, a bitteriih tafte, is extremely inflamma- 
ble, and in fhort poflefles all the properties of 
the other eflential oils. It is employed in im- 
menfe quantities in a variety of varnKhes and 
fimilar preparations, but for the finer purpofes 
fuch (for example) as that of diflblving gum 
copal, it is neceflary to reflify* it by a iecond 
didillation with water in a Itill, ufing a very 
gentle heat, and keeping apart the firft produA 
which is the beft. From 250 lbs. of good tur- 
pentine about 60 lbs. of oil may be obtained. 

Comnnn Rojin, Yelloiv R'^tn. Colophony. The 
refid ue from the dillillation of the oil of tur- 
pentine, is an opake, brittle, light yellow mafs, 
much Icfs clammy and cohefive than infpiflated 
turpentine, and requiring a greater heat for 
fuflon : it is the common refin or rofin of the 
fhops. It is alfo called by the French Braujec^ 
as well as the boiled galipot or harder turpentine, 
"but the latter is more efteemed as it ftill con- 
tains a good deal of eflential oil, and is fitter 
for moft of the purpofes for which the terebin- 
thinate fub (Vances are employed. When com- 
mon rofin is boiled with water for a time, it 
becomes yellow and tranfparent, and is then 
the rofin ufed by muficians to rub the bows 
and firings of violins. When common rofin is 
kept in fufion for a confidcrable time, it be- 
comes of a browner colour, is fiill harder and 
lefs adhefive to the fingers when cold, and is 
then called Black R^tn or Colophony^ and this is 
the ultimate point to which the infpifTation of 
turpentine is carried. 

There are other lefs important varieties in 
the produfls of common turpentine, which it is 
needlcfs to deferibe. 

A very fine eflential oil is prepared in fome 
parts of Germany, by difiillation of the green 
tops and cones of the Stone Pine {Pinus Cem^ 
kra) which is known in medicine by the name 
of Oleum Templinum^ or popularly, KrumholT^oeli 
and is an approved remedy for a number of 
complaints. It is fomewhat greenifh, or fome- 
times of a golden yellow, very fragrant and 
aromatic. 

The true Burgundy Pitch is a brittle opake 
light-yeHow or fometimes reddifh-brown refin, 
‘of a fine terebinthinate. fniell and tafie, which 
is chiefly imported from Saxony, and is col- 


leded ill quanti^ in the neighbourhood of 
Neufchatel from the Norway Spruce Fir. 

Incifions are made in the ufuai manner, and 
the furfacc of the wood laid bare, which is 
foon covered with a turpentine, lefs liquid than 
the common fort, and which therefore foon 
concretes on the incifion without flowing 
down. This is picked off, and when a fuificient 
quantity Is colle£led it is put with water into 
large boilers, melted, and then drained under 
a prefs, through clofe cloths into barrels, in 
which it is tranfported for fale. Burgundy 
pitch is of fuch a confidence that it will barely 
foften by the heat of the human body, and is 
much uied in plafiers. It is often adulterated 
(as is fuppofedy by a mixture of rofin and tur- 
pentine. 

Burgundy Pitch is alfo obtained from the 
Larch. 

The fubfiance commonly called Frankincenfe^ 
{Thus) is a folid brittle refin in fmall roundifli 
maflTos of a brownifli yellow on the outfide, and 
white internally. It poflefles the common pro- 
perties of the turpentines, and has a very plea- 
lant fmell when burned. It is fuppofed to ex- 
fude fpontaneoufly (and not by incifion) from 
the Norway Spruce, and to undergo no prepar* 
ation. 

All the terebinthinate fubfiances above de- 
feribed are either nearly in the fta.te in which 
they exfude from the tree, or are prepared by 
heat with the intervention of a fuitable appa- 
ratus. 

There is another produ£V more important 
than any other, efpccially to a maritime coun- 
try, which is prepared by a kind of difiillation 
per defeenfum^ with no inconfiderable (kill, but 
often without any other apparatus than the fub- 
fiance itfelf that yields it, and this is common 
Tar. 

2 hr.— Goudron, Fr, is a thick dark brown 
or black refinous adhefive juice melted by fire 
from the wood and roots of old pines and fir 
trees, during which procefs the wood itfelf is 
reduced to charcoal. 

Every part of the tree which is at all refinous 
is fit for obtaining tar, but in particular it is 
the red wood and the hard roots that yield the 
greateft quantity and the beft. As the wood 
IS entirely charred in the procefs, ail the fap 
and other volatile parts muft be expelled, moft 
of which mixes with the turpentine, which 
fweats out and conftitutes tar, and hence this 
fubfiance muft confiderably vary in the quality 
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and proportion of reRn, emp^eumatic oil and 
acid which it contains, according to the age of 
the tree, the foil on which it grows, die part 
feledl^!, the management of the heat, &c. 

The extra£lion of tar from pine-trees is very 
antient, being deferibed by Thcophraflus, Dioi- 
corides, and other old authors, and the method 
of proceeding was extremely fimpic. Very 
large ftacks were made of billets of pine and 
covered with turf to prevent the volatile parts 
from being diflipated. They were then kindled 
and fuiFered to burn with a low fmothered 
flame, during which the tar melted out by the 
heat, flowed to the bottom of the flack, and ran 
out by a fmall channel cut for the purpofe. A 
very large proportion of the tar a£lually made 
in Norway, and the other Baltic countries, is 
repared in this rude manner. The flacks arc 
uilt upon the flope of a hill, covered with 
mofs and turf, kindled, and the tar that oozes 
out is colledled and put into barrels. 

But a more economical and fcientific method 
is pra£lifed in France and Switzerland, which is 
to heat the wood in large brick ovens built for 
the purpofe, whereby the wood is charred much 
more equally, and the tar is of a more uniform, 
and probably a better quality. The following 
is the method of proceeding in the Valais : the 
pines are previoully felled in the preceding year 
that the wood may be dry enough when wanted, 
and the outer bark and twigs being flripped off, 
the reft of the tree is cut up into billets of tole- 
rably equal fize. The oven is built of ftone 
or brick in the form of an egg ftanding on its 
fmall end. The floor is made either of a fingle 
ftone fcooped out into a hollow, or of feveral 
joined very accurately. On one fide of it, about 
live inches above the lowefl part, is a hole in 
which a large gun-barrel is thruft, which ferves 
to convey oiF the liquid tar as it collefls. A 
large iron grate is laid at the bottom of the 
oven. The largeft of thefe ovens are about 
ten feet high, and i:ve or fix feet in the largeft 
diameter. To charge the oven, bundles of 
thefe billets are thrown in, and the wood fpre«icl 
as evenly as poflible, filling the interftices with 
the chips, till it nearly reaches the top. The 
whole is then covered with a layer of chips, 
and the top of the furnace is clofed with flat 
ftones heaped one- upon the other, gradually 
lefTening the opening, and forming a kind of 
vaulted chimney, the moutli of which is four 
or five inches acrofs. The dry chips at top 
of the furnace are then fet on fire, and the heat 
fprea^s downwards till the whole of the charge 
is judged to be fufficicntly kindled. The chim- 


ney is then entirely clofed with a large ftone, 
and wet earth is heaped on the ftones at top^ 
and thrown on wherever the fmoke burfls out 
too flrongly. The melting now begins, the far 
fails down to the bottom, nils the hollow of the 
floor (which lafl detains any bits of wood and 
other impurities) and runs off through die gun- 
barrel into cafks placed to receive it. Some 
(kill is required in managing the fire, which 
muft fometimes be refrcfliod by letting in a 
fmall draught of air through fmall holes left for 
the purpofe in the fides of the kiln. When the 
procefs is over, the wood is found complcatly 
charred, and is taken out, and the oven after 
being cleared out is again filled. It is found 
that the red wood and knots, which are the 
richeft in refin, will yield about a fourth of 
their weight of tar, but the general average of 
produdl is about lo or I2 per cent, of the 
weight of. the whole charge. After each pro- 
cefs a quantity of iatfip-black is col levied beneath 
the ftones that form the vault of the temporary 
chimney. 

This latter fubftance is alfo another produdl 
from the pine, and in the large way is pro- 
cured by a diflerent procefs, as deferibed under 
the article Carbon, 

A fubftance fomewhat refembling tar, called 
Brai^gras^ and much ufed in the French ports 
for careening ftiips, is made in the following 
way. The oven above deferibed is charged 
with alternate layers of chips of green wood, 
and billets of dry, and all the refufe matter of 
turpentine, the draw through which it is drain- 
ed, and the like. Over the whole is laid « 
ftratum of brai’^fecy or rofin, and the gun-barrel 
pipe is ftopped up, and not tapped till the M'hole 
of the wood. is reduced to charcoal. The vault 
of the oven is alfo covered more carefully after 
the charge is fuiliciently kindled, and the whole 
procefs is carried on more flowly. 1 he heat 
of the fire melts the rofin at top, whicli mixes 
with the refinous fap, and the whole c(^llc£ls 
into a dark refiRou&.Hquid at the bottom. When 
fuiliciently cooled it is drawn oiFand barrelled. 
The brai^gras is of an intermediate confiilcnce, 
between tar and rofin. 

Pitch. '' The fubitance called Pitch in this 
country, is fimply tar, infpiflated to the requifite 
degree by boiling. 

It does not appear, however, that the French 
have this prccife preparation, as the fubftance 
called Poix is made either by melting together 
due proportions of rofin with tar, or elfe by 
filling a kind of oven with various refufe mat- 
ters from the turpentine, fuch as the ftraw 
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through which it has drained, together with 
the coarfe drainings, chips of bark foakccl in 
turpentine, the broken earth of the moulds in 
which the re(in collefls, &c. kindling it till all 
the refin falls down into a refervoir, and con- 
tinuing the heat till it is fufHcieutly infpifiated. 
This forms a hard black mafs called Poix dure 
or Pegle. 

. The pitch made in this country by boiling 
down tar to the proper confidence, is now per- 
formed near London, and in fome other parts, 
in a dill with a worm-tub attached to it, in or- 
der to col left the valuable volatile produfls of 
the tar. The procefs is the following:** the 
barrels of tar being of various confidence, their 
contents are fird emptied into a copper, and 
gently heated and well dirred, to render them 
thin and uniform. The tar is then laded into 
the dill, pairing, through a fieve to keep out 
chips of wood and other impurities. 

When the dill is properly luted, the fire is 
kindled and kept up very moderate for three 
hours, as the tar is very apt to boil up in the 
early part of the procefs. The tird produ£b that 
didiils over is principally a brown acid water, 
mixed however with a good deal of oil. As the 
procefs advances, and the heat is increafed, the 
quantity of acid lelTens, and tliat of oil increafes, 
and towards the end of the didillation the pro- 
is chiefly oil. l^he length of the procefs 
varies according to the quality and hardiiefs of 
the pitch required. In general a dill that holds 
about doo gallons will work 1 8 or 20 barrels 
of tar in 8 hours, the produce of which will be 
about 10 barrels of pitch (or 22 cwt.), 176 
gallons of oil ; and about 40 gallons of acid. 
The pitch remains in the dill for 12 hours, 
after which it is barrelled, and hardens as it 
cools. 

The oil and acid water which didiJl over 
do not mix, fo that they may be eafily feparated 
by decantation. The oil is a brownifli inferior 
kind of oil of turpentine, which is very ufeful 
in painting (hips and other coarfe out-door work. 
The acid is a very drong brownidrempyreumatic 
acid, which appears very clofely to refemble the 
pyroligneous acid obtained from the didillation 
of wood during its converfion to charcoal, and 
is now employed pretty largely in compoiing 
feveral of ihe mordants in caliico printing. 


TURPENTINE (CAw.) 

This is a very fragrant refin, obtained fparlng- 
ly by incifion of the bark of the Ptftacia Tere^ 
bint bus y a fmall tree growing in the Ifle of Chio^ 
and in man^ other parts of the Levant. 

It is a thick and tenacious fubdance, whitifh, 
nearly tranfparent, highly fragrant, and almofl: 
tadelefs. It is feldom found genuine, the com- 
mon Chio turpentine of the (hops being largely 
adulterated with the finer forts of the pine tur- 
pentines. 

TURQUOISE. 

The colour of this fubdance is pale fky-blue, 
palling into indigo-blue and pale apple green. 
It occurs in mafs or dilTeminated. Its fradlure 
is even. Its hardnefs is nearly equal to that of 
glafs ; it is difficultly frangible. Sp. gr. 3.12. 

Before the blowpipe its colour changes to 
greyidi white, and it becomes friable, but docs 
not melt. It is foluble in nitro-muriatic acid, 
and the European varieties are fo in nitric acid; 
this mendruum however has no action on the 
Perfian turquoifes. It is compofed, according 
to Bullion La Grange, of 

80 Phofphat of lime 
8 Carbonat of lime 
2 Phofphat of iron, with a trace 
of manganefe 
2 Phofphat of magnefia 
I Alumine 
6 Water and lofs 

99 

Turquoife is generally eonfidcred as foffil 
bone, or ivory penetrated by oxyd of copper ; 
it app_ear5, how^ever, from the above analyfis, 
that the colouring matter is phofphat of iron. 
The oriental turquoifes are found near Mcched 
in Perfia, alfo in Mount Caucafus, in Egypt 
and Arabia. The occidental ones are found in 
Languedoc in France, and in Hungary. Tur- 
quoife was formerly in fome edimation for rings 
and other articles of perfonal ornament, but its 
value has greatly declined in modern times. 
The colour of turquoife changes gradually by 
expofure to the air, from blue to green : when it 
arrives at this date its commercial value is 
wholly extin£b. 

TUTENAG. See CoppEHf alloys of. 


^ Originsi CoaimuDicatisB. 
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ULTRAMARINE. Outremire. Fr. 

This precious colour fo remarkable for its 
beauty and durability is a pure deep fky blue. 
It is capable of bearing a low red heat without 
injury, and it is not fenfibly impaired by the 
adlion of the air and weather. It is the colour- 
ing matter of the mineral already deferibed un- 
der the name Lapis Lazuli, and appears accord- 
ing to an analyfis by Klaproth, to condfi of 
little elfe than oxyd of iron. The method in 
which this pigment is feparated from the earthy 
parts of the above mineral is as follows. Let 
the lapis lazuli be heated juft to rednefs, and 
then fuddenly quenched in cold water, and let 
this be repeated two or three times till the 
(lone becomes almoft friable; then let it be 
ground down with a few drops of water in a 
clean iron mortar, or ft ill better, in an agate 
one till it is reduced to a perfcflly impalpable 
powder. Then take one pint of liiifecd oil, 
warm it over the fire in a clean vcflci, and add 
one pound of bees-wax, one pound of turpen- 
tine, half a pound of rofin, and half a pound of 
gum maftich : keep the ingredients over the fire, 
with conftant ftirring till they are melted and 
thoroughly incorporated together ; the refult 
will be a tenacious adhefivc mafs. Of this take 
any quantity, 6 oz. for example, melt it and 
pour it into a w'arm clean mortar; then fprinkle 
upon it 3 oz. of pulverized lapis lazuli, and in- 
corporate it thoroughly by long beating with 
the pcftle ; this being done pour in fome warm 
water, and again work it about in the fame 
manner as before: in a fliort time the water 
will become charged with the blue colouring 
matter ; it muft then be poured into a clean tall 
glafs, and replaced by frefli, proceeding in this- 
manner till the pafte will give out no more 
colour on the addition of frefli water. By 
Handing a few days the colour will fubfide 
from the water in which it was fufpended; the 
clear fluid being then decanted oft, and tlie reft 
got rid of by evaporation, there will remain a 
deep-blue powder which is ultramarine. 

UMBER. 

. There are two kinds of umber, the one 
called Cobp^ne Umber j is a variety of peat or of 
earthy brown coal. There are large beds of it 
wrought in the neighbourhood of Cologne, 
principally as an article of fuel ; a pretty confi- 
ilerable quantity is alfo imported into Holland^ 

• An«lyt. Iff. 


where it is ufed in the manufaflure, or more 
properly in ilie adulteration of fnuft, for which 
purpofe it appears to be better tliau the com- 
mon peat of the country; a ftill fmallcr quan- 
tity is confurn^d by the pai- t-makers. 

The colour of this vegetable umber is a 
warm fomewhnt pinkifli brown, and is an iifcful 
ingredi^*nt to the painter in water colours. 

'flio h'co* d kind of umber goes by the name 
of Ttuhtih and appears to be a variety of 

the iron ore c dlcil brow i irordloiie ochre. A 
fpecimen iroin Cyprus was anaiyfed by Klap- 
roth/ and a Horded him, 

4S Oxyd (>f iron 
20 Oxyd of luaiigancfe 

13 Si lex 

5 Alumtne 

14 VV'aier 

ICO 


URANIUM. 

Uranium is a brittle hard metal, of ex- 
tremely difficult fulibility. It is foluble in 
nitro-muriatic acid, and is precipitable from its 
folution of a yellow colour by cnuftic alkali, 
and of a brownllli-rcd by pruffiated potafli. 

§ r. Ores. 

Sp. 1. Black Uranium. Pecherx^ Wern. 
Pechbhndf^ Widenm, &c. 

Its colour is velvet black pafting into iron- 
grey and brownifii bh.ick; it is lomctimcs fuper- 
ficiady tarpifiied like tempered ftcel. It occ urs 
in inafs, diflcniinatcd, and in final 1 reiiiform 
pieces. Internally it has ufiially a gliflcming 
lemi-mctallic Juftre; its fradlure is iinp< ifctlly 
conchoidal, pafting into granular uneven. It 
fometimes occurs in thick lamellar or granular 
diftinfl concretions. It is moderately hard^ 
pafting to foft, is brittle and eafiiv frangible. 
Sp.gr. = 7.^. 

It is infufiblo per fe before the blowpipe ; 
with foda or borax it forms a dull givyifli Hag, 
and wdth the alkaline phofphats a e’ear green 
glafs. It is foluble in nitric acid, giving out 
abundance of nitrous gns. 

. A fpecimen from Bohemia w'as anaiyfed by 
Klaproth, (to w'hoin the difeovery of the new 
metal which it contains is owing) with the foL 
low’ing rcfult. 

Yok ii. p. X06. 
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86.5 Uranium in the (late of^fub-oxyd Bannat^ and St. Symphorien near Autun in 

2.5 Black oxyd of iron France. >, 

6. Sulphurct of lead Sp. 3. Ochefy Uranium. Uranokher^ Wem. 

5. Silex Ocre d'Urane. Broch. 

Its colour^ is ftraw-yellow pafling into orange 

loo.o and greenifh yellow. It^occurs fuperficial, dif- 

~~ ~ feminated> and maflivc; it is dull or flightly 

Of thefe ingredients the two laft appear to glimnaering 5 its fra£ture is earthy pafling into 
beonly cafuah for in an analyfls by Lampadius^ imall and imperfc£ily conchoidal. It is opake^ 
«f a fpccimen of this mineral from Saxony, foft, fometimes even friable \ is brittle and 
there were obtained only uranium and iron 5 meagre to the touch. Sp. gr. = 3.2. 
in another there was a flight admixture of cop- 'I'he yellow varieties, according to Klaproth, 
per pyrites. are pure oxyd of uranium, the orange coloured 

It occurs in veins in primitive mountains, contain a fmall admixture of iron, 
mixed with ores of lead and iilver, with copper It occurs with the other ores of uranium, 
pyrites, iron ochre, and cobalt. It is found at 

Joachimfthal in Bohemia ; Johanngeorgenfladt, 2. AJfaj and Anal^t, 

in Saxony; and Kongfbci'g in Norway. The analyfls of the ores of uranium is fufli- 

It is dillingullhable from blende, with which cicntly Ample. The only fubftances that have 
it was formerly confounded, by its fpecifle gra- hitherto been found in natural mixture or com- 
vity, and fracture, as well as chemical charac- bination with this metal, are lead, iron, copper, 
ters. fulphur, and fllex, which may all be feparated 

Sp. 2. Micaceous Uranium. XJran-gltmmer^ in the following manner'.** 

Wern. Urane micaciy Broch. ^ a. Let the ore be digefted with moderately 

Its ufual colour is grafs green of more or Icfs dilute nitric acid, by which the greater part of 
intenflty, whence it paiTes on one hand to it will be taken up; the refidue being wafhed 
greenifh iilvery white, and on the other to ful- and dried is to be gently ignited, by which the 
pKur yellow. It occurs fometimes as a fuper^ fulphur will be burnt off; what remains after 
fleial cruft but more ufually cryftallized in the ignition is to be digefted with dilute nitric acid, 
form of reftangular tables ; thefe tables are and the infoluble portion is 
fometimes fo thick in proportion to their other b. To the nitric folutions and wafhings mixed 
dimenflons as to approach to the cube, and together, is to be added fulphat of foda as long 
fometimes two opponte terminal plaices are fo as any precipitate falls down; this when col- 
deeply bevilled on all their edges as to give the^ le£ted on a filter, wallied and dried, is fulphat 
entire cryftal the appearance of a truncated oc- of lead. 

tohedron; the cryftals are generally very fmall, c. The remaining folution is to be totally 
and cellularly aggregated; the terminal planes decompofed by cauftic fixed alkali, at a boiling 
are ftriated, the lateral ones are fmooth; the heat, and the powder thus obtained is to be 
external luftre is more or lefs (hining ; the in- digefted in cauftic liquid ammonia till the whole 
ternal is gliftening and pearly ; the fraflture is of the copper is taken up. The ammoniaca! 
ftfait foliated in a Angle direftion. It is tranf- folution being then flightly fuperfaturated by 
lucent, fbft, not brittle, but eaflly frangible, fulphuric acid, the copper may be obtained 
Sp.gr. 3.12. either in the metallic ftate by mcatls of a bar 

It is foluble in nitric acid without cfFervef- of iron or zinc, or in the ftate of brown oxyd, 
cence, and communicates to it a yellow colour, by boiling with cauftic fixed alkali. 

The yellow variety of this mineral appears from d. The refidue of the precipitate r. after exr 
an aflay by Klaproth, to be pure oxyd of ura- traftion of the copper, is to be evaporated to 
nitim; the green varieties contain a little oxyd drynefs two or three times with nitric acid, and 
of copper, to which that colour is owing. is then to be gently digefted in dilute nitric acid. 

It occurs in veins of ironftone in primitive which will take up the uranium, leaving the 
xnountains, accompanied by the other ores of iron behind^ in the ftate of per-oxyd. 
this metal, and fometimes by cobalt, and arfe- e. .The nitrat of uranium being boiled with 
niat of comer. It is found at Carrarach in cauftic fixed alkali the whole < 5 f the uranium if 
Cornwall, Eibenftock in Saxony, Safka in the precipitated'as pure yellow oxyd. 

• KUpr. Aoalyt; EiT. vol. i. p. 47^* 



UR A 


UR A 


( AbS ) 

§ 3* Chimital and PAjficat Properties. trie aciidj nitrous gas being at the fame time 
The method of obtaining reguline uranium^ given out, but the other fimple acids appear to 
according to Klaproth^ though fimple, is not have little or no a£lion on it, neither does it 
very eafy,‘on account of the high heat required appear to be affeded by the alkalies. It is not 
for this purpofe; it being neater than that ne- eafily oxydized by expofure to air and heat, at 
celTary for me redudion ox oxyd of manganefe; lead no change is produced in it by ihe blow- 
50 grs. of the pure yellow oxyd being made up pipe on charcoal. 

into a ball with wax were placed in a clofe Uranium appears capable of two ftates of 
crucible lined with charcoal, and expofed for oxydation; the method of procuring the yellow 
fome hours to the moll intenfe heat of the Berlin or per-oxyd, we have already mentioned in the 
porcelain furnace, equal to 170® Wedg. There preceding fe£lion. The black or hib-oxyd may 
was thus obtained a metallic button weighing be procured by mixing the yellow oxyd with 
a8 grs. of an iron-grey colour and metallic oil, and then gently burning it off on a tell; 
luftre, compofed of hard minute grains, firmly from lao grs. of yellow oxyd treated thus, 
adhering to each other. Its fp. gr. wa8=8.i. Klaproth procured 85 grs. of black oxyd. This 
Other attempts to reduce the yellow oxyd by latter differs from the former, not only in co- 
the alliftance of borax and other faline fluxes lour, but in its producing nitrous gas when 
entirely failed^ the refult being only a black digelled with nitric acid. 'Hie relative compo- 
vitreous fcoria. fition of the two oxyds, ns deduced from the 

Uranium is foluble with efferarcfcence in nU above fa£ls, is, 

56 metal + 44 oxygen 100 of yellow oxyd, 

79.9 metal 20.1 oxygen =; 100 of olack oxyd. 

The yellow oxyd is readily foluble in acids, tinflure or infuflon of galls a copious chocolate 
When digefted with diluted fulphuric acid it brown one. 

readily diflblves, and by evaporation and cool- The affinity of this oxyd for the acids is fo 
ing depoflts fulphat of uranium in the form of confiderable that its falts are not decompofed 
fmall prifms of a lemon yellow colour. Dilute by the addition of zinc or of any other metal, 
nitric acid diflblves the oxyd of uranium with The following vitrefeent mixtures were made 
facility, and the fait hence refulting cryftallizes by Klaproth, to al'certain the power of this 
in oblong hexagonal tables of a light green oxyd as a colouring fubflance. 
colour. Muriatic acid in like, manner takes up Silex — — — 2 drachms 

this oxyd and cryflallizes in the form of rhom- Carb. potafh — — 1 drachm 

boidal tables, of a greenilh yellow colour. Con- Yellow oxyd — — 10 grs. 

centrated diftilled vinegar takes up the oxyd produced a clear liglit brown glafs. 

of uranium by digeitiun, and forms clear Silex — • — — 2 drachms 

topaz-yellow cryftals in the form of tetrahedral Carb. foda _ _ 1 drachm 

prifms terminated by tetrahedral pyramids^ Yellow oxyd — — 10 grs. 

when thefe cryftals are very flewly ignited, the , produced an opake blackiiii grey glafs. 

acid is driven off, and nothing but the oxyd Silex — — ^2 drachms 

remains, without the form of the cryftals being Glafs of borax — — 2 Jjrachrns 

injured. Phofphoric acid is capable alfo of dil- Yellow oxyd — — 20 grs. 

folving this oxyd but the folution in a fliort produced a cie.ir glafs of a fnfbke-brown colour, 
time becomes turbid from the precipitation of a Silex — — — ^ 2 drachms 

llocculent fub-phofphat of a yelluwifh white Vitreous phofphoric acid 
colour. ^ (from bones) — 2 drachms 

All the above folutions are decompofable by Yellow oxyd — — 20 grs. 

eauftic alkali, * a lemon yellow oxyd being produced an opake apple-green glafs, like 

thrown down. Carbonated alkali throws down chryfoprafe 

a yellowifh white preripitate which is partly Vitreous phofphoric acid 2 drachms 

refoluble in an excefs of mild alkali. Pruffiat Yellow oxyd — — - 10 grs. 

of potafh throws down from thefe folutions a produced a clear emcrald-grecn glafs. 

copious brownifh red precipitate refembling The glafs produced by the two latter experi- 
kermes mineral. Hydrofulphjuret of ammonia ments was however in fome degree dcUque- 
occafions a brownifli yellow precipitate } and icent. 
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The yellow oxyd when mixed with the com- 
mon cii.imelling ilux, tinges porceiain of a deep 
orange yellow. 

I’he alloys of uranium are as yet wholly un- 
Liiowii. 

UREA. See Urine. 

URIC, or LI line ACID, See Uri- 
NA . Y CaT COLUS. 

URINARY CALCULUS. 

In the bladder of many animals, and particu- 
larly of man, hard round concretions, ftony in 
appearance, are frequently formed, which pro- 
duce moft drcailfui paroxyfms of pain and 
general difeafe, for which no radical cure has 
hitherto been difeovered, except a very ferious 
iurgical operation. 

The ftonc of the bladder has been examined 
with extreme attention by fevcral moft excellent 
chemiils, -who have been ftimulaled by the ad- 
ditional hope of finding a folvent which might 
remove it altogether, or at Jeaft mitigate the 
feverity of the fymptoms which it produces, 
and it was early difeovered that a confiderable 
benefit was derived from the internal ufe of al- 
kaline medicines, taken in as large quantity as 
could be borne, and for a length of time. 

The firft and by far the moft important dif- 
covery relating to the chemical nature of calcu- 
lus, was m.ide by Scheele, in 1776,* who ob- 
tained from it a large proportion of a peculiar 
cryftallizablc fubftance till then unknown, which 
h'ad all the properties of a very weak acid, par- 
ticularly in reddening litmus, and neutralizing 
alkaline and earthy bafes. This fubftance was 
afterwards denominated the Lithic Acid^ and 
more lately the Uric Acid. This difeovery gave 
a new intereft to the examination of calculi, 
and many additional obfervations have been 
added by other chcmifls. Bergman, who was 
employed on the fame fubjc<£l at the fame time 
with Schcele, gave fonie further remarks on its 
habitude with acids. Dr. Wollatton*> has 
llie>AUi that the gouty calculus, or chtdk Jlone^ 
as it is generally called, confifts of the lithic 
acid neutralized by foda, and has alfo added 
largely to our knowledge of the varieties of 
urinary calculi, by difeovering that phofphat of 
ammonia and magnefia is the compofition of 
one Ipccics \ that pure phofphat of lime forms 
another fpecics ; and that the variety know'ii to 
furgeons by the name of the mulberry calculus, 
confifts of phofphat and oxalat of lime.® Dr* 
Pearfon in analyGng 200 fpecimens of calculi, 
has found the lithic acid of Scheele in all but 
£x, in very various proportions, but he condders 
^.£irAyi. ‘ Piil. Tmif. f»r X797. « ILid. for 179^. 


this peculiar fubftance rather as an animal oxyit 
than an acid. Brugnatelli and other cheriiifts 
whom it is neediefs to enumerate, have thrown 
fome further light on this fubjcci ; and laftly, 
a long and moft elaborate feries of experiments 
has been made by Meflis, Fourcroy and Vau- 
quelin, which gives the fullcft and moft com* 
prehenfive view of the fubjefl. ** 

From all thefe authorities we may colled 
the following particulars : 

The greater number of urinary calculi or 
ftoncs of the bladder, are of a round or oval 
ihape, varying in fize from that of a bean to 
the bigneis of a pullet’s egg; brittle, hard 
enough to take a good polilh ; when fawn 
through obvioufly compofed of concentric lami- 
nae formed round a fmall nucleus; of a dull 
yellow to a red gravelly colour, often inter- 
Iperfed with blood-red I’pots ; and the fpccific 
gravity of even the heavieft, does not quite 
amount to 2. Thefe are the calculi in which 
the lithic or uric acid enters as a coiiftituent 
part, but even in thefe there is a confiderable 
variety of texture and appearance, the furface 
being fometimes fmooth and polifhed, fome- 
times rough, with fmall protuberances, and oc- 
caiionally interfperfed with cryftals, which latter 
are the ammoniaco-magnefian phofphat. 

'fhe mulberry calculi^ as they are called, are 
diftinguilhed by their mamillatcd, and ufually 
oliflied furface, refembling that of the mul- 
erry, and their colour too is generally much 
darker. Thefe, as before mentioned, have been 
found by Dr. Wollafton to confift chiefly of 
oxalat of lime. .The analyfis of this and of the 
other rarer varieties, will be mentioned after we 
have deferibed the common lithic calculus, 
which is particularly diftinguilhed by its lamellar 
texture, its toughnefs, and the uniform brown 
yellow colour of the inner part, a good deal 
refembiing petrified wood in appearance. 

When this calculus is boiled for fome time 
in water, a folution is obtained holding about 
8 grains in 5 oz. of liquid, which reddens lit- 
mus paper.® As it grows cold the greateft 
part of the diflblved portion of calculus feparates 
again in the form of fine cryftals, which are the 
ure Lithic or TJric acid. The muriatic acid 
as no efFe6l; on this calculus. Concentrated 
fulphuric acid difiblves it by the aftiftance of 
heat. But the moft charaflcrilUc eftefts are thofe 
produced by the nitric acid. When this acid, 
fomewhat dilute, is boiled on the calculus, the 
latter is entirely ^diflblved, red vapours arife, and 
a good deal of carbonic acid gas is produced. 

4 de Conn. Chem. tom. xo. • Schcele. 
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iThe folution IS acid» though more of the calculus any other acid is added to the urat, the uric 
is added than the nitric acid can diilblve ; it is of acid is depofitcd in final I, brilliant, bulkyi needled 
an orange-yellow colour, which reddens by eva- cryfials, of a faint yellow or wood colour* This 

5 oration,^nd produces rofe-colourcd fpots on is the mod convenient method of procuring this 
le ftin about half an hour after it has been acid for examination, namely, by digefting the 
applied. . This folution is not precipitated' by uric calculi in hot caullic potafh or foda, and 
any cauftic alkali, but when an excefs of it is then feparating it by muriatic acid. Carbonat 
add^d, an alkaline folution is produced, .which of ammonia will alfo feparate the uric acid from 
is of a rofe-colour when heated, and tinges the its alkaline folutions, owing no doubt to the 
ikin equally with the acid folution. fimple agency of the carbonic acid which this 

Lime water decompofes the folution, and fait contains in fuch abundance, its ammonia 
gives a white precipitate, which however is not being volatilized in the procefs. 
uric acid or urat of lime, but oxalat of lime, "When a portion of this calculus Is heated fer 

owing to the produiSlion of fome oxalic acid by in a retort, an ammoniacal watery liquor rifes, 

the adion of the nitric acid. This is confirmed but no oil. This is accompanied by a brown 
by the more compleat adlion of the oxymuriatic fublimate, which may be whitened by a fecond 
acid, ' for when a lithic calculus is digefied on fublimation, and is tnen without finell, has a 
this liquid, or, (till more readily, when this acid fourifh tafie, is eafily foluble in boiling water, 

J ^as is palled through water, holding the calculus and is fomewhat diiFerent from the uric acid 
ufpended in fine powder, the colour of the formed by precipitation of the alkaline folution. 
latter grows paler, it fwells, foftens, becomes A good deal of carbonic acid is given out during 
gelatinous in appearance, and difiblves almoft the heating of the calculus, and a ftrong fetid 
entirely with the gentle evolution of bubbles of fmcll like burnt horn is perceived, together with 
carbonic acid gas. The uric acid is now entirely an odour like peach-flowers, which indicates 
lofl, and the folution contains muriatic acid, Pruflic acid. 

ammonia, and the oxalic and malic acids. Of The uric acid is contained in fmall quantitjr 
thefc, the two latter fubflances are entirely in the moft healthy urine, * for if fome of this 
generated from the uric acid, by means of the liquid is evaporated it depofits a fine red powder, . 
oxymuriatic, and the ammonia is either totally which is foluble in alkali, and has all the pro^ 
prMuced by the fame means, or partially, when perties of urinary calculus. The red fediment 
the calculus previoufly contained a fmall portion which fettles from the urine of perfons after an 
of this alkali, which is fometimes the cafe. But ague fit, is of the fame nature, 
there can be no doubt that part of the volatile The uric acid therefore, though it has many 
alkali that appears, is adually produced in this properties fimilar to the benzoic, and others re- 
inftance, (ince the pure uric acid will yield it by fcmbling the fuccinic, mull at prefent be bon- 
fire in cafes when none of it appears in treat- fidered as a diilin^ acid, which occurs only in 
xnent with the fixed alkalies. urine and in mod kinds of urinary calculi, and 

When this calculus is boiled with the carbo- is diftinguiflied by its fparing folubility in water, 
nated alkalies, little if any efFe£l is produced, by its reparation in a crydalline form from its 
but the caufllc fixed alkalies diflblve it readily, alkaline folution by every acid, by its folubility 
even in the cold, when there is an excefs of the in nitric acid, and the rofc-coloured tinge witn 
alkali. This folution is yellow;, taftes rweetifli, which it ftains the (kin, by the acid fublimate 
and alkaline, but when neutralized, the alkaline and the ammonia which it gives when fublimed, 
urat crydallizes. Liquid ammonia alfo dif- and the very fmall quantity of animal oil which 
folves the calculus, though with di(Hculty. is produced under tne aAion of fire. 

Lime-water has the fame cfFefl, and^the caudic Urat of :imnionia is often found in urinary 
tade of the lime difappears. In all thefe cafes calculi. The prefence of airmonia as an eduit 
a true neutral fait is produced of the uric acid and not a product is afcercain^:d by tlie pungent 
and the alkali or alkaline earth employed, which aminoniacal fniell which is gi\en out wnen this 
is ibluble in water. Thefe folutions are decom- calculus is digrded with a fixed alkali. The 
pofed by every acid, even the carbonic, fo that calculi, of which it ft rms the principal part,^ 
the uric acid has an extremely weak affinity with are generally fmall, coiTee-coIcured, arranged 
the feveral bafes. Thefe decompolitions too in thin rouanilh laminae, ufually u ith a dep ofi. 
are much affided by the extremely fparing folu- tion of phol^hat of lime mtrrpofed, at;d often in- 
bility of the uric acid alone, fo that as foon as termixed with anunoniaco-magneluui pho^’hat. 

' feaecrsy, s adMcle. Jfmudtmj. 
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TJrat of foda has been found by Dr. Wollaf* 
ton to be the compofing ingredient of the gouty 
chalk-ftones, or calculi depoiited under the ikin^ 
chiefly in the neighbourhood of the jointSj and 
which may be mentioned in this place. If a 
Imall quantity of dilute fulphuric acid is poured 
on the chalk-ftone, part of the alkali is extrafted^ 
and cry dais of Glauber’s fait may be obtained 
from tne folution. Muriatic acid^ in like man- 
iier^ produces common fait. The infoluble 
relidue is the uric acid. Boiling water diflblves 
rather more of the chalk-ftone than it would do 
of pure uric acid, and an urat of foda crydallizes 
by cooling. If lithic acid be triturated with foda 
and water, they unite, and a compound is formed, 
which, when the fuperfluous alkali has been 
waihed out, very clofely rcfcmbles the chalk- 
ftone. 

Phofphat of Ammonia with Magnefta^ 

A i'pocics of urinary calculus exifts, which 
was (ird noticed by Mr. Tennant to differ from 
common calculi in being fufible under the blow- 
pipe into an opakc white glafs, indead of being 
almod totally confunied \ whence this able che- 
mift conjectured it to be pliofphat of lime, united 
with fome other phofphoric fait. This conjec- 
ture was found to be aimed exaCt, by the fubfe- 
quent analyfls of Or. Wolladon, who afeertained 
its compofition to be a triple fait, compofed of 
pholphoric acid, ammonia, and magnefla. 

This fuiible calculus is always whiter and 
harder than the common calculi, and generally 
has the appearance of fparkling cryftals, which 
are fornetimes voided in the mrm of a white 
fand. The white amorphous calculus of this 
fpecies contains, befides the triple ammoniaco- 
magnellan phofphat, fome pholphat of lime and 
a little uric acid, but the cry dais are the pure 
triple fait. Thefe were analyfed by Dr. Wol- 
ladon in the following manner; the ammonia 
was firft driven off by heat, and the cryftals 
were rendered opake. Nitric acid then diflblved 
the remainder, a> d by adding nitrat of mercury 
an infoluble phofpliat of mercury was formed, 
whence the mercury was expelled by heat, and 
the phofphoric acid remained iingle.' Sulphuric 
acid added to the fupernatant liquor produced 
^foin fait, fliewing the prefence of magnefia. 
Thefe cryftals require a hirge quantity of water 
for folution, but diilbivewith eafe in the acids. 

'riiis triple fait may be readily produced by 
adding ammonia to phofphat of magnefia, and 
the form of the artificial as well as of the native 
fait, is ufually a Ihurt three -fided prifm, termi* 
sated by a pyramid of three or fix fidcs. 

» WoUaften. 


Fourcroy (^ives die following diftinAive cha« 
raders of this fait: it diflblves readily in the 
acids, more fo even than pholphat of lime: 
dilute fulphuric acid in particular forms a clear 
folution. Ammonia only feparates fome fmall 
flocculi from this folution, whereas it totally 
precipitates phofphat of lime. The cauftic aU 
kalies feparate ammonia from this calculus in 
fenfible fumes ; they do not diflblve it, but take 
up the phofphoric acid and leave the magnefia 
pure. By all thefe chemical properties this cal* 
cuius may be readily diftinguilhed in analyfia. 

Phofphat of Lime Calculus. 

The furface of this calculus is generally of a 
pale brown,* and fo fmooth as to appear poliihed. 
When fawn through it is found very regularly 
laminated, and the laminae in general adhere 
fo (lightly to each other as to feparate with eafe 
into concentric crufts. Sometimes the laminae 
are ftriated in a dire^fllon perpendicular to the 
furface, giving a cryftallized fibrous texture. 
This calculus diflblves totally and (lowly iu 
nitric or muriatic acid, and the muriatic folu* 
tion cryftallizes on evaporation. The phofphat 
of lime is precipitated by ammonia. Before the 
blowpipe this calculus at firft becomes (lightly 
charred, owing to the burning of fome gelatin 
or other uniting animal matter with which it is 
intermixed, but it foon becomes perfe£Ily white, 
and at laft fufes into an opake globule. This 
fufibility depends on the confidcrable proportion 
of phofphoric acid which it contains, and in 
this it differs from the common earth of bones, 
which holds an excefs of lime, and is therefore 
infufible per fe. 

Calculus^ with Oxalat of Lime. JfiLulberry 
Calculus.^ 

This calculus is the hardeft and heaviefl: 
of all thefe fubftances. Its colour is gene« 
rally of a dark chocolate-brown externally, 
and irregularly grey within. Its furface is 
covered with tubercles or rounded knobs like 
the mulberry : when fawn through it gives the 
fame fmell as bone or ivory. It is folublc with 
difficulty in acids: the cauftic alkalies have no 
a£Iion upon it, but when a carbonated alkali is 
boiled with it for a few minutes, it is completely 
decompofed, carbonat of lime is depofited, and 
the liquor contains the oxalat of the alkali ufed, 
mixed with a little phofphat. If acetited lead 
is added, a compound precipitate of oxal.!t and 
phofphat of lead is formed, to which if ful* 
phuric acid is added, fUlphat of lead is produced, 
and the oxalic acid remains in the fupernatant 
liquid, and may be procured in its proper cry* 

s WoUaAon, Fsurcroj. 
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ftallized form* rChis calculus^ when calcined Sp^ 6. T/rat Jlmmonia and Earthp 
in the open air^ blackensj and gives an ammo- phats^ in diflin^ layers. 

niacal fmell and the other produ£ts of fofc Xhcfe refemble Sp. 4« in appearance, and can 
animal matter, and a white powder finally rc- only be diftinguilhed by analyfis. Generally 
mains, which confifts of quick-lime and phof- the nucleus is the urat, and tne phofphats are 
phat of lime. The quick-lime is that portion external ; but fometimes it is the reverfe. Sp. 
of this earth which was united to the oxalic gr. 1.312 to 1.761. 

acid, and its production or complete calcina- Sp. 7. Urat of Ammonia and Earthy Phof~ 
tion is a perfectly diflinguifhing mark of this phats intermixed, 

fait, as no other calcareous fait has yet been Thefe am fcarcely diftinguifhable but by 
difeovered in calculus but the phofphat, and analyfis. Their texture appears at firft very 
the acid of this latter is not deftruCtible by fire, uniform, but attentive examination will (hew 
The very extenfive and accurate refcarches of their diflinCt laminae of the component falts. 
Meflts. Fourcroy and Vauquelin, on urinary Sp, 8. Phofphat of Lime and Ammoftiaco^ 
calculi, have difeovered to them the twelve Afagnefan Phofphat, 

following diftinCl fpecies, with the enumera- This fpccics is of a pure chalk-white, friable, 
tion of which we fhall conclude this article, infoluble in alkalies, difiblves in weak acids : 
referring the reader to the original for a more fometimes it is of an enormous fize. Sp. gr. 
complete defeription.^ only from 1.138 to 1.471. . 

<S^. I. Calculi of Uric Acid alone, Sp, 9. The nucleus Oxalat of Lime^ and 

Thefe, which the mod frequently occur, are covered nvith a thick coating of Uric Acid, 
didinguifhable by their refemblance to wood in This variety can only be didinguiflied by 
colour, by having a denfe radiated texture, and the eye when fawn through, when each fub- 
by being entirely foluble in caudic alkali, with- dance may be rccognifed by its peculiar marks, 
out giving any fmell. Their analyfis has been Sp. gr. =: 1.341 to 1.754. 

already mentioned. Sp. gr. = 1.27 to 1.7 8. Sp, 10. A nucleus of Oxalat of Lime^ and in^ 

Sp, 2. Urat of Ammonia, vejled nvith earthy Phofphats, 

Thefe are pale- brown, difpofed in fine brittle This too requires to be fawn through to be 
laminae^ with a nucleus in the middle ; foluble in didinguifhed. It is not uncommon. Sp. gr. 
caudic alkali, with difengagement of ammonia. = 1.168 to 1.752. 

Muriatic acid takes away the ammonia and leaves Sp, 11. Uric Acid or Urat of Ammonia^ earthy 
die uric acid pure. Sp. gr. z= 1.225 **720. Phofphats^ and Oxalat of Lime, 

Sp. 3. Oxalat of Lime, Mulberry Calculi, op, J 2 , Uric Acid ^ Urat of Ammonia^ earthy 

The colour of thefe calculi is brown } the Phofphats ^ and Silex, 
furface mami dated, fometimes approaching to This is made a didindl fpecies on account of 
prickly : they are hard, denfe, and take a fine the filex, which however is very rare, 
poll Hi ; and when fawn give out the fmell of The above claffification appears to us fome- 
rafped bone. They are infoluble in caudic alka- what too 'complicated, and many other varieties 
lies, foluble in acids, and when calcined leave might doubtlcfs be found which would liave as 
pure lime. 'Fhey alfo abound with an animal good a claim to be confidcred as didinCl fpccics 
matter, like gelatin. Sp. gr. = 1.428 to 1.976. as fome of thofe here enumerated. It will ferve 
Sp, 4. TJrie Acid and Earthy Phofphats^ in however to fhew the very various nature of 
iivo difinB layers , urinary calculi, and the total abfcnce of any one 

Their colour is white like chalk, they are common chemical property ; and hence may be 
friable, and contain a nucleus of uric acid, demondrated the impoffibility of finding a finglc 
and the phofphats externally- They can -only folvent which would apply to every cafe of this 
be didinguiilied when fawn through. Sp. gr. formidable difeafe. 
very variable* URiblE. Harn. Germ, 

o/>. 5. Uric Acid and Earthy Phofphats in^ Human urine is an extremely compound fluid, 
iermlxed. but one with the nature of which we are now 

The external charafters of thefe calculi are very accurately acquainted on account of the 
extremely variable. Sometimes they appear ho- many excellent and accurate analyfes partial or 
mogeneous, at other times they are marbled or com pleat which it has undergone from feveral 
veined like the onyx. I'he colour is excellent chemids, among whom we may j^ar- 

never of a chalk white, and they are often loapy ttcularly mention Mr. Cruikdiank and a moft 
to the touch. Sp. gr. 1.213 to i*739. elaborate and maderly analyfis by Meflrs* 

Fourcroy't SyUeme, See. tOBU to* * Scs &0U0 on Diabctci. 
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Tourcroy and Vaiiqnclin.* Its compofition has 
been partially explained under the article Phof- 
pborus. and PhofphaU^ as it was the fubftance 
from which phofphorus was fir ft extra^ed. 

The fut)j[lances which unqueftionably com- 
pofe healthy urine before any change has been 
induced by putrefaction or artificial heat, are 
the following, viz* water, phofphoric acid, 
muriatic acid, uric acid, benzoic acid, carbonic 
acid, foda, potafh, ammonia, lime, magnefia, 
gelatin, and a very fingular fubftance peculiar 
to this fluid, to which was formerly given 
the vague term of a fapoiiaceous extraCt, but 
which has more properly been called urea (uree) 
by the French chemifts above mentioned. Be- 
fides thefe component parts, Prouft and fome 
other chemifts have admitted a peculiar refln, to 
which the colour and odour is attributed ; 
fulphur, and fulphuric acid, united partly with 
the foda and partly with the lime. But thefe 
three laft fubftances are doubtful, and they 
may be pafled oyer. 

Of the above mentioned indubitable ingredi- 
ents of urine all the acids are nearly, but not 
entirely, faturated with one or other of the 
refpeOive bafes (for a flight excefs of acid is 
ihewn in recent urine by its reddening litmus) 
fo that a number of neutral fa Its arc formed, 
and may be aflually extrafled by fimple pro- 
cefles. Of thefe the moft important are, muriat 
of foda and potafli ; phufphat of lime $ phof- 
phat of foda ; and phofphat of foda with ammo- 
nia, a fait long celebrated under the term Micros 
eofmic falt^ or Fufible fait of Urine. Befldes thefe,. 
after putrefa£lion has begun in this fluid, a 
confiderable quantity of ammonia is generated, 
which not only faturates the excefs of acid, but 
gives a very fenfible alcalefcency, and caufes the 

f )rodu£tion of fome other neutral falts, particu- 
arly the urat of ammonia ; benzoatof ammonia; 
and, by uniting with the phofphat of magnefia 
it forms the triple ammoniaco-magnefian phof- 
phat deferibed in the article of urinary calculus. 

Urine, recently made by a perfon in health, 
is a clear yellow fluid, varying in fpecific gravity 
from 1*033 to 1.005,® according as it is more 
or lefs watery, of a peculiar fmcll, a very acrid 
faline tafte, and flightly acidulous fo as to redden 
litmus. After Handing for fome hours it be- 
comes turbid, and a red matter is depofited, 
which is chiefly uric acid^ and may be rc-dif- 
folvcd by heating the urine. 

'When urine is expofed to a gentle heat in 
an evaporating velT:! a fteam arife*, impreg- 
nated witli an urinous odour, and a feum arifes 

^ Aun.Lhim tom. 31 Sc ja* 


with many globules of gas entangled iti st^ 
which are emcffly carbonic acid.^ As the eva* 
poration advances the colour deepens to a dark 
red, and foon a whitifli flocculent coagulum is 
depofited, and the fteam acquires an ammoni« 
acal fmell. At this period the excefs of acid 
exifting in recent urine is Joft, and on the con* 
trary it turns fyrup of violets green, which^ 
together with the acquired ammoniacal fmell, 
indicates the formation of a quantity of diis 
alkali by the a£tion of the heat. This circum* 
ftance too has another effedl, which is to pre- 
cipitate the phofphat of lime which was held in 
folution by the excefs of acid, and the whitilh 
coagulum confifts of this earthy fait, together 
with an animal matter of the nature either of 
gelatin or albumen, and of fome urat of ammo- 
nia. When the evaporation is continued till 
the liquor has a fyrup^ confiftence, this, when 
decanted from the fediment, and fet in a cool 
place depofits a confiderable quantity of brown 
dirty cryftals. To feparate the whole of thefe, 
the fupematant liquor Ihould be alternately eva- 
orated and fet bv to cool, till the whole is 
rought nearly to drynefs. By re-diflblving all 
the foul cryftals in warm water and again 
cryftallizing, the falts may be obtained pure; 
but for the purpofe of analyfis it is better firft 
to digeft the entire mafs, botli « cryftals * and 
refidue, with good alcohol, which will not fen- 
fibly a£b on the falts, but will diilblve the ex* 
tra^ive matter with which they are mixed, and 
that of the refidue, which conlilU chiefly of 
the urea. 

The falts confift of the muriats of potafh and 
foda, phofphat of foda, and of the phofphat of 
foda with ammonia, or fuJihU fait. If after being 
rediflblved, the folution is ftrongly evaporated 
and fet by to cool, a confufed afliemblage of 
cryftals is formed, which was formerly confi* 
dered without much diftinflion, as the native 
fait of urine. But if the folution is allowed to 
evaporate fpontaneoufly, the muriats firft fepa- 
rate, after which fmall cryftals of phofphat of 
ammonia are formed, and along with them 
larger cryftals of fimple phofphat of foda, which 
latter may be diftinguiftied by their fize, by 
their form of comprefled four-fided prifms, by 
efflorefeing, and by running into an opake 
glafs when melted ; whereas the pure phofphat 
of ammonia when heated parts with its alkali, 
and a clear globule of phofphoric acid is left. 
(For the further habitudes of thefe two falts fee 
the article Phfphats.) 

The above fimple method of analyfis there- 

• CmiklhaBk. 
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fore will giTe die followtac; produfls: viz. ift. 
a flocculent depofit compolecl of uric acid, phof- 
phat of lime and a little albumen or gelatin : 
ad. an alcoholic folution containing the proper 
extradive matter or urea: and 3d. a watery 
folution of the alkaline muriats and phofphats. 
With regard to the relative proportions of thefe» 
Mr. Cruiklhank finds that 36 oz. of healthy 
urine may yield about 1 oz. of folid contents, of 
which he eftimates the muriatic falts to be about 
3 drams ; the alkaline phofphats to be 3 dr. 
50 grs; the depofit of phofphat of V<me and uric 
acid to-be 25 grsi. and the extradive matter or 
urea to be 3 drs. 40 grs. 

Some rough eftimation of the relative pro- 
portions of the muriats and the phofphats in the 
entire fait of urine may be made by heating 
them ftrongly, by which if the muriats are very 
prevalent, the mafs will ftrongly decrepitate 
and fufe with difficulty ; but if the phoiphats 
more abound the whole will readily run into 
thin fufion. The uric acid and phofphat of 
lime may be eafily diftinguiftied by dlllblving 
them in dilute nitric acid and evaporating to 
drynefSy by which the dry mafs w!ien warm will 
afiume a deep rofe colour, if the uric acid is 
refent, and the folution will ftain the fingers; 
ut if only phofphat of lime is prefent no fuch 
efFcd will be produced. Calcination in a red 
heat will deftroy the uric acid, and will leave 
the phofphat of lime as a white friable mafs. 

We ihall purfuc the analyfis of urine no 
further than to detail fome of Ihe efFeds of 
reagents upon urine, and the charaderiftic pro- 
perties of urea. 

Pure ammonia, and the fixed alkalies, and 
the alkaline earths dropped into healthy urine, 
produce a (light cloudinefs which fettles into a 
precipitate of phofphat of lime. This is owing 
to the neutralization of the acid which held it 
in folution as before explained. 

InfuGon of galls or oak-bark gives a fmall 
precipitate of tan, which amounts on an average 
to about t grain in an ounce of urine. 

Muriat of barytes caufes a copious denfe pre- 
cipitate of phofphat of barytes, which amounts 
to about 13 grs'. from 4 oz. of healthy urine 
according to Mr. Cruiklhank^ which is equiva- 
lent to aTOUt 24 grs. of microcofmic fait. 

Acetit^d lead produces a copious precipitate, 
which coniifts ot phofphat and muriat 01 lead. 
Thefc may be feparated by digrftion with about 
20 parts of diftiiled water, which will difTolve 
the muriat of lead and leave the phofphat. 'fhe 
latter difttlled with charcoal yiclda fbo/j^borui^ 
at mentioned under that article. 


We proceed to deferibe the principal proper*' 
ties of the faponaceous extrafl of urine or ifrta. 

Mr. Cruiklhank had found that this, was that 
part of the urine which peculiarly yielded carbo- 
nat of ammonia when diftiiled, and he has men- 
tioned the following lingular habitudes with nitric 
acid. If to one oz. of this extract be added as 
much nitrous acid diluted with an equal weight 
of water, a violent effervefcence accompanied 
with the difengagement of nitrous gas will take 
place, and when the a^ion has ceafed, and the' 
liquor become cold, a number of Ihining cryf> 
tallinc fcales refembling the acid of borax, will 
be depofited, which when dried on blotting 
aper will weigh about 6 or 7 drams, and will 
ave the lhape of flat rhomboids with a fmooth 
greafy feel. Thefc cryftals are much more 
foluble in hot than in cold water ; diflblve in 
alcohol ; have decidedly acid properties ; and 
are readily diflblved in fulphuric and muriatic 
acid. 'Their folution in water does not render 
lime-water turbid, nor does it a£l apon acetite of 
lead, fo that it is neither oxalic nor phofphoric 
acid. When heated, this fait melts and evapo- 
rates in white fmoke, and a reddilh flame fimi- 
lar to nitrat of ammonia. 

To thefe diftinguiftiing properties of urea, 
the refearches of Fourcroy and Vauquelin have 
added the following : to obtain it in the 
greateft purity, urine Ihould be evaporated 
flowly to drynefs, and the refidue digefted with 
alcohol, which will leave moll of the falts un- 
touched, but will diflblve the urea mixed with 
a little benzoic acid, from which it cannot well 
be feparated, but which is in fuch fmall quantity 
as not much to interfere with the properties of 
pure urea. If this alcoholic folution is evapo- 
rated to the confluence of fynip and allowed to 
cool, the urea feparates in imperfedk quadrangu- 
lar plates, of a brilliant yellowilh white, which 
alfo contain a little muriat of ammonia. In 
this ftate it has an extremely fetid fmell, 
ftrongly adheres to the vcflfel that contains it, 
is hard and granular, but highly dsliquefeent ■ 
when expofed to the air. 

When urea U heated per ^ in a retort with 2 
moderate fire, a white fmoke firft arifes, which 
cryftallizes in the neck of the receiver, and is 
benzoic acid. After this comes carbonat of 
ammc:iia, which aifo cryftallizes, ancT this pro- 
do£l continues unchanged to the end of the 
proctfs, without the production of any liquid, 
watery or oily. The veflels are filled with an 
intenfely fetid fmell, refembling that of putrid 
filh. The refidue in the retort is blackiih and 
dry. If farther heated, wliite fumes of muriated' 
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mmmonia rifei and the carbonaceous refidue 
exhales an odour of pruiFic acid when moiflencd. 
Urea is extremely folubie in water, and the folu- 
tion when kept without addition does not eafily 
alter, bu^ on adding any albuminous matter it 
ferments, and acctitc of ammonia appears in the 
liquid. 

When the watery folution of urea is didilled, 
it is refolved ahnoft totally into liquid carbohat 
of ammonia, which is colle<fled in the receiver. 

The eftetSl of nitric acid upon this (ingular 
fubdance has been already partly mentioned. 
The efFervefcence produced by this acid is owing 
to the extrication of a vad quantity of azotic gas, 
mixed with carbonic acid. 

The caudic fixed alkalies readily didulve urea, 
difengage a good deal of ammonia from it, and 
the folution contains the benzoic, acetous, and 
carbonic acids, united with the alkali employed. 

Another remarkable property of urea is the 
difpolition which it gives to muriat of foda 


mixed with it to crydallize in offobedfons, 
and muriat of ammonia in cubes; whereas the 
natural form of thefe falts is exadlly the reverfe. 
Thus the common fait obtained in evaporating 
uvitie is always at fird o£lohedral, but on cal- 
cining it to get rid of the urea, it appears on 
re-lbiutioii and crydallization in its natural cubic 
form, 'riie like etfeft is produced by mixing 
cubical common fait with urea and crydallizing 
it, when it ailumes the o£fohedral form. 

This remarkable fubdance requires further 
examination. 

The urea almoft entirely difappears from 
urine during thafr'fingular difeafe the Diabetes 
Mellittis^ and a very large quantity of faccharine 
matter is produced, which latter may be ex- 
trafled in abundance by evaporation and clarifi- 
cation, and has ually been brought to a very 
clofe refemb lance of Mufeovado lugar, and by 
digedion with r^kric acid, yields a large quan- 
tity of oxalic acid. 


V 


VARNISHING*, arid LACQUERING, the 
.. art of. 

A varnKh, in the mod extenfive application 
of the term, is any fluid, which when fpread 
thin upon a folid fubdance adheres to it, and, be- 
coming dry, forms upon its furface a fhining 
coating impervious to the air, and to moidure. 

In treating of this fubjeft the mod conveni- 
ent method of arranging it will be according to 
the nature of the mendrua from which the dif- 
ferent varniihes derive their fluidity. Thefe 
mendrua are three in number, namely alcohol, 
eflential oil, and fat oil. 

The folid fubdaiices which by folution in the 
•above mendrua compofe the body of the di£- 
iierent varnifhes are the following. 

I. Benzoin. 

This fubdance Is ufed in compound alcoholic 
varniihes, chiefly on account of its fragrant 
odour : by itfelt it forms a tenacious but foft 
varnifli, which requires the addition of fome 
of the harder refins. 

a. Lac. 

This is one of the mod ufeful ingrediei^ts in 
alcoholic varnidies, it forms a body of great 
toughnefs and hardnefs : the only objeftion to 
it is its colour, which is a brownifh red. 
Madich. 

is is a refin of prime importance to the 
iranuflier ; if welf fele£ted it has fcarcely any 


colour, and polTefles both toughnefs and hard- 
nefs in a very confiderable degree. 

4. Anime. 

This refin is employed in fome compoun 4 
alcoholic varnifhes, chiefly on account of its 
agreeable odour. 

5. Elemi. « 

Of this refin there are two forts, the Ethi- 
opian and South American. The former is 
reatly preferable to the latter ; it is of a folid 
ut tough confidence, a greenilh colour, and 
pofleflTes an odour refembling that of fennel : it 
communicates to the compound varnifiies great 
toughnefs and durability. 

6. Sandarach. 

This refill communicates remarkable fplen- 
dour to alcoholic varnifhes, but on account of 
its foftnefs requires to be mixed with the harder 
and tougher refins. 

7. Turpentine. 

Almod all the dlflbrcnt varieties of turpen- 
tine are employed by the varniftier : they afford 
gloflinefs and body at fmall expence, but re- 
quire the admixture of fome of the harder 
refins. 

8. Gamboge. 9. Dragon’s blood. 

Thefe are never employed by thenifelves, but 
are ufed in fmall proportions for the purpofe of 
colouring compound varnifhes, efpecially thofe 
ufed in lacquering. 
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SjO^ CopaU 

This valuble fubftance is employed in all the 
three kinds of varnilh^ to which it communi- 
cates an uncommon degree of hardnefs. 

11. Amber. 

This is alfo a very valuable ingredient, but 
its application is principally confined to the co- 
loured and opake oil varniflies. 

12. Afphaltuni. 

This bitumen is extenlively ufed in the belt 
black oil varnifhes. 

13. Caoutchouc. 

This fubftance is ufed only in the oil varnilh 
with which balloons are covered. 

5. I . Alcoholic vanti/hcs. 

Alcoholic varnifhes are prepared with Icfs 
trouble than others, they are eafily applied, 
they foon dry, and are entirely free from any 
difagreeable odour \ on this account they are 
in very general eftimation. T hey are however 
in return, very liable to crack, or fcale off, and 
are incapable of refilling blows or long con- 
tinued fri£lion. 

'I'he compofition of thefe varnilhes, though 
upon the whole fulficiently fimple, requires a 
few precautions which we lhall proceed to 
mention. In the firft place, care fhould be 
taken not to add more refin than the fpirit can 
take upj for moft refins, however homogeneous 
they may appear to be, confift of parts unequal- 
ly foluble in alcohol ; the confequcnce of a fu- 
perfiuity 6 f refin therefore will be, that the moft 
foluble parts aloiie will be taken up, and the re- 
fulting varnilh will be found to be much fofter 
and lefs durable than if only fuch a quantity of 
refin was added as juft fufliced to faturate the al- 
cohol. Indeed the very bell way of proceeding 
is to add the refin by fmall portions at a time, 
taking care not to add a freih quantity till the 
whole of the preceding is taken up. 

Secondly, a mixture of two or more refins is 
foluble in a lefs quantity of alcohol than would 
have been required for the folution of each fe- 
paralely. This is particularly the cafe with 
thofe compounds into which copal or fandarach 
enter; thefe fubftances, efpccially the former, 
being but very fparingly foluble by themfelves 
in alcohol. 

, Thirdly, much depends upon the purity of 
the alcoliol. If diluted to a certain degree with 
water it is incxpable of afling even on the 
fofteft refins ; and for copal varnilhes the high- 
eft poillbie degree of redification is abfolutely 
efifential. 'rhe addition of camphor Angularly 
facilitates the folution of copal and the more 
iotr^flable refins^ but if ufed in too great a pro- 


portion it makes the varnilh mealy, and di- 
minillies its tenacity. 

Fourthly, during the folution of the refins it 
is expedient that they Ihould expofe as large 
a furface as pofilbio to the a^u ii of the 
fpirit ; for it not unfrcqucntly happens, efpeci- 
ally when heat is app.icd, that the refins run 
together into a tough mal's, after which their 
foiution goes on very llowly : this inconvenience 
may be obviated by mixing the refills with ra^ 
ther coarfely pounded glafs. 

The following are fome of the moft approved 
receipts for alcoholic varniflies. 

1. Take of clean mall ich 6 ounces ; and of 
fandarach 3 ounces, and reduce the mixture to 
fine powder in a clean Wedgwood mortar ; 
to this add 4 ounces of coarfely pounded glafs, 
and pour the mixture into a three pint flalk 
containing a quart of highly reiilified alcohol : 
ftop the fi.iik loofely with a cork, and let the 
ingredients digeft together in a warm room for 
three daysT lhaking the mixture frequently in 
the interval. 'Fhen melt three ounces of very 
clear Venice turpentine, by putting it into a cup 
fet in hot water, and as loon as it is perfe£l]y 
liaiieiicd pour it into the alcoholic folution, 
alio previoully warmed, and then digeft the 
whole in hot water for two hours ; ftirring it 
up frequently with a rod of glafs, or a flick of 
white wood. When the digeftion is finilhed 
let the flalk Hand quiet for about a week in a 
warm room, and after that ftrain the varnilh 
into a bottle through a little cotton wool. 

2. Take of copal that has been liquefied, and 
afterwards very finely pounded, 3 ounces, of 
clean mailich 3 ounces, of gum fandarach 6 
ounces, and of poiu tiled glafs 4 ounces : mix 
the ingredients with a quart of alcohol and di- 
geft them as aiveady dired,Icd : then add ’2\ 
ounces of clear turpentine. 

'rhis is a Itroiig and durable vaniilli which 
may be applied to chairs and other articles of 
furniture. 

3. Take of fandarach 4 ouncesi of feed lac 
2 ounces, of maflich 2 ounces, .md of eleini 
1 ounce ; digell the whole in a quart of alco- 
hol moderately warm, and when ihe folution 
is compleat add 2 ounces of Venice tairpon- 
tiiie. 'Fhis forms a good varnilh for vioiina 
and other mufical inUruments. 

4. I'ake of feed iac 8 ounces, and digeft it 
foi:* three or four days in a warm place with a 
quart of alcoho! ; when the folution is com- 
pleat ftrain it through flannel to feparate the 
impurities, and tlic clarified liquor is tlie com*> 
mqn lac varniftu 
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g. Take of maftich half an ounce, of" white 
frankincenfe a quarter of an ounce, of fanda- 
rach half an ounce, of benzoin half an ounce, 
and dilTolve the ingredients in a pint of highly 
red^ified alcohol : a colourlefs varnifli is thus 
formed, which is employed for defending the 
iilvering of clock-faces, of barometer fcales, 
and other fimilar articles, from the a&ion of 
the air. 

.6. Take of fandarach 6 ounces, of elemi 4 
ounces, of anime 1 ounce ; pound the whole 
together, and then add 4 ounces of coarfely 
pulverized glafs : infufe the mixture in a quart 
of re£lified alcohol, and add at intervals as the 
folution goes on half an ounce of camphor. 
The refult is a very ^ood colourlefs varniin for 
boxes of papier mache and (imilar articles. 

7. A (imllar varnifli to the above but fome- 
what coarfer, is compofed of white frankincenfe 
6 ounces, anime and elemi of each two ounces, 
pounded glafs 4 ounces, and a quart of alcohol. 

§. 2. EJfential Oil Varni/bes. 

The high price of mofl of the eflentlal oils is 
fuch as to preclude the vamiflier from the ufe 
of them; oil of lavender is occafionally em- 
ployed, but the ufual menftmum is oil of tur- 
pentine. The purity of this latter fluid is of 
the utmoft importance: that which is com- 
monly fold at the oil and colour fliops, though 
fufficientlv pure for oil painting, will very 
rarely anlwer the purpofe of the varniflier, who 
if he wiflies to fave himfelf from much mortifi- 
cation and difappointment will apply for this 
articlp to Apothecaries’ Hall, London, where 
it is conftantly to be procured in the utmoft 
purity. 

Vamiflies with oil of turpentine and the 
rcfins are fomewhat fofter but confiderably 
tougher than thofe prepared vrith alcohol ; 
hence they are not fo liable to crack and fcalc 
oflF. They are principally ufed for varnilhing 
oil paintings, for mixing up colours with, and 
for lacquering. A compofition applicable to 
Ae firft of thefe purpofes is the following. 

8. Take of pure and waflied maftich 12 
ounces, and of pounded glafs 5 ounces, infufe 
the mixture in a quart of pure oil of turpentine, 
adding at intervals half an ounce of camphor in 
fmall pieces; when the maftich is diflblved 
add to the warmed fluid an ounce and a half 
of clear turpentine previoufly melted, and ftir 
the mixture together till it is thoroughly incor- 
porated. 

Several of the copal v.trniflies may be alfo 
arranged under this feflion, efpecially thofe 
jdiat are beft fitted for vamifhing articles of 


wood and paftebbard. Several of thefe have 
been already deferibed under the article Copal,. 
to which we refer the reader. To thofe may 
be added the following very fimple and very ' 
efficacious one. 

9. Take from 3 to 4 ounces of copal that 
has previoully been liquefied in as gentle a heat 
as polfible, and 20 ounce meafures of the 
pureft oil of turpentine; put this latter in a 
mattrafs fet in boiling water, and add the pul- 
verized copal in fmall quantities at a time, in 
proportion as it is diflblved. If the materials 
are good, and the procefs well condu£led, 
fomewhat more ^lan 3^ ounces of ropal will be 
taken up, and the liquid will be a little cloudy : 
by Handing for a few days it will become clear, 
and fhould then be drained through cotton. 
This is a thick varnifli, and will generally 
require to be diluted with a little warm oil of 
turpentine before it can be ufed : it forms a 
very hard and durable glazing, which wilt dry 
in mmmer in the fpace of two or three days, or 
in a lefs time if put into a warm ftove. 

$. 3. Fat Oil Vami/bes. 

Thefe are tougher and lefs liable to crack 
than the preceding, and by expofure to a proper 
degree ot heat may be made to acquire a very 
great hardnefs : tliey are however very long in 
drying without the alliftance of a ftove, and 
give out an extremely difagreeable odour during 
drying: they are alfo for the moft part high 
coloured, and are therefore feldoih ufed by 
themfelves, but mixed up with fome opake 
body colour. The materials employed in the 
compofition of thefe varniflies, with the excep- 
tion of mere colouring fubftances, are the fol- 
lowing, copal, amber, afphaltum, drying oil, 
and oil of turpentine. 

The moft colourlefs of the fat varniflies is 
thus prepared. 

10. Take of copal liquefied, according to 
Tingry’s method, and finely pulverized, 4 
ounces, of drying linfeed oil and oil of turpen- 
tine, eakh 10 ounces; put the whole into a 
mattrafs, and apply a very gentle heat till the 
copal is diflblved : this being done,' let the var- 
nim ftand for a few days to clear, and after- 
wards drain it through cotton. 7 ms forms a 
folid and nearly colourlefs glazing,, and dries 
eafily at the common temperature. 

11. Take of picked copal 16 ounces, and 
melt it in a clean iron pot with as gentle a heafu 
as polfible, when fts fufion is compTeat, pour in 
^ ounces of drying linfeed oil boiling hot, and 
incorporate the ingredients by ftirrin^; then^ 
remove it from the filre^ and while it is yet 
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vartn pour ifi a pint of oil of turpentine, alfo 
warm; (train the varnifli before it gets cold 
through a piece of linen, and bottle it. The 
older it is before being ufeil the better. This 
is a verv valuable varnilh though higher co- 
loured than the preceding j when dried care- 
fully in a (love it becomes very hard. Amber 
varnifli is reckoned harder than copal varnilh, 
on which account it is preferred for fome works, 
it has the difadvantage however of being much 
deeper coloured. "J'o prepare this varnifh, 

12. Take of amber coarfely pounded t 6 
ounces, and melt it in a clean iron pot, then 
add to it 2 ounces of melted lac and lo ounces 
of drying oil boiling hot ; incorporate the whole 
accurately by ftirring, then remove it from the 
fire, and add a pint of warm oil of turpentine. 

The beautiful black varnifli ufed by the 
coach-makers is thus prepared. 

13. Take of amber 16 ounces, and melt it in 
a clean iron pot, then add to it half a pint of 
drying liiifeed oil boiling hot, and 3 ounces of 
roiin, and the fame quantity of afphaltum, each 
in fine po der, flir the materials together till 
they are thoroughly melted and incorporated 
together ; then remove the varnilh from the lire, 
and add to it a pint of warm oil of turpentine. 

The abov.' oil varniflies are intended to dry to 
a very hard confilteiice: thofe however that are 
employed for making filk and linen water afid 
air tignt are required to be tough, without any 
degree of hardnefs. A varnilh of this kind, 
^which was firil applied to balloons, is thus 
compofed. 

14. Take of the heft oil of turpentine 3 
ounces, and of caoutchouc in flips a tnird of an 
ounce ; put the whole in a clofe corked bottle, 
and keep it at the ufual temperature for three 
or four days, in which time the caoutchouc will 
for the moft part be diflblved, forming a tena- 
cious thick fluid; pour this into a pint of drying 
linfeed oil, and neat the mixture for a few 
minutes nearly to boiling, then taice it from the 
lire and ftrain it while warm through a piece of 
linen. This is a very effectual varnifli, but it 
is long in drying. The following therefore is 
to be preferred. 

.15. Take of very drying linfeed oil half a 
pint, and of birdlime i* pound, put the mixture 
in an iron pot, and heat it nearly to boiling, till 
the birdlime ceafes to crackle, then pour in 2 ^ 
pints more of drying oil, and boil it for about 
«n hour with ronftant ftirviiig, taking care that 
it does not boil over. When it has acquired 
fo much tenacity that a little rubbed between 
Itworknife blades will draif out into-threads on die 

¥Oii. 11. 


reparation of the blades from each other, it may 
be removed from the fire, and well mixed with 
a quart of oil of turpentine, and then drained 
and bottled. In order to apply it, the filk or 
linen iiiuft be quite dry and the varnilh luke- 
warm ; a thin coat ik to be fird laid on on one 
fide, and about twelve hours after two other 
coats fliould be laid on one on each fide, and in 
twenty-four hours after the Huff will be dry 
enough to be ufed. 

J 4. Of Lacquers, 

A lacquer is a tranfparent varnifli applied to 
the furfacc of metals, both for the purpofe of 
protefting them from the adbion of air and 
moidure, and for heightening their colour and 
bringing it nearer to tliat of gold. The metals 
that are commonly lacquered are bvafs and tin. 
The following are fome of the bed varniihes 
for the purpofe. 

17. Take of •turmeric pulverized f ounce, 
and of faffron and arnotta each 2 drachms ; in- 
fufe them at a moderate temperature for a week 
or more in a pint of redlified alcohol : feparate 
the yellow tin£bure thus obtained, by draining 
through a piece of clean linen, and add to the 
clear liquor three ounces of good feed lac ; let 
the materials diged together for fome days in a 
bottle, with frequent lhaking, and then drain 
off the clear which is the lacquer. If the 
piece of brafs to which it is to be applied is 
large, as a lock for example, it is to be warmed, 
and the lacquer alfo warm is to be fpread on 
with a brufli ; if the articles are fmall they are 
to be made up into packets, then warmed and 
afterwards dipped into the varnilh. 

Another lacquer for brafs Hill cheaper than 
the foregoing, and nearly as good, is made by 
fubdituting half a drachm of the bed dragon’s 
blood in dead of the falFron and arnotta. 

The following varnilh may be applied to 
lamps and other articles of tinned ware, in 
order to make them refemble brafs. 

18. Take of turmeric one ounce, and of 

dragon’s blood two drachms ; infufe the ingre- 
dients in a pint of alcohol, and when the tinc- 
ture is compleated, drain it through' a piece of 
clean linen, and add to the clear liquor three 
ounces of feed lac ; in a few days the folutton 
will be compleated, after which the varnilh is 
to be drained and is then fit for ufe. > 

One more lacquer remains to be mentioned, 
namely that which is employed iu the prepare* 
tion of gilt leather as it is called* 'Fhe appear- 
ance of gilding is produced on leather by fixing 
upon it, by means of drong lizc. .very highly 
burnilhed tinfoil or filver leaf, and then^ooalilig 
3 ^ 
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the poliflied furface over with the following 
varnilh. 

19. Take of fine white reCn lbs. of com- 
mon refin the fame quantityy of gum fandarach 
a| lbs. and of common aloes 2 lbs. : melt the 
whole over a gentle fire, ftirring them well at 
the fame time with an iron fpatula ; when the 
fufion is compleat add by degrees 7 pints of 
linfeed oil, and make the whole boil for fix or 
feven hours, ftirring it carefully all the time. 
When the varnifh begins to get ropy, ftir in 
half an ounce of red lead finely pulverized : as 
foon as this latter is compleatly diflblved re- 
move the varnifti from the fire and ftrain it 
while warm through a linen or flannel bag. 
VECJE rABLE MATEER. 

Having already noticed at length in their 
proper places the different vegetable principles, 
and fuch individual vegetable fubftances as nave 
received any thing like an accurate chemical 
mnalyfisy there remain but a few words to be 
faid on the general fubje£f. 

Vegetable matter, though in its ultimate ana- 
lyfis it is compofed for the moft part of oxygen, 
hydrogen, carbon, and azot, is made up of a, 
number of fecondary compounds, which we 
fliall proceed to enumerate. 

. The moft important of all, if we have regard 
to its quantity, in which it greatly exceeds all 
the reft put together, is vegetable fibre or Wtiod. 
This is to plants what bone, mufcle, and cartilage 
are, to animals ; to this they are entirely indebted 
for their (lability and the refiftance which they 
are able to oppofe to external violence : it enn- 
ftitutes the greater part of all woods and barks ; 
of the green epidermis of herbaceous plants, of 
the network of leaves, and of the fine downy 
fibres in which the feeds of cotton and various 
other vegetables are imbedded. It confifts of 
carbon, oxygen, hydrogen, and a little azot. 
By dry diftillation it yields hydro-carbonous 
gas, carbonic acid, empyreumatic acetous, or 
pyroligneous acid, with a little ammonia, and a 
little volatile oil ; a large proportion of char- 
coal remains behind in the retort, ftill exhibit* 
ing in a very pcffcA manner the texture of 
the wood. Th'jre is no animal fubftance at all 
analogous to vegetable fibre. 

The next perhaps in quantity is fecula or 
ftarch. It is contained in all feeds, and more 
fparingly in moft of the bulbous, tuberous, and 
other fleihy roots. It is not afeertained whether 
azot enters into its rompofirion ; it certainly 
however afford# no ammonia by dry diftillation. 
It appears to be abfolutcly peculiar to the vegc- 


ExtraS is another of the peculiar vegetable 
principles ; but though nothing analogous to it 
exifts in the animal kingdom, yet it aflTord# 
ammonia both by dry diftillation and by the 
a£iion of quicklime } in the former cafe indeed 
the ammonia is maiked by the contemporaneous 
produ£lion of empyreumatic acid, but it may 
readily be fet at liberty by means of the fixed 
alkalies. 

Another vegetable principle is Tannin : it is 
contained in certain barks, woods, and leaves, 
and aflbrds by dry diftillation an empyreumatic 
acid but no ammonia. It may be confidered as 
peculiar to vegetables, although it appears from 
Mr. Hatchett’s experiments that a fubftance 
very fimilar to tannin may be procured by the 
a£lion of nitric acid on various kinds of animal 
matter previoufly charred. 

Gum mucilage is another of the peculiar vege- 
table principles to which nothing analogous has 
yet been difeovered in the animal kingdom : it 
refides chiefly in the barks of trees, and in a 
few of the bulbous roots. By dry diftillation 
it affords an empyreumatic acid, from which 
however quicklime fets at liberty a quantity of 
ammonia, thus Ihowing that azot enters into 
the compofition of this I'ubftance. 

Volatile oil is alfo peculiar to the vegetable 
kingdom : it occurs in the bark, the wood, and 
the covering of feveral feeds; it appears to con- 
fift entirely of oxygen, hydrogen, and carbon : it 
does not afford any ammonia by diftilla ion. 

Camphor^ Re/in, and Baifam alfo rank among 
the peculiar vegetable principles, and appear to 
con lift of oxygen, hydrogen and carbon, with- 
out any azot. A few of the aromatic animal 
produAs indeed, fuch as mufk, civet and am- 
bergris appear to contain a portion of refill, 
which however differs from vegetable refin in 
aflbrding ammonia by digeftioa with fixed alkali, ' 
and therefore contains azot. 

Gum Tijin^ Gluten and Caoutchouc^ are three pe^ 
culiar vegetable principles, into the compofition 
of which a confiderablc quantity of azot enters, 
as they afford ammonia and oil by dry diftilla- 
tion, but no acid. 

The acids peculiar to vegetables arc the /cr- 
Vsr/V, ritric and gallic^ the malic^ oxalic^ acetic and 
prujjic ; of thefe however the four latter, though 
not fjriginating in animal organization, may yet 
be produced by the afiiun oFdiflereiit re*agems 
on feverai animal produ£ls. 

The fubftances common ' to both vegetable 
and animal matter are the following, viz. 

Sugar. This is conts^ined largely in the 
ftem# of fome of the.grafles, in the ne&aries of 
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ftll bYoflbms, in the pulp of certain fruits, and 
in manv of the flelhy fpindlc-fhapecl roots $ 
alfo in tne miilc of animals, and in human urine 
in a peculiar difeafed ftate. It is much more 
abundant in the vegetable than in the animal 
kingdom, and by deitru£livc diilillation affords 
a large proportion of empyreumatic acid but no 
ammonia. 

Fixed oil: This is contained in moft feeds, 
and in the pulpy fruit of the olive, the cornel, 
and perhaps of a few other plants: in animals 
it refides in the liver, in cellular membrane, and 
in milk : it appears to confiil of oxygen, hydro- 
gen and carbon, with little or no azot, and 
aflbrds an acid by deftruAive diilillation. 

Albumen^ Fibrin and Gelatin : thefe fubftanccs 
are of extremely rare occurrence in the vege- 
table kingdom, but they conftitute alnioft the 
whole of the foft parts of animals : they are 
compofed for the moft part of oxygen, hydro- 
gen, carbon and azot, and afford diftillation 
ammonia and oil, but no acid. 

Benzoic and phofphoric acids : of thefe, the 
former is found in the vegetable balfams, and 
in the urine of the horfe, and of a few other 
quadrupeds: the latter, combined with lime, 
is very abundant in animals, conftituting the 
principal portion of the bones and other hard 
parts ; but is of comparatively rare occurrence 
in vegetables, in which it is found in combina- 
tion with lime or potafli. 

All the above vegetable principles may be 
ultimately refolved into the following 15 fub- 
ftances, viz. oxygen, carbon, hydrogen, azot, 
fulphur, phofphoric and muriatic acids, oxyds 
of iron and manganefe, potafli and foda, lime, 
magnefia, filcx and alumine, and of thefe the 
four firft conftitute by far the largeft mafs of 
vegetable matter. 

As all animal matter is prepared by the pro- 
cefs of digeftion from vegetables, it is obvious 
that each of thefe great claffes of fubftances 
muft exhibit in its ultimate analyfis the fame 
limple fubftances. It is moreover evident from 
the preceding enumeration that not only the 
elements, but many of the fccondary principles 
derived from them are common both to vege- 
tables and animals, and therefore that ftridly 
fpeaking there can be no efTential charaAers by 
which the chemift can pronounce dccifively 
co»xerning any unknown fubftance prefented 
to his examination, that it belongs to the animal 
or vegetable kingdom. The old chemifts indeed 
relied with confidence on the phenomena 
afforded by deftru£bive diftillation: if an am- 
modiacal liquor was produced accompanied by 


the odour of burnt feathers, the fubftance yield- 
ing it was prefumed to be of animal origin ^ 
whereas if an acid liquor was produced accent- 
paiiied by the odour of wood-fmoke, tlie un- 
known fubftance was confidered as belonging 
to the vegetable kingdom, and this, though by 
no means an infallible criterion, mult (till be 
confidered as the beft that can be adopted. 

VENUS, cryftals of r-o-oiri. 

VERDITER Copper. 

VERMILLION. See Mercurv. 

VESUVIAN. Votcamc Schorl, Volcanic Chrx- 


folite^ V f/uvian Hyacinth.— Idocrafe. 1 1 a u y . 

Its colour is yellowilh-brown, palling into 
olive and leek-green, clovc-browm, and flefli and 
hyacinth red. 

It occurs in mafs, difieminated, or cryftallized* 
The forms of its cryftals are, 

1. A llrait four-fided prifni truncated on the 
edges and fometimes on the lolid angles ; w'hen 
the prifm is fliort, the whole figure approaches 
near to the cube, and is occafionally even tabular. 

2. A ftrait odlohcdral prifm terminated by 
tetrahedral pyramids with truncated fummits. 

3. A hexahcdral prifm with fingic and fome- 
times double truncatures on the lateral edges, fo 
as to give the cryftal a cylindrical appearance. 

The cryftals are middic-fized or fmall, and are 
either folitary or in groups, or in drufes ; the 
lateral faces are (lightly ftriated longitudinally, 
the others are fmooth. Externally it has a 
brightly Ihining vitreous liiftrej internally its 
lu(tre is gliftening and undluous. Its fradlure is 
impcrfedlly conchoidal palTing into fine granular 
and lamellar. It is ufually more or lefs tranflu- 
cent^ is hard, biittle, and eafily frangible. Sp. 
gr. 3.36 to 3.42. 

It fufes before the blow-pipe without addition 
into a yellowi(h-grcen gla(s. When ftronglv 
heated in a charcoal crucible, it forms a denie 
clear nearly colourlefs glafs, with imbedded 
grains of iron : in a clay crucible it affords a 
dark olive green glafs of confiderable luftre. 

Specimens both from Vefuvius and Siberia 
have been analyfed by Klaproth with tlic fol- 
lowing refults. 

Vcluviiis. Siberia. 

35'S — 42- Silex 

33* ” 34 . Lime 

22. 25 — 16.25 Alumine^ 

7.5 — 5.5 Oxydofiron 

0.25 — a trace Ditto of manganefe 


98.5 — 97.7s 


It occurs in the lava of Vefitviut accompanied 
3 M » 
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by granular Hme(lone,fclfpar, mica, hornblende, and only an offenfive mouldy watery liquid 
'/.oolite, garnet, &c. The Siberian variety is remains, with fcarcely any fournefs. It belongs 
found in Kamtfchatka, at the mouth of the river therefore to the ikill and experience of the 
Achtaragda, imbedded in fteatite, and accom- manufacturer to know when his vinegar is 
panied by magnetic iron. compleat and fit to be drawn off and clofely 

VESUVIAN (of Kirwan). See Leucite. barrelled. 

VINEGAR. Germ. Vinegar was doubtlefs (as its name imports) 

Vinegar is a liquor of an agreeable fmcll, a originally made from wine, and this is the mz* 
pleafant and flrongly acid taflc, and of a hue terial which furnifhes it probably in the greateft 
varying from light red to brown draw colour, and perfection, and is employed foie ly in the wine 
is prepared by fermenting any fubltancc or com- countries. It is prepared by adding wine lees 
pounti which has already undergone the fpiri- to wine, which excites a new fermentation that 
tuous fermentation. Vinegar therefore may is kept up till the whole is changed to vinegar, 
be made immediately from aOy wine, malt Any wine will anfwer the purpofe; the beft 
rr]-.ior, cyder, &c. or from the juice of the and fulleft-bodied wine gives the llrongcft vine- 
grape and other fruits, from infufion of malt, gar, and that which is already foured and in- 
or any faccharine liquid, through the inter- jured by keeping may be applied to this ufe. 
medium of vinous fermentation. Both thefe The aCtual method purfued in Paris is the fol- 
methods are aClually praClifed with compleat lowing. » A quantity of wine lees is put into 
fuccefs. a large tun, and worked up with wine lufficient 

The chemical properties of the pure acid of to render it very fluid. This is then put into 
the different kinds of vinegar (which appears to cloth facks, which are arranged in a large iron- 
be the fame in all) have been already deferibed bound wooden vat, the heavy cover of which 
under the article Acetous Acid, and we fliall is laid over them and ferves as a prefs, that is 
therefore only mention the ufiial proceffes of gradually ferewed down till all the liquor is 
manufacture. prefled out. "I'he wine, thus loaded with the 

To make vinegar out of a liquor containing extractive and tartareous matter of the lees, is 
fuit.ible materials, it is only neceffary, ift. to diftributed in large calks fet upright, through 
allow fume accefs of air to the veffel in which the heading of which a hole is cut which is 
it is kept, and zd, to keep it in a temperature conftantly left open. In fummer thefe calks 
rather higher than that of the atmofphcre in are fimply fet in the fun, but in winter they are 
this climate, that is to fay, about 75° to 80®. arranged in a lloved room. The fermentation 
It is alfo almofl effential where a liquor already comes on in a day or two, and when it has got 
fermented is employed, to add a portion of to its height fo much heat is excited that fome- 
yeaft, or any other ferment, for though any times the hand can hardly be borne in it. In 
fermented liquor if kept in a moderate tern- this cafe it mull be checked by a cooler air, 
perature in an open veffel will fpontaneoufly and by adding fome frelh wine to the calksj 
run four or become changed to vinegar, this and indeed it is in a due regulation of the heat 
change is too gradual to produce this acid in that moll of the praClical ikill of the maker 
perfeClion, and the lirll acetified portion turns conlills. The procefs goes on in this way till 
mouldy before the lall har become four. But the whole of the wine is thoroughly acidified^ 
where the fubllance employed has not yet un- which requires about a fortnight in fummer 
dergone fermentation, the whole procefs of the and a month in winter; after which the new 
vinous and fubfequent acetous fermentation vinegar is put into barrels, at the bottom of 
will go on uninterruptedly with the fame fer- which ‘are laid a good many chips of beech 
meat which at livll fet it in aflion, which hap- wood. Here it remains for about a fortnight^ 
pens, for example, in the making vinegar from during which time it clarifies and the clear part 
malt or from fugar and water. is then drawn off and kept in well clofed calks. 

As even vinegar is not the ultimate change Thefe beech chips may be ufed over and over 
which a vinous liquor fpontaneoufly aflumes, again for feveral years. 

there is a period in the procefs of the manufac- The natural colour of good wine vinegar is a 
ture in which the acid is in its highell degree of very pale red, but a higher colour it given, if 
(Irengtk and nerfe£lion, after which if the defired, by the addition of elder-berries, 
procefs ra not flopped, the liquor fpeedily dc- There are feveral flight variations in the 
tcriorates^ the acetous acid gradually difappears, mode of making wine vinegari but which need 

Xncycl. Ant St Met, Article Viuaigre; 
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not be detailed. They all confift: in exciting a 
fredi fermentation in wine and keeping it up in 
a moderate degree till acetification is compleat. 
Many refufe parts of the vine are of ufe for 
this purpofe, fuch as the hulks, the four fuccu- 
lent twigs, the marc or cake left in the wine 
prefs, and the like'} and after they have once 
ferved, they are ftill more valuable, as the acid 
which they naturally contain, or which is evol<» 
ved by them, is more readily produced. 

Wine may alfo be converted to good vinegar 
without thebe additions, fimply by adding wine, 
efpecially when on the fret, to vinegar already 
made, and esTpoling it to a proper heat. In this 
way many manufacturers proceed, keeping their 
calks always full by taking out of them at in- 
tervals about a third or fourth part, replenilliing 
them with wine, and again bringing the con- 
tents to the ftate of vinegar. 

In this country vinegar is chiefly made from 
malt. The following is the ufual procefs in 
London. A malh of malt and hot water is 
made, which after infuflon for an hour and a 
half is conveyed into a cooler a few inches 
deep, and thence, when fulliciently cooled, into 
large and deep fermenting tuns, where it is 
mixed with yeaft and kept in fermentation for 
four or live days. The liquor (which is now a 
ftrong ale without hops) is then dillributed 
into fmaller barrels fet clofe together in a (loved 
chamber and a moderate heat is kept up for about 
(ix weeks, during which the fermentation goes 
on equally and uniformly till the whole is 
foured. This is then empt ed into common 
barrels, which are fet in rows (often of many 
hundreds) in a held in the open air, the bung- 
hole being juft covered with a tile to keep off 
the wet but to allow a free admillion of air. Here 
the liquor remains for four or live months, 
according to the heat of the weather, a gentle 
fermentation being kept up, till it becomes per- 
fe£l vinegar. This is finifhed in the following 
way. Large tuns are employed, with a falfe 
bottom, on which is put a quantity of the refufe 
of railins or other fruit left by the makers of 
ratlin and other home-made wines, called tech- 
nically rape. Thefc rape tuns are worked by 
pairs; one of them is quite filled with the 
vinegar from the barrels, and the other only 
three-quarters full, fo that the fermentation is 
excited more ealily in the latter than the for- 
mer, and every day a portion of the vinegar is 
laded from one to the other till the whole is 
completely finilhed and fit for fale. 

Vinegar^ a$ well as fruit-wines» is often made 


in fmall quantity for domeftic ufes, and the 
procefs is by no means dilFicult. Tlie materials 
may be either brown fugar and water alone; or 
fugar with railins, currants, and efpecially ripe 
goofeberries. Thefe fhould be mixed in the 
proportions which would give a llrong wine, 
put into a fmall barrel, which it (liould fill 
about three-fourths, and the bung-hole very 
loofely ftopped. Some yeaft, or, what is better, 
a toaft fopped in yeaft fhould be put in, and the 
barrel fet in the fun in fuinmer, or a little way 
from a fire in winter, and the fermentation will 
foon begin. This Ihould be kept up conftant 
but very moderate, till the tafte and fmcll in- 
dicate that the vinegar is compleat. It fhould 
be poured off clear and bottled carefully, and 
it will keep much better if it is boiled for a 
minute, cooled and ftraiiicd before bottling. 

Vinegar contains a confiderable quantity of 
colouring extra£live matter, from wjiich it can 
only be freed by diftiliation, the procefs of 
which, together with the chemical properties of 
this acid, nave been mentioned under the article 
Acetous Acid. 

When vinegar is long kept, efpecially expofed 
to the air, it becomes muddy, acquires a mouldy 
unpleafant fmeli, lofes its clear red colour and 
. all its properties, and finally is changed to a 
ilimy mucilage and water* 

VITAL AIR. See Oxygen. 

VITRIFICATION. See Glass. 

VITRIOL, native. Naturlicher Vitriol. 
Wern. 

Its colour is greyifh or yellowifh-white, apple 
or verdigris-green, or fky-blue ; when dccompo- 
fing it is covered with an ochery cruft. It occurs 
in mafs, diffeininated, ftala£litical and capillary. 
Externally it is rough and dull, internally it is 
more or lefs fliining, with a vitreous or filky 
luftre. Its fraflure is generally fine and ftrait 
fibrous, fometimes alfo lamellar or conchoidaU 
It is foft, brittle, tranflucent, and has an acerb 
metallic flavour. It is more or lefs folubic in 
water, and is a mixture in various proportions 
of the fulphats of iron, copper, and zinc. 

It not unfrequently occurs in caverns and 
(hafts, in argillaceous fchillus, and in old mines, 
efpecially Yuch as abouna in blende and pyrites. 

VITRIOL blue. See Cuppek, Sulphat of. 

VrrRIOL green. See Ikon, Sulphat of. 

VrrRIOL white. See Zinc, Sulphat of. 

VI TRIOLATED TARTAR. See Sul- 

phat of Potafh. 

VITRIOLIC’ ACID. See Sulphurtc Acio. 
VOLATILE ALKALI. See Ammonia. 
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WAKKE. 

Its colour generally a deep green Ifh -grey, 
pafling to greenifli ant! grcyifli black ; it is" alto 
not unfroquently fpotted reddifli or brownifli. 
It occurs in mafs and cellular; tlip cells being 
either empty or filled with other minerals. In- 
ternally it is dull. ItvS fra£liire is even, pafliiig 
into uneven and earthy. Its fragments are inde- 
terminate and blunt-cdged It is opake, ac- 
quires a liitle luftre by friftion, is fift and 
e::fi!y frangible; it is fomewhat umfluoUvS to 
the touch. Sp. gr. 2.5 ? = a.J-'p. It is readily 
fufible by itfelf before the blow-pipe into a blacic 
glnfs. 

It belongs to the more rccetjt of the rocks of 
trap-formation, and not unfreqiicntly inclofcs 
petrified w'ood and other organic remains. It 
occurs in beds, and veins, and forms the bafe of 
many of the amygdaioids. 

The cavities in the cellular variety generally 
contain green earth, calcareous fpar, &c. It is 
often mixed with cryftals of bnfaltic hornblende, 
'With black mica, magnetical iron ore| and 
native bifmuth. 

For further particulars fee Trap, 
WALKERER E. See Fui.ler^s Earth, 
" water . EatijYr. Wjfer^ Gexm. 

Water at the common temperature is a per- 
feftly tranfparcnt inelafiic fluid, of a very pale 
bluiui-green colour when in large mafles, and 
entirely deflitutc of flavour and odour. In or- 
dinary circumftances it retains its liquid form 
.only between the two extremes of 32” and 212^ 
of Fahrenheit’s thermometer, but when fub- 
je£Ied to great prefluie, as in Papin’s digefter, 
it is able to fiiilain nearly a red heat without 
being converted into ftcam : and on the other 
•hand when the prelFure of the atmofphere is 
removed, by inclofing it in an exhaufied re- 
ceiver, it is convertible into elaftic vapour 
by a temperature hardly exceeding 70®. Its 
point of congelation alfo may be protraficd, by 
cautioufly cooling it down without agitation, 
to about 22**; but at this temperature a flight 
frid^ion is fufficient to determine the inllant 
foiidification of the mafs, which is attended by 
a very fenfible evolution of heat, as we have 
(liewn at large in the article Caloric. Water, 
like Other inelaftic fluids is nearly though not 
abfolutely incomprcL^ e. The fpccific gravity 
of >^er at 60® is = i.o, this liquid being 
univena lly adopted as that to which the fpccific 
gravities of all other bodies are to be comp ired. 


and by which they are to be adjuflcd. Other 
liquids incrcafe in denfity by an uniform pro- 
grelFion according to the cold to which they 
are expofed, but in water the period of grealeft 
denfity is at the temperature of 1 2® F. and from 
tliis point equal degrees, whether of cold or 
heat, produce equal changes of fpecific gravity, 
fo that water at 3 ® and at 52® poflefles the 
fame degree of denfity. 'Fhc abfolutc weight 
of a cubic foot of water at 40®, appears from 
fome very accurate experiments by Lefevre 
Gincau to be =: 437102 grs. troy, or .999.09 
ounces avoirdupois ; and the weight of a like 
bulk of water at 55® is (fated by Prof. Robifon 
at 998.74 ounces avoirdupois. 'Fhe weight 
of a cubic inch of water at the fame tempera- 
ture is zrr 25 <.03 grs. but according to the 
experiments of Sir G. S. Evelyn, as correfted by 
Mr. Fletcher, it is =z 252.506. See the Ap- 
pendix of Weights and S'lenfures, 

At 32® Fahr. as we have already mentioned, 
water becomes folid, and in doing fo, aflumes a 
true cryftalline texture : if a flalk of water be 
fet in a moderate freezing mixture till a con- 
fiderable part is frozen, and the fluid portion 
be then poured off, there will be perceived aci- 
cular cryftals (hooting from the mafs, and 
croffing each other at angles of 60 and 1 20 de^ 
grees ; fometimes alfo, though rarely, there 
may be perceived tetrahedral prifms terminated 
by dihedral fummits. Icc when at a low tem- 
perature is confiderably hard, tough, and elaftic: 
at the celebrated palace of ice conftruffed one 
winter at Peterfburgh by order of the late Em- 
prefs Catharine, there were cannon made of this 
material, which fuftained feveral difeharges with- 
out burfting. The fpecific gravity of ice is con- 
fidcrably lefs than that of water, in confequence 
of which it floats upon its furfacc ; a part of this 
buoyancy, however, is to be attributed to the 
bubbles of air entangled in its fubftance, which 
are difengaged by common water in the a£k of 
congelation. The expanfive force of water while 
convening into ice is ib prodigious that its li- 
mits have not yet been afeertained : the moft 
interefting experiments on this fubjed arc thole 
performed by Major W illiains at Quebec:* 
bomb-fhe Is about 13 inches in diameter, and 
with a thiikiufs of metal exceeding 2 inches, 
were filled with water ; the fufc holes were 
then plujjged up with iron bolts, and the (hells 
thus chaigv*d were expofed to the open air at 
a tempnratuve between — 4® and — 19®: at 
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Ae moment of congelation the plugs were 
tlirown out with a hifling noife to a dif- 
tance of 300 or 400 feet, while a column of 
jce rofe at the fame time through the fiife hole 
to the heighth of feveral inches : when the plug 
was fecured by ftrong ^rings fo as to render 
it almoil impolfible to force it out, the (hell 
itfelf burfl with a fudden crack, and two thin 
plates of ice forced their way at the fame time 
through the aperture. The greatefl difference 
obferved in thefe experiments between the bulk 
of water before and after congeiation^ was 
t 1 74 : 1 84. 

Water, under the ordinary atmofpheric pref- 
fure, is converted into fleam, at 212^ of tem- 
perature, and by fo doing it expands to about 
1800 times its former bulk: the elaflic force 
which it thus acquires is very confiderablc, and 
conftitutes the moving power of that mofl im- 
portant machine, the (team engine. Steam 
readily and entirely condenfes into water as it 
cools, and it is in this way, that is by diflilla- 
tion, that pure water is obtained ; for the mofl 
delicate chemical ufes, the diflilJation niuft be 
carried on in glafs veffels, and even with every 
pollible precaution it is by no means eafy to 
obtain this fluid of abfolute purity. 

It does not appear that mere heat is capable 
of cflofting any change in water, for fleam may 
be p^ifTed through a red hot glafs tube, and be con- 
denfed at the other end again into pure water. 

A confiderablc alKnity fubfilts between water 
and atmofpheric air; for if this fluid recently 
diflilled be expofed for a few days to the air, 
and afterwards be boiled or fubjeiled to the 
a< 5 >ion of the air-pump, a confiderablc quantity 
of bubbles of gas will be difcngaga?d ; there Hill 
however remains a portion combined with the 
water which it is very difficult to get rid of 
even by long boiling. 

Oxygen gas is ahforbed by water in preference 
to atmofpheric air, and by means of ftrong 
agitation and prelTure. according to the experi- 
ments of M Paul, of Geneva, 100 cubic inches 
of this fluid may be made to take up 50 
cubic inches of oxygen gas, 33 cubic inches 
of hydrogen and 66 cubic inches of car- 
buretted hydrogen. Water thus higlily charged 
efFervefees when the estraordinary preflure 
is taken off, and in this flate has been ufed 
as a medicine. Any other of the permanent 
gafles may in like manner be combined wdth 
water, as we have mentioned when treating of 
thefe fubflances. For the prt?portions of differ- 
ent gaff s which water ar the common prefTure 
u capable of taking up, fee the article Gas. 


Water is capable of combining with and di£p 
folving the acids, the alkalies and alkaline 
earths, and all the compound falts ; with feve^ 
ral of thefe fubftances it unites in two propor- 
tions, forming in one cafe a folid, and in the 
other cafe a fluid compound ; thus if calcined 
gypfum, or barytes, or lime, or fulphat of foda^ 
are mixed with a certain proportion of water, 
the refulting mafs is quite as folid as before, 
and during this firft combination a qua* tity of 
heat is conilantly extricated, but if to the falts 
thus faturated ir.ore water is added, folution 
takes place, ami cold is g>Micr.itcd. l*Vom this 
folution the fait may again be in moll cafes 
procured, by evapor.ition and cooling, in a cryf- 
talline form, in which, tiiough folid, it is fttll 
faturated with water : this proportion of water 
appears to be ncceflary to the cryltalline form 
of the fait, and hence is ufiially called its foattr 
of cr^allixation £ by a dry licat it is driven off 
and the fait alone remains in a pulverulent or 
amorphous (late. 

A confiderable alfinity fubfifts between water 
and alcohol : if determinate bulks of thefe two 
fluids be mixed together, the refulting mafs 
will be found to have a fpecific gravity fuperior 
to that of the mean of the ingreilients, and 
a fenfible degree of heat will be difengaged 
during mixture : there appears however to be 
no point of mutual faturation, as they will com- 
bine together in all proportions. Refills and 
moll other fubftances infoluble in water, but 
folublc in alcohol, are precipitated from their 
folution by the addition of this latter fluid i 
as on the other hand all Tales that are foluble 
in water but not in alcohol arc precipitated by 
means of this from their watery folution. 

Ktlier and water are capable of uniting in 
two diflerent proporiions. If equal bulks of 
the two fluids are ihaken together, and then 
allowed to reft for a few feconds, the mafs will 
divide into two diitindl liquids, of which the 
upper and ligliti-r is ether holding a little water, 
and the lower and denfer is water combined 
v/lth a little ether. That ether faturated with 
water is chemically dift'erent from pure etlicr, 
appears from its being able to diflblve caout- 
chouc, which this fluid when pure is incapable 
of doing. 

None of the Ample combufiibles appear to be 
foluble in water, nor have they any niarked 
ai^lion on this fluid at the common tempera- . 
tare. Even at a much higlier heat hydrc'>gcn 
and fleam exert no mutual a<Slion on each 
other. The effecl of hot melted fulphur on 
water is dubious, and that of phofphorus has 
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not been examined : it is faid that a mixture ing the compofition of water. The firft hGt of 
of phoiphoras and fulphur at a boiling heat any importance was obferved by Macqucr who 
Hecompofes water, phofphurettod and fulphu- found that a bottle filled witly hydrogen gas 
retted hydrogen gas being difengagcd. But of and exjfbfed to the air burnt with a lambent 
all die combultibles charcoal has the mod blue flame unaccompanied by any fmoke, and 
marked a£tion on water : if a glafs or earthen- that the infide of the veifel after the combuftion 
ware tube be filled with pieces of charcoal, was lined with drops of a fluid which appeared 
and then lieatcd red hot, and if fteam be palTed to be water. Some time afterwards Dr. Prieft- 
imo it in this fituation, both the water and ley exploded in a glafs veffel a mixture of 
charcoal will by degrees difappear, and there oxygen and hydrogen gas, and found that the 
will be generated a prodigious quantity of veilel became moift in the infide, and was lined 
mixed gas, confiding of carbonic acid, oxyd of with a black matter, fuppofed by Dr. P. to 
carbon, and carburetted hydrogen. originate from the mercury by which the gaffes 

Of the metallic fubftances, iron, zinc, tin, were confined, 
and manganefc decompofe water by the aflift- Induced by the above refults, Mr. Cavendifh^, 
ance of heat, hydrogen gas being produced, in 1781, mixed together 500000 grain mea- 
and the metals being reduced to the date of fures of hydrogen gas from zinc and fulphuric 
oxyd. Gold, filver, platina, and copper have acid, and about 24 times as much of atmoipheric 
no aftion on water even at a red heat; the air : by combuftion the bulk of the mixture was 
effed of the other metals has not been exa- diminilhed to about ^ of that of the latter gas, 
mined. there were obtained 135 grs. of pure water. In 

The compofition of water is one of the main order to repeat the experiment in a more unex- 
pillars on which the theory of Lavoifier refts, ceptionable manner he exploded a mixture of 
it will therefore be proper co enter fomewhat 19000 grain meafiires of oxygen gas and 37000 
art large into the fubje£i. of hydrogen gas: 2950 grain meafures remained 

Water was confidered by the ancient philofo* unconfumed, and there were obtained 30 grs. 
phers, as a fimple elementary fubftance, unde- of an acidulous fluid, which appeared to be a 
compofable, but which by mixture with other mixture of water with a little nitric acid, 
bodies conftituted the principal part of the In another experiment the proportion of hydro- 
nutriment of animals and vegetables. The firft gen was increafed, and the refulting fluid ap- 
modification of this theory was by Van Hel- peared to be pure water, being wholly free from 
mont, who having raifed plants fuccefsfully in any acid. From thefe he drew the conclufion 
pure water, concluded that this fluid alone that the appearance of nitric acid was owing to 
IS convertible into all the vegetable principles, accidental impurities, and that water was com- 
Soon after, Boyle having procured earthy fcales pofed of oxygen and hydrogen.* Soon after 
by long digeftion of water in glafs veflels her- Lavoifier and La Place performed a fimilar ex- 
metically &alc<l, concluded that this fluid was in periment, from which they obtained 295 grs. of 
part at lead convertible into earth: Margraaf pure water, and accordingly concluded that 
obtained the fame refult from the repeated flow water was compofed of oxygen and hydrogen* 
diilillation of ^ water in glafs veffels. But Another welI-condu£led experiment with the 
though there was no inaccuracy in the fa6^^ it fame view was executed by Le Fevre de Gineau, 
was demonilrated by Lavoifier that the veiTels of which the following are tl>e principal parti* 
themfelves during the procefs loft a portion of culars. 35085.1 cubic inches of oxygen gas 
their weight exa£Ily equal to that of the obtained from black oxyd of manganefe, and 
earth produced, and therefore that the earth weighing 254 gros. 10.5 grains, were exploded 
was in all probability derived not from the with 7^967.4 cubic inches of hydrogen gas 
- water, but from the glafs ; a conclufion which procured from foft iron and diluted fulphuric 
^as Either confirmed by Dr. Prieftley, who acid, and weighing 66 gros. 4.3 grains; hence 
latisfaAorily fliowed that water by long con- the whole weight of the gafles operated on was 
tact with glafs'at a high temperature, always = 320 gros. 14.8 grains. After the combuftion 
decompofes a part of it, probably in confequence there remained 39 gros. 23 grains of elaftic fluid 
of iu affiuity for the alkali. confiding of d mixture of oxygen, azot, and car- 

While thefe difeuflions were going on, the bonic acid, hence the amount of gas which had 
xlifco'Wy of the gaflfeous fubftances commenced difappeared amounted to 280 gros. 63.8 grains. 
jatdSwn led to an entirely new theory concern- But there was produced 280 gros. jo grains ot 

* Plul. TnaH Ixxiv. pi z st. 
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' icidttlrat liquor, confiding of water 'with a 
little nitric acid, the lofs of weight in thcL. whole 
ex peri ment being only 33.9 grains. 

The moft fatisfadlory experiment, howerer^ 
on this important fubjed, was made in 1790, 
by VauqueUn,. Fourcroy, and Seguin. The 
oxygen employed by them was procured from 
oxymuriat of potafh, and the hydrogen from zinc 
and diluted fulphuric acid : of the former the 
amount was = 13475.198 cubic inches, and of 
the latter =25980.563 cubic inches: the com- 
bullion was carried on very flowly, and there- 

Hydrogen = 25963.563 cub. inch = 1039 
Oxygen 12570.942 cub. inch = ‘6209 


fore lafted feveral hours, at the expiration^ of 
which time there remained 987 cubic inches of 
gas, confining of the following ingredients, vix« 
467 Azot 
465 Oxygen 
39 Carbonic Acid 
ifi Hydrogen 


987 

The proportions of the gafles that had difap* 
peared were eftimated at 

58 grs. 

69 grs. 


and the quantity of water produced was 
= 7245 grs. which is as near an approximation 
to tnat of the gaffes confumed as can poflibly be 
expeded in experiments of this kind. The 
water was fubje6led to all the ufual chemical 
tells, and appeared to be quite pure; there 
remains therefore no poflible objeSion to the 
obvious concluiion from this experiment except 
the appearance of the carbonic acid and azot m 

Lavoifier .... 15. 

Le Fevre Gincau • 15.2 

Vauquelin & Fourcroy 14*33 


7249-227 

the refidual gas. Of thefe the former may be 
accounted for by fuppofing that a little of the 
carbon which zinc always contains, was taken 
up by the hydrogen and underwent combultion 
together witli it : the azot was probably an ac« 
cidental impurity introduced with the oxygen. 

The proportion of the ingredients that com- 
pofe water, as deduced from the preceding 
experiments, are according to 

of Hydrogen to 85. of Oxygen 
84.8 
85.66 


The only objeAion that has been urged 
againft the above proof of the compofition of 
water is the following by Dr. Prieftley. This 
philofoplier having concluded, upon as we think 
xnfufiicient grounds, that the greatell part of die 
ponderable portibn of all gaffes is water, main- 
tained that in the combullion of oxygen and 
hydrogen gas the water that appeal^ was 
merely precipitated, and that the real oxygen 
and hydrogen combined together, forming the 
refidual azot or nitric acid according to circum- 
ilanccs. To diis however it maybe replied, 
that the oxygen from manganefe* and^ from 
moft of the other fources from which it is pro- 
cured, may readily be proved by the common 
cudiometrical procelles to be mixed with a fmall 
contamination of azot ; that Mr. Cavendiih and 
ethers have very fatisfaftorily proved that the 
proportion of nitric acid or azot obtained de- 
pends wholly on the previous impurity of the 
gaffes employed ; and thirdly, that, according 
to Dr. P*8. hypothefis, real oxygen and hydro- 
gen mud be both of them entirely imponderable 
lubftance^ for in thofe cafes where no nitric 
acid appears after the combullion of the two 
gafiesr, but only a fmall portion of azot, he 
mull fuppole not only that this fmall refidue of 
VOL. M. 


azot contains the whole of the real oxygen and 
hydrogen, but that as this azot Hill retains its 
gafieous form it mud ftill confift almoft entirely 
of water. 

The efie£l:s of eleflricity on water ferve as a 
further proof of the modern do^lrine relative to 
its compofition : by palling (hocks along an in- 
terrupted golden or platina wire immerfed in 
water, bubbles of gas are obferved to be difen- 
gaged at every exploCon, and when a quantity 
of air has been thus collefled, if an ele£lrical 
Hiock is pafled into it, an explofion immediately 
fucceeds, water is formed, and the gas difap- 
pears, with the exception of a minute portion 
which. is probably atmofpheric air previoufly 
held in folution by the water. 

The a£lion of certain of the metallic bodies, 
when hdated, on fteam pafled over their fur- 
face, was firft adduced by Lavoifier as a proof 
of the decompofition of water, and his deduc- 
tions have beeii acquiefeed in by moft fucceed- 
ing cbemifts. A quantity of foft iron wire 
being put into a glafs tube and heated red hot, 
100, grs. of water in the form of fteam were 
flowly pafled into the tube; the water difap- 
peared, 416 cubic inches of hydogen gas . 
weighing 15 grs. were produced, and the irotf 

30 
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wire was eofiTerted into a black brittle oxyd 
weighing 85 grs. more than at firlL in this 
procefs* fays Lavoi(ier» the water is decompofedf 
tts oxygen being abforbed by the iron, and its 
hydrogen, the other component part, being 
liberated in the form of gas. Dr. Prieftley, 
however, though he admits the fa£l, explains it 
in the following manner. The water, accord- 
ing to him, in part unites with the phlogifton 
of the metal forming hydrogen gas, while the 
reft of the water combines with the calx of the 
iron. That this black calx really contains water 
he endeavours to ihow by the following com- 
parative experiment.* A quantity of fcales of 
iron and of red oxyd of mercury were mode- 
rately heated, in order to render them as dry as 
poiliole, they were then each put into glafs 
receivers of the fame fize and form, inverted 
in dry mercury, and afterwards filled with hy- 
drogen gas from the fame veffel. The focus of a 
burning lens was then thrown upon the metal- 
lic oxyds, and it was found that by the time 4 
ounce meafures of the inflarnmable gas were 
abforbed hy the iron, the water was running 
down the ude of the receiver in drops, whereas 
although the mercurial oxyd was heated till 8 
,ounce meafures of gas were abforbed, there was 
hardly any fenGble quantity of water produced* 
If this experiment is accurately reported (and 
there feems no reafonable ground for fufpicion) 
it follows not that the phlogiftic theory is true, 
but that the theory of the decompofition of 
water can derive no confirmation from it. It is 
indeed not improbable that there is a real differ, 
cnce between finery cinder or fcales of iron, 
and the black ethiops of the fame metal, the 
latter being a fimple oxyd, and the former 
a hydrat, that is to fay, a combination of oxyd 
witn water* 

Upon the whole it appears that the only per- 
fe£riy unequivocal evidence for the compofition 
of water is derived from thofe experiments in 
which it is aflually produced by the combuftion 
of determinate proportions of oxygen and hy- 
drogen, and from thofe in which it is firft 
decompofed and afterwards recompofed by the 
agency of the ele^ric fluid. Thefe exp(hriment8 
however Have been performed with fuch parti- 
cular care by the moft accurate and intelligent 
.chemilU of the age, that no fa£% in the whole 
circle of chemical fcience is more fatisfaflorily 
(iemonftrated. 

WATERS. Mineral. 

Ever^atural water which flows on the earth. 


or is found beneath its furface, holds fome fo^ 
reign matter in fqlution, which, if it does not 
fenfibly impart feme peculiarity in tafte,^ fmell, 
and. phyfical properties, may at lead be dete£Ied 
by cnemical means ; and when the quantity or 
nature of this foreign ingredient is fuch as to^ 
give obvious fenfible or medicinal properties, it 
is ufualiy called a mineral water. The fait 
wafers of the ocean and of fome large inland 
lakes,, are however excluded from this definition,, 
riiough in every other point of view they are 
full as interefling as the fmaller and compara- 
tively rare fprings, which have the appellation of 
mineral. 

The high importance attached to mineral 
waters has firft arifen. from the extenfive cele- 
brity which they have acquired in the cure of 
difeafes ; a celebrity which many of them main- 
tain to the prefent moment : and they are equally 
interefting to the chemift on account of the va- 
riety of fubftances contained in them, and the 
mode of their chemical union, and as often 
illuftrating the difficult fcience of geology. 

The analyGs of mineral waters has (as might 
be cxpe£ledj been benefited by all the improve- 
ments which have been progreffivcly made in 
general chemift ry, and the fubje£b has been in 
particular elucidated by the labours of many 
excellent jehemifts efpecially diret'ted to this 
objefl. It is (till however in many cafes com- 
plicated and difficult, and requires confiderable 
(kill and minutenefs in manipulation, as the 
fubftances operated on are always in fmall quan- 
tity and often numerous. 

The fubftances hitherto found in natural 
waters are the following : 

1. Oxygen Gas^ in fmall quantity, was firft 
dete£led by Scheele*. It is contained in almoft 
every fpring water, but never exceeds about 

of its bulk, and generally is lefs. It exilts 
in very ioofe combination, and gives no fenfibie 
properties to the water. It is incompaiible 
with fulphuretted hydrogen and with fulphat of 
iron, and therefore cannot be prefent when 
thefe are. 

2. Azotic Gau in fmall quantity and in Ioofe 
combination exifts in fome waters, fuch -s that 
of Buxton, and at the fame time a large quantity 
of it ufualiy rifes in its gafeous form along 
with the water, and paiTes through it in large 
bubbles. This alfo gives no obvious fenfibie 
properties^ 

3. Comtnon Air is contained in fmall quantity 
in all natural waters, from which the laft por« 
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tfottt im with great difficaltf f^arated. This 
lilfo produces no fenfible change in water. 

4. Carbonic Acid. Almoft all natural waters 
contain a portion of this gafeous acid, but which 
araries ea^cmely from xiv or lefs of the bulk 
of the water, to an equal bulk. When the 
quantity is about 7V9 ^nd uncombmed with any 
other bafe, it gives an agreeable pungency to 
the talle, and a fparkling appearance. 

Carbonic acid is found, either totally unac- 
companied with any other fubflance with 
which it has any affinity, or totally united 
with an*"alkaJine, earthy, or metallic oalia s 01^ 
more commonly partly combined, and partly iii 
ezeefs (that is to fay, more than fufficient to 
faturate the bafe) and by its excefs rendering 
the bafe foiuble, or, if this excefs is ft ill greater, 
imparting to the water the fame pungency as if 
it were entirely unaccompanied by any other 
body. The only carbonats hitherto found in 
mineral waters are the carbonats of foda, mag- 
nefia, lime, and iron. Of thefc the tvi o former 
•are foiuble in water, without any fuch excefs 
of acid as to render the water acidulous, but 
not the two latter. 

5. Sulphuretted Hydrogen. A conficlerablc 
number of waters contain a very notable quan- 
tity of this gas, which gives its peculiar fetid 
fmell, and naufeous, fomewhat fweetifli tafte. 
In general the fulphuretted hydrogen is uncom- 
bined with any bafe, but there are fome waters, 
particularly fome of the hot fprings, which, 
along with this fubflance, contain foda, with 
which it doubtlefs combines, and this compound 
often contains anexcefsof fulphur, which it depo- 
fits in a fmall quantity. Sulphuretted hydrogen 
is incompatible with no other gas but oxygen. 

6. Sulphureous Acid is found in fome fprings, 
though rarely, and hitherto has been only met 
with in the neighbourhood of volcanoes. 

7. Sulphuric Acid is a very common ingre- 
dient in waters, but never uncombined, and it 


9* Boracic Acid has been found uncombmed 
in a lake in Tufeany. 

10. Nitric Acid^ united with potalh and pro* 
babiy with other bafes, is found in thofe fprinn 
that come in contad; with the native nitre wim 
which Hungary and fome other countries 
abound. 

1 1 • Soda is the alkali of by far the mod fre- 
quent occurrence in mineral waters. It is fome^ 
times uncombined or only united to carbonic 
acid, fo as to give a fenfible alkalefcency to the 
taflc, and to chemical tefts, and caufes the water 
to lather by agitation. Tliefe alkaline waters 
are generally h6t. 

Soda is aifo found united with fulphuretted 
hydrogen, with fulphuric acid, as Glauber’s 
fait, and with muriatic acid, as common fait. 
Both thefe falts are very frequent in waters^ 
and the latter often in very large quantity. 

12. Pota/h has been extraded, as it is faid, 
from one mineral water, and as late refearcheS' 
have flicwn it to be contained in fome minerals# 
it may probably be found in other waters. 

X Ammonia has been detected by Mr. Ca« 
vendifh in a fpring near London. 

14. Lime is never found uncombined iti 
water, but is contained in fmall quantity in 
almoft every natural water, united with fulphu- 
ric acid as fclenite, and is fcarcely lefs frequent 
difiblved in water by means of carbonic acid. 
Aluriat of lime is alfo not uncommon. 

15. Magnejia is found in the fame combina- 
tions as lime, but not quite fo frequently. 

16. Alumine is not unfrequent in mineral 
waters. Often it is merely fufpended in ex- 
tremely fine divilion, but it has alfo been 
dctefled in union with the fulphuric and mu- 
riatic acids; 

1 7. Si/en. This earth was firft deteAed by 
Dr. Black in the water of the celebrated boiling 
fprings of Iceland. As thefe waters contain 
ah excefs of foda, and as filex is rendered folu- 


gives a fenfible aciduloufnefs, only when the fait 
of which it forms a conflituent part naturally 
exifts with excefs of acid, fuch as alum and 
fulphat of iron. The other combinations of 
this acid, and in which it is fully neutralized, 
are fu'phats of foda, lime, and magnefia. It 
has only been found united with potafh when 
they both form conftituents of alum. 

8. Muriatic Acid has only been found com- 
bined and in complcaft faturation. 1 he muri- 
ats of foda, magnefia, and lime, are very fre- 
quent, the muriats of alumine, iron, manganefe, 
and 4)otafh, arc rarely found, and the latter is 
even doubtful. 


ble in water by means of alkali, it was rationally 
conje£lured tnat this, together with the great 
heat ta which the water is expofed, caufed the 
folution. 'File fame earth has however been 
fince detefleil by Dr. Gibbs, in Bath water, 
which is not alkaline. 

18. Iron is a frequent ingredient in minersil 
fprings, in finall quantity, but fufficient to give 
a very rcnfiblc chalybeate tafte and fmell. It 
is generally held in folution by the oarbonic 
acid, and is then always accompanied by ca^r- 
bonat of lime, and often of magnefia ; but fome- 
times it is in the form of fulphat. 

All the clialybeate waters depolit oxyd of 

2 o z , 
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.iron bj expofure to air, fo that die track of 
thefe fprings on the ‘foil is marked by a line of 
reddilh yellow ochre. 

ig. Co^r is pnly found as a fulphat, and in 
die neightourhood of copper pyrites, from the 
decompofition of which it originates. It is 
ftrongly marked by the cupreous tafte. 

ao. Manguneft diflllved in the muriatic acid 
has been found. 

at. Befides thefe ingredients there is often 
found diflblved in water a fmali quantity of a 
black matter, not cryftaliizable, foluble in alco- 
hol, deftru£lible by fire, which gives a black 
tinge to fulphuric acid, and is obvioufly carbo- 
naceous. its quantity is always too fmall for 
minute examination, but it is ufually confidered 
as a kind of hitumen* This appears difierent 
from the foluble part of decayed vegetable 
matter which water fometimes meets wim and 
• holds in folution ; and is equally dillinA from 
the mucilage which is generated in water when 
nearly llagnant, from the growth of confervas 
and other aquatic vegetables. 

Some arrangement of mineral waters has 
been attempted by different writers on the fub- 
jcd# This however is of little importance 
except as relates to their medicinal powers, for 
even among thofe kinds that refemble each 
other the moft, fuch as the carbonated, the 
chalybeate, the fulphurous, &c. the individual 
waters often differ fo much in chemical ana- 


and temaerature. It is ttfeful alfb to mark tbt 
itrata of foil from which it fprings,, the craipuf* 
nefs of the fpring, and whether this is affcdedk 
by a dry or wetieafon, whether any yegetableSf 
fifties, or animalculae are found in it, and whether 
it incrufts the fubftances over wbidi it flows, or 
depofits any fediment. 

The next ftep is the implication tsi tefts of 
difierent kinds, which is of the utmbft import^ 
ance, as by thefe the nature and number of all 
the foreign ingredients (with one or two excep- 
tions) m^ be difcovered^ and even feme opinion 
may be formed of their relative quantity, and 
thefe faAs are die guide by which the future 
analyfis is conduced. Several precautions how- 
ever are . required in the application of tefts to 
avoid deceitful appearances, and the tefts them- 
felves Ihould be prepared with great care, which 
may be die more readily done as very minute 
quantities judicioufly applied will aiifwer every 
purpofe. Moft of the tefts indicate die fub- 
ftances for the dete£lion of which they are uled^ 
by producing a fenfible turbidnefs which gradu- 
ally collefls into a precipitate. There is how- 
ever with all a limit to this power of precipi« 
tation, for when two naturally incompatible 
falts are mixed together in very dilute folution,. 
the decompofition is totally prevented by the 
great bulk of water compared to the faline 
matters. Thus very fmall quantities of fulphat 
of lime and carbonat of foda will' coexift in the 


lyfis as to require to be admitted as feparate 
genera in any methodical arrangement, llie 
diftin£tion or warm and cold fhould however 
be noticed, the former being uniformly above 
the average temperature of the air into which 
they rife. Of thefe there are many in the 
neighbourhood of aAiial volcanoes, or in coun- 
tries obvioufly volcanic, which have the tempe- 
vature of aia** when they burft into day, and 
In ail probability are muen hotter before. Such 
boiling fprings are found in Iceland, in Italy, in 
South America, and in great abundance in 
Kamfchatka. In this country the Bath water is 
the hotteft natural fpring that we poffefs, which 
jrifes -to ii6®. The cooleft ot our thermal 
waters is the Matlock, which is fteadily at tfp 
in the coldeft winters. 

We proceed to the beft mode of examining 
» minerar water, in which fome differences 
exift among the beft chemifts. 

'rhe phyfical properties of the water fliould 
be firft noticed. 

. are the degree of cleamefs or limpi- 

dityArtparkliiig or bubbling when poured into 
» glalSp— the taftc"*»fmell— ^fpecific gravity- 


fame water, and thefe will not be mutually de- 
compofed till the bulk of liquid is reduced by 
evaporation. In like manner minute quantities 
of fulphat of magpefia and muriated lime, or 
of muriated Ihne and fulphat of fbda, may be 
contained in the fame water. 

Another limit to the power of tefts is -where 
the intended decompofition does indeed take 

f )lace, but where the quantity .of liquid is lb 
arge. that the refulting compound,- inftead of 
being precipitated, remains fufpended in the 
water. 

The principal tefts are the following : 

Litmus, 'rhe infufion or tipflure of litmus 
fold in the (hops is a thick liquor of a very dark 
purple, containing a great body of colour. The 
purple of litmus is changed to red by every 
acid, fo that this is the teft ufually applied to 
difeover any excefs of acid in mineral waters* 
It may be ufed either by dipping into the water 
a paper ftained with litmus, or by adding a drop 
of the tin£lure to the water to be examined^ 
and comparing its hue with that of 'an equal 
quantity of the tincture in dtftilled water. In. 
mis latter way the chanjre is produced more 




( 4m y 


WAT 


md die foiw^ ol tlie teft is fo great» been precipitated by boilinc « Acids cbeng; l9i 


Aat the w 6 t of biowing through litmus water* 
diluted fo as to be barely coloured* will very 
feniibiy alter the hue by means of the carbonic 
acid o/ the breath which unites with it. It 
ihould be remembered that paper or mullin 
ftained with litmus fpontaneouilv reddens by 
expofure to air* alfo that the colour is nearly 
deitroyed by long expofure to light* fo that 
when ufed as a tell they fliould be recently 
ftaineii. Litmus is alfo reddened by fulphu* 
retted hydrogen. 

As the acid of mineral waters is generally the 
carbonic* and as this acid* when unebmbined 
with any bafe or hr excefs (in wliich cafe alone 
it acts on litmus as an acid) is expelled by boiL 
ing for a few minutes^ the trial of litmus oefore 
and after ebullition will determine whether ihe 
acid of the water is fixed or volatile. 

Litmus already reddened by an acid will have 
Its purple reilored by an alkali* and thus it nniy 
alfo be ufed as a teft for alkalies* but it is much 
lefs ad^ive in this xefpe£t than other direct alka- 
line tefts.' 

2. Red Cabbage has been found by Mr. Watt* 
to furnifh as delicate a teft for ackls as litmus* and 
to be ftill more fenfible to alkalies. The natural 
colour of an infufion of this plant is blue, which 
is changed to red by acids* and to green by al- 
kalies in very minute quantities. The colour 


yellow the natural red of Brazil wood* and. 
reftore the red when changed by alkalies^ ! 

4. Fillets. The delicate blue of the com*, 
mon feented violet is readily changed to green 
by alkalies* and this aftbrds a delicate teft for' 
thefc fubftances. Syrup, of violets is commonly 
ufed* as it is generally at hand, being ufed in 
medicine* but a tin£lure of tne flower will 
axifwer as well. 

5. Turtneric. This is a very delicate teft 
for alkalies* and on the whole is perhapa 
the beft. The natural colour of turmeric 
cither in watery or fpirituous infuGon is yellow* 
which is changed to a brick or orange red by 
alkalies* cauftic or carboxuded* but no. by car- 
bonated alkaline earths* on which account it ia 
preferable to Brazil wood. The pure eatths* fuch 
as lime or bary tic water* produce thefame change^ 
but thefe are never found in mineral waters.. 

6. Rhubarb. InfuGon or tinAure of rhubarb 
undergoes a fimilar change with turmeric* and 
is equally delicate. 

7. Sttlphuric Acid. A c)rop or two of con- 
centrated fulphuric acid added to water that con- 
tains carbonic acid* free or in combination* caufet 
the latter to efcape with a pretty brifk efFervef- 
cence* whereby the prefence of this gafleous 
acid may be detcfled. 

8. Nitric and Osymuriatii Acid. A peculiar 
ufe attends the employment of thefe acids ia 


ie ext«aed fimply by the frelh leaves ^ the^fuTphu^u^k* 

of the plant in warm water of about i2o* for a . k« 

few hlu„. •XT. of Uu. Moww 


'rhe difadvantage of this liquor 
however is that it is peculiarly liable to change 
by putrefaAion* when its properties as a teft 
are loft. To preferve the cabbage for a length 
of time Mr. Watt advifes to mince the leaves* 
(pread tliem on paper, and dry them with a 
gentle heat, and then put them in clofely corked 
bottles. When to be ufed, digeft fome of the 
leaves in a very dilute vitriolic acid which will 
give a red liquor } bring this to exad neutrali- 
zation by chalk, fo that the colour is a pure 
blue inclining neither to green nor purple* and 
then pour off the clear liquor and employ it. 
By adding a little alcohol it will keep good for 
fome clays. 

3. Brazil Wood. When chips of this wood 
are infufed in warm water they yield a red 
liquor which readily turns blue oy alkalies* 

^ yv* i: j T.. S- ‘ 


natural form, theory of this operation hais 

been fully explained under the article Sulphuret.; 

9. (J^nlic acid and Onalat oj^ Ammonia. Ox- 
alic acid is the. moft delicate teft for lime that' 
we are acquainted with* as it deconij^ofes all the 
foluble calcareous falls* and precipitates with 
the lime as an infoluble oxaLit. 1 his precipi- 
tate when colle£led and dried* and Urongly 
heated* blackens and melts* and the acid burning 
off* the lime is left white and carbonated. Ox- 
alat of lime* though nearly infoluble in vrater* 
diilblves without difiiculty in a moderate quan- 
tity of its own or any other acid* and hence in 
analyGs oxalat of ammonia is often preferred, 
as no excefs of this fait can rediffolve me preci- 
pitated axalat of lime. On the other hand the 
ammonia (hould not exceed* otlierwiib itm^ht 
either cauftic or carbonated It is alfo blued, give a falfe indication.. ^ . 

by the carbonated earths held in folution by \ 10. Gallic Acid and TinSluri Galls. 
carbonic acid* fo that it is not an unequivocal well known teft of iron is Mcdliarly ufipfnl i^ 
left of alkalies till the earthy carbonats have the examination of mineral waterSi as^^ 

« Jfkfl. Tffsak VsL Uzfflh 
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almoft the only metal ever met with. Where 
ehe iron is in very minute auantity, and the 
w^ter fomewhat acidulous, this teu does not 
always -produce a precipitate but only a flight 
reddening ! but its a£lion is much aiSfted by 

} >revioufly adding a few drops of any alkaline 
blution. The pure gallic acid, or the tindure, 
•or the infuGon of galls, a£l nearly equally well. 
Sometimes minute quantities of iron are well 
^ete^led by fufpendtng in the water a piece of 
the gall»nut for feme hours. 

1 1 . Pruffiat cf Pota/b and Litnem The pre- 
fence of iron in waters is equally well indicated 
by thefe prufRats, and if the prufliat of potaih 
is properly prepared, it will only be precipitated 
by a metallic fait, fo that manganefe and copper 
when prefent will alfo be detefted, the former 
giving a white, and the latter a red precipitate. 

12. Lime IVater. This is the common teft 
for carbonic acid, as it produces a cloudinefs 
and precipitate with water that contains any of 
this acid in whatever (late of combination. It 
is however ambiguous, as it decompofes ait the 
magnoGan falts, and the magneGa which is thus 
feparated being abfolutely infoluble in water 
falls down as a white precipitate. The alumi- 
nous falts are decompofed in the fame manner. 
Lime-water alfo produces a cloudinefs with 
moft of the fulphats, owing to the formation of 
felenitc. 

13. Ammonia. This alkali, when pcrfeflly 
caullic, ferves as a di(lin£lion between the 
falts of lime and tliofe of magncGa, as it preci- 
pitates the earth from the latter clafs but not 
froi^i the former. There are however two 
fources of error in the ufe of this alkali for this 
purpofe, one is where carbonic acid is contained 
in the water,- either free or united with mag- 
iieGa, in which cafe the ammonia becomes 
partially carbonated, and then alfo decompofes 
the folutions of lime. The other is where any 
fait of alumine is contained, as ammonia will 
decompofe thefe as well as the magnefian falts. 
The former fource of error may be obviated by 
adding a few drops of nitric or muriatic acid 
to the water, and boiling it for a lliort time, by 
which the carbonic acid will be got rid of, and 
the earths will remain in folution. Then to 
didinguidi and feparate magncGa from alumine, 
rcdiiTolve both in muriatic acid, precipitate the 
folution by carbonated alkali, and then tranf- 
fer the precipitate into cold acetous acid, by 
whilh the carbonated magncGa will be diredlly 
diflblved, and the alumine left. 

14- Carbonated Alhaties. Thefe are fo far 
^ iifeful teds that they precipitate all the eanrdie 


from their folutions. This is mucli haftened 
boiling for a few minutes. Where carbonat of 
potafh is ufed particufar care fhould be takea 
of its purity as it generally contains Glex. 

15. Muriated Alumine. This tell is propofed 
by Mr. Klrwan as indicative of carbonated 
magnefia in waters, and which cannot, like 
carbonated lime, be totally feparated by 
ebullition, but remains till the whole K<juid is 
evaporated. By adding muriated alumine to 
the boiled water a precipitate of carbonated 
'alumine is found, if carbonated magneGa is 
prefent^ but in no other cafe, unlefs there be 
an excefs of alkali, which may eafily be neu- 
tralized. 

I(S. Barytie Salts. The nitrat, muriat, and 
acetite of barytes are all equally good tefts of 
fulphuric acid in any combination, 'fhe power 
of this precipitant is greater than that of any 
other, except perhaps the falts of Giver for mu- 
riatic acid. In applying the barytie falts the 
only care required is to neutralize any excefs 
of alkali that there may be, with any acid but 
the fulphuric; and if tnc fulphureous acid be 
fufpc&ed, which is very rare, to free the water 
from it. The nitrat or acetite of barytes are 
fometimes preferable to the muriat, inafmuch 
as they introduce into the water to be examined 
no acid of a kind Gmilar to any already con- 
tained. If any excefs of alkali has caufed a 
mixture of carbonat with fulphat of barytes, 
they may be readily feparated by digeiUon 
with moderately dilute nitric or muriatic acid, 
which will dilTolvc the carbonat and leave the 
fulphat. 

17. Salts of Silver. The falts of Giver are 
the mod delicate teds for muriatic acid in any 
combination, producing the precipitated muriat 
of Giver or luna cornea, the compoGtion of 
which is condant, and has been mentioned 
under Giver. Any excefs of alkali in the water 
diould be previoudy faturated by pure nitric 
acid. The nitrat of Giver is the fait commonly 
ufed as a ted, but this as well as the acetite 
will alfo decompofe the alkaline and earthy 
foluble falts with fulphuric acid, and a fulphat 
of Giver will be formed, which it is not eafy to 
didinguifli by the eye from the muriat. This 
may be prevented either by previoufly getting 
^rid of all fulphuric acid in the water by means 
of nitrat or acetite of barj'tes, after whicfi all the 
precipitate of Giver will be luna cornea ; or elfe 
by employing a folution of fulphat of Giver, 
which will then only a£l on the muriats. It 
(hould be obferved Iiowever that nitrat of Giver 
is a much more powerful precipitant of the 
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jnuriats than of the fulphats, fq that if in any 
water where a barytic Iblution gives but a faint 
indication of fulphuric acidj an immediate pre* 
cipitate is'^produced by nitrat of filver, we may 
be certain that it is the muriat of dlver^ and 
not the fulphat which falls down. 

Acetite of filver has a particular ufe in de- 
compofing the fixed alkaKne muriats>. aa we are 
enabled thereby to diftinguifii the alkali more 
ealily in the fupernatant liquor;, for by evapo-» 
rating the latter to drynefs, tedillblving the re-^ 
maining fait in alcohol, and gently evaporating 
the alcoholic folution to drynitfs, if it be acetite 
of potafh, it will deliquesce, but if acetite of 
foda it will remain dry and efflorefee. 

All the faits of filver alfo give a black or dark 
brown precipitate with the fulpburetted waters, 
which is as delicate a teft of fulphuretted hy- 
drogen as any that we pofiefs. 

1 8. Salts of Lead. I'he nitrat and acetite of 
lead are the fairs of this metal employed as 
tefts. They will indicate the fulphuric, muri- 
atic, and boracic acids, and fulphuretted hydro- 
gen or fulphuretted alkali. 'The water oeing 
lirft freed from any excefs of alkali by fatura- 
tion with nitric acid, the addition of cither of 
thefe faits of lead will dccompofe, and form a 
white precipitate with the acid of all the con- 
tained fulphats or muriats. But as fulphat of 
lead cannot by the eye be diilinguiihcd from 
the muriat, the precipitate (hould be dtgefted 
in acetous or very dilute nitric acid or merely 
boiled in a good deal of diftillcd water, by any of 
which means the muriat w'ill be diilblved, but 
the fulphat will be untouched. In thefe preci- 
pitates the acetite of lead is a more fenfible teft 
than the nitrat, but as the former when long 
kept will be partly decomppfed by pure water, 
it ihould be alTayed with water, and a little more 
acetous acid added if necelTtry. 

Acetited lead is alfo decompofed by the car- 
bonated earths and iron, fo that the water fliould 
be boiled before this tell is applied. This fait 
alfo produces an infoluble borat of lead when 
boracic acid is prcfcnt in the water, which 
takes place in one or two rare iiiftances. The 
borat of lead is d«ftinguiflied from the fulphat 
of this metal by being foluble in nitric acid of 
1.3. fp. gr^ and from the muriat by being info- 
luble in water, or in weaker acids. But where 
boracic acid is fufpefted, a r. lUrw^n mdvifes 
firil to feparate the fulphuric acid (if any) by 
acetited ftrontiafi, and tbs muriatic acid by ace- 
tited filver, neither of ^efe acetices being decom- 
pofed ^y pure boracic acid. 

Acetite of lead ii alfo a very delicate teik fo? 


die fulphurets, which it Ihews by turning tb or 
deep brown or black. It is often applied by 
tracing chambers on paper with acetite or 
lead, and immerfing it in the fulphuretted water*^ 

19W Soap. A folution of foap in diftilled 
water, or in alcohol, is curdled by water con« 
taining any earthy fait. It is thercfoie a tell of 
fome ufe but not diferiminative. The metallic* 
faits produce the fame efFefl, but the curd ie 
then coloured. 

ao. Tartareous Acid. This acid is of ufe iff 
Aftinguifliing the faits with potafh (with which 
it forms a precipitate of cream of tartar) front 
thofe of foda which it does not precipitate. It 
is necefiary however that the folution of fait 
with the balls of potalh (the fulphat or muriat 
for example) be much llronger than occurs 
any mineral water in its natural Hate, fo that it 
mud be concentrated by evaporation. 

21. Niiro^ Muriat y Piatina. This fait ie 
Hill more diferiminative between potafli and 
the other alkalies than acid of tartar, and will 
produce a precipitate with a very weak folution 
of any fait with potalh. It has not yet been 
much employed, but may often be of ufe; 

22. Alcohol. This moll ufeful reagent is 
applicable in a variety of ways in the analylis of 
mineral waters. As it dilTolves fome of the 
fubdances found in mineral waters, and leaves 
others untouched, it is a means of feparating 
them into two dalles, which faves conndcrable 
trouble in the further invedigation:. Thofe faits 
which it does not d'llTolve, it precipitates from 
their watery folution, but more or lefs com* 
pletely according to the fait contained, and the 
drength of the alcohol, and, as a precipitant, is 
alfo allids in many decompofitions. 'I he great 
utility of alcohol to the a' alytical chemid hae' 
been already deferibed under that article, and 

V will be further mentioned in this. 

The above are the principal teds or reagents 
employed. Several others might be enumerated 
which will eafi'y fugged tnemfelves to the 
praftical chemid, and the theory of thefe re* 
fpeflive operations will be better underdood by 
confulting the articles themfelves, to which we 
lhall refer the reader to avoid repetition. 

Before we deferibe the mode of analylis we 
may Ihortly recapitulate thofe foreign fubdances 
contained in mineral waters, for which theie 
exids any appropriate tejl or chemical reagent 
by which its nature may be readily detcAed, 
and which therefore is to dire£l the operator 
in his further analylis. Where the precaution 
to be ufed in applying them has been meationeit^ 
we {ball not repeat it. 
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0$cygen Gaf^Atmofpherte Air. The prefence 
cf oxygen in water may be deteAed, according to 
ScheelC} by filling a phial brimfull with it^ 
dropping in a piece of newly cryftalHzed ful- 
phat of iron, and corking the bottle clofe. In a 
little time ^e fait will be diffolved, and in a 
few hours an ochery precipitate will be per* 
ceived, owing to the abforption of oxygen by 
the oxyd of iron of the fait, which tlien becomes 
infoluble. 

Carbonic Acid. 

(TeftJ. Lime or firontian water— -Litmus 
when in exccfs — Sulphuric acid — boiling. 

Sulphuretted Hydrogen. 

(Teftj. Nitric and oxymuriatic acids — Salts 
of lead and filver. A few globules of clean 
mercury allowed to remain for feveral hours in 
t;onta£fc with tlie water, clofely corked, will 
deted very minute quantities of it by being 
blackened at the furface. Silver leaf wid 
anfwer as well. 

Sulphureous Acid. 

(Teftj. Mr. Kirwan gives as the only deci- 
five teil of this acid gas being held in folution 
in water, that when mixed with a tinflurc of 
rofes reddened by an acid it renders this tinc- 
ture colourlefs. This acid is alfo known by 
the fmelL If perfectly pure it ought not to 
precipitate muriated barytes nor nitrated mer- 
cury, but it always does, which perhaps is owing 
to an infcparable admixture of I'ulphuric acid. 

Mineral Acids uncombimd. 

(Tefij. Reddeiiiiig litmus after the water has 
been boiled. 

Bo'acic Acidm 

fTeft). Acetite of lead. 

Carbonated Alkalies. 

(Tcft). T urmeric — Rhubarb — Violets. If 
die change of colour does not take place after 
ebullition for feveral minutes, it (hews that the 
alkali was ammonia. 

Ammonia. 

(Teft ). The prefence of this a’kali is partly 
difiinguifhed in the way mentioned above, but 
more certainly by boiling a pretty large quan- 
tity of the water in a retort, carefully collciling 
the fil’d ounce or two that diitills, and moilt- 
ening with this portion a piece of well-burnt 
lime, by which the ammoniacal fine] I w'il] be 
diflio£lly perceived. Tlie obje£l of this difiil- 
lation is to concentrate in a fmall compafs all 
the ammonia of a larger quantity of liquid, 
wl^h .might be too dilute to indicate this alkali 
witKjsut this method. 

Carbonats of IJme and Magn^a. 

rrecijpitated by ebullition, the for* 


mer totally, the latter partially. After boilings 
the magneiian carbonat remaining is indicated 
by muriat of alumine. 

Jhe Acid of the Sulphate. 

( Tefts). Salts of barytes and lead. — All the 
fulphats. are alfo infolqbie in alcohol, and pre* 
cipitable by it from their watery foiutions. 

Sut lUlphat of lime exceeds ail the others in 
the eafe with which it is thus precipitated. 

The Acid of the Muriuts. 

(Tell). Salts of bilrer. — Alcohol unlefs very 
highly reftified dillblves a fmall quantity of mu- 
riat of foda, and docs not precipitate the muriate 
with the eafe with which it feparates the fulphats. 

Neutral Sails of Potifb as di/linguijhed from 
ihjfe of Soda. 

(Tefts). Tartareous acid — Nitro-muriat of 
Platina — Acetited barytes with the fulphats ^ 
and cetited filver with die muriats. 

The Earth of the Calcar ejut Salts. 

( reft). Oxalic acid or oxaiat of ammonia.— 
Pure ammonia mt precipitating it. Sulphuric 
acid, or better the alkaline fulphats, alio uccom* 
pofes the muriat of lime, and the rcfulting fcle- 
nite is precipitated. This may be haftened by 
alcohol. 

The earth of the Magnejian Salts. 

(Tefts). Pure ammonia — Lime-water. 

The Earth of the Aluminous Salts. 

(Teft). Pure ammonia — ^Lime-watef. 

Silen. 

rreft). This is chiefly fufpefted by its re- 
fudng to diflblvc in any acid after the water has 
been once evaporated to drynefs. It may be more 
certainly afeertained by melting it before the 
blow-pipe with three or four parts of dry car- 
bonat of (bda into a clear globule, which then 
will diflblve in water. Some of the waters that 
contain filex will gelatinise when evaporated al- 
moft to drynefs, after wliich ilie filex will not 
rediflblvc by reftoring the w'atcr which has been 
loft. This agrees with the known properties of 
filex in the analyfis of minerals. 

Salts of Iron. 

(Tefts^. Ga k — Pruffiat of potafti or lime. 
Tlie carbonat of iron U precipitated totally by 
boiling. 

Salts of Copper. 

(Tefts). Prulliat of potafli— Ammonia— Me- 
tallic iron. 

Manganefe. 

(Teft). » he brown colour of Its oxyd, and 
its folubility in carbonat of potafh. 

Carbonaceous Matter. 

(Teft). DifToIves in concentrated fiilphurio 
acid, giving it a clear brown colour^ 
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Procefi of Attains* 

V'he firft ftep in the examination of a mine<- 
-ral water, after the fpecific gravity, tafte, fmell, 
aiid phyfical properties have been noted, is to 
-endeavour to form as accurate a notion as pof- 
:lible of the nature of its contents by the appli- 
cation of the feveral tells which have juft been 
^fcribed. It is never necellary to apply all 
that have been enumerated, as many of the fub- 
ftances which they indicate are incompatible 
with others. 

When this done the procefs of analyfis may 
-be begun, but it may be remarked that the 
.mode muft vary confiderably according to the 
indication given by .the tefts, nor is it eafy to give 
in a moderate compafs the management to be 
purfued in every polTible cafe. In fa£l a per- 
.fon ihould already be a fkilful chemift, familiar 
with the praflice of chemical operations, with 
the reljpedlive affinities of fubftances, and with 
their diftindlive charadlers, and habitudes, be- 
fore he undertakes any analyfis. 

For the defeription of thcle procefles we muft 
refer our readers to the refpedlive articles, as it 
would be an ufelefs repetition to give in this 
place any more than a general outline of them. 

To determine the gafeous contents. 

When any gafles are indicated by the proper 
tefts, it is ufual to begin by determining their 
nature and quantity. 

If carbonic acid without any fulphuretted hy- 
drogen be prefent, fill a narrow necked retort 
with the water taken at the fpring head (having 
prevsoufly found the capacity of the neck of the 
vcflel, which muft of courfe be left empty) 
dip the beak under a graduated jar filled with 
mercury, and bring the water to ebullition. At 
this temperature all the carbonic acid (or nearly 
fo) is difengaged, and colledls in the mercury 
jar. When no more air-bubbles are given out 
(which muft be diftinguifhed from the mere 
motion of ebullition) remove the retort. The 
air Handing above the. mercury will tlien con fill 
of the carbonic acid, together with any oxygen 
or azot , that may be contained in the water, 
a.nd all the atmospheric air that was contained 
in the neck of the retort, which laft has been 
difplaced and expelled by the hot aqueous va- 
pour ill its paiTage througn. Thefe may be fe- 

J iarated^ either by lime-water, or by cauftic or 
emicauftic alkali, fuch as common pearlalh, 
which abforb-the carbonic acid only, and con- 
fequently indicate its quantity in the portion "of 
water that was employed. 

, After this, the refidue may be examined to 
lind'the relative quantities of oxygen and azot 
▼OL. MU 


in die methods already deferibed under the ar- 
ticle Eudiometer^ and if more of either appears 
than will be accounted for by the air in the' 
neck of the retort, this excefs will belong to the 
water under examination. The corredlions and 
recautions requifite in the eilimation of the 
ulk and weight of airs, relative to temperature 
and prefiure, fliould be carefully remembered, 
and will be found under die article Gas. 

In expelling air from water by ebullition as 
little fpace as pofiible (hould remain in the neck 
and condudling tube of the apparatus, on which 
account a glafs globe, with a fliort and mode- 
rately wide neck, and a bent tube fitted thereto 
is preferable to a retort, for the neck of the lat- 
ter is purpofely made wide and roomy, this 
being an advantage in common diftillation. A 
little water muft of courfe diftill over during the 
boiling, which will rife through. the mercury 
along with the gas, but this will not materially 
interfere with the accuracy of the experiment. 

As a mercurial pneumatic apparatus is not 
always at hand, the gas may be received 
through water, and the abforption of the gas 
by this fluid may be in a great degree prevented 
by employing it very hot, for at a high tempe- 
rature water will hardly abforb fixed air. This 
however is not quite fo accurate as with the 
mercurial apparatus. 

Some chemifts have endeavoured to eftimate 
the quantity of carbonic acid without any ebul- 
lition and expulfion of the gas, fimply by adding 
lime-water to the mineral-water frem from the 
fpring, and colle£ting, drying and weighing the 
carbonat of lime thus produced. But this me- 
thod is extremely fallacious in moil cafes, for 
the lime-water will alfo precipitate all the car- 
bonat of lime' held in folution hy the carbonic 
acid, and the carbonat of magnefia, and befides 
will decompofe the other magnefian fiilts, and 
caufe their earth to precipitate. So that this 
method is inadmiffible in by far the greater 
number of a£lual cafes, and can only apply 
where the water contains no other ingredients, 
than carbonic acid, and falts with the bafes of 
lime or alkali. 

Where tlie water contains^ . fulphurous acid 
gas witlror without carbonic acid, Mr. Kirwan 
recommends to expel both by ebullition in the 
ufual way, receiving them over mercury; to add 
felution of pcarl-afii to abforb both, then gently 
evaporate the alkaline folution nearly to 
drynefs, amt to expofe it for fome days to the 
air, by which the fulphite of potafti obtained 
by union of the fulphurous acid with the alkali 
will be converted into fulphat. This being ob- 
3 P 
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teiilied fmalnitet the quantitjr ef-Ailphurous acid the ezceft of oxymuriatic wid will he abfof^j 
•may'be ibundseftimatingthat ido gndnsof ful- and only the, carbonic acid and azotwill re* 
phat of potalh contain 45 of fuiphuric acid» main, in this procef# the oxymuHadc acid gas 
equal to 15 of fulphur9 equal to 30 grs. or flioujd be quite pure^ fuch as is <^tain^ from 
42.72 cubic inches of fulphurous acid gas. oxymuriat of potalh and muriatic acid^ and 
Inftead of obtaining the fulphat of potalh fe- equal in bulk to the oth^r gaSj but the required 
parate9 which it is mflficult to do exadly, the purity of this gas is certainly an objediion. 

, alkaline folution, after the fulphite has become The mere quantity of fulphuretted hydrogen 
fulphat, may be faturated with muriatic acid, 

'and the quantity of fuiphuric acid then elli* 
rnated by muriat of baijtes. 

'Die accurate eftimation of fulphuretted hy- 
drogen is very difficult, particularly when mixed 
with carbonic acid gas. The fulphuretted hy- 
drogen may indeed be expelled aimoft entirely 
by boiling, but when received over mercury it 
is partly ciccompofed by this metal, and when 
by water it is partly abforbed by it, though this 
laft inconvenience is in a good meafure pre- 
vented by warming the water. 

There are two ways of eftimating it. One 
of them is the following : boil the water and 
receive the gaffes over mercury ill the ufual 
way'. Thefe may confift of carbonic acid, ful- 
phuretted hydrogen and azot, but not oxygen, 
this being incompatible with furphuretted hy- 
drogen. It is neceflary in order to obtain the 
' Carbonic acid pure that the fulphuretted hydro- 
gen be firft feparated, for the alkalies and the 
alkaline earths abforb both. For this, Mr. 

Kirwan advifes, firft to difplace any mercury 
remaining in the jar by dipping it a little way 
in hot water, whereby the mercury will fajj 
down and the water take its place. Then dip 
Ihe jar into a fmall vefiel full of moderately 
ilrong nitrous acid, by which the acid will mix 
with the water and come in contact with the 

S ^fTes, and' abforb very fpeedily or decompofe 
e fulphuret, and leave the carbonic acid and 
asot, which laft may afterwards be feparated 
by an alkali. 

But as all the fulphuretted hydrogen cannot 
be expelled undecompofed from the water, the 
above niethod is quite accurate only for the 
other galles. Mr.'^ Henry fuggefts as an im- 
provement to the above method, inftead of ufing 
qitrous acid, to throw up oxymuriatic acid 
gas to the mixed gafles ftanding over water, till 
the jar is fified, clofing the jar with a ground 
ftopper, and aliorwing the mixture to remain 
for twenty-four hours. Then on opening the ' 
jar under lirater, a quantity of this ioia^ will 
ruih ifi to fill the vacimm produced by the de- ' 
compK^ion of the fulphuretted hydrogen, and 
ftahdjbi^ about half an hour without agitation, ' 

ou Mineral Waters, p* 
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fttfti Up die inouth of the bottle and blow out 
refidUarjr air. If the hepatic fmell continues 
in the watery repeat the aCddition of nitrous air 
as above till the unell is deftroyed. Then add 
a few drops o( nitrous acid to prevent the pre- 
cipitation of the earths, heat the water to 150* 
for an hour and fiber it. The excefs of weight 
which the dried filter will gain over its original 
weight will indicate the weight of fulphur fet 
free by this procefs, from which the quantity 
of fulphuretted hydrogen may be eilimatedy 
sdlowine 3*33 cubic inches of me gas for every 
grain of mlphur* 

But under the article fulphuretted hydrogen 
we have fiiewn the great diverfity in the efti- 
mation of its compofition by two very able 
chemifts $ a diverfity which perhaps may arife 
. from fome error in the mode of computationy 
or with equal probability may depend on a real 
variation in the proportion of the conftituents 
of this gas according to the mode in which it is 
procured or other circumfiances. Hence we 
can have but little reafon to trufl; implicitly in 
the mode of eftimating quantities of fulphuretted 
hydrogen by the a£tual weight of fulphur pro- 
duced, efpecially in fuch dilute folutions of this 
gas as the native fulphureous waters are, of 
which fome of the ftrongeft, fuch as that of 
Harrogate, contain no more than about of 
their bulk. 

Eflimattm of the Earthy and Metallic CarhonaU* 

Tliefe when they occur (hould next be ex- 
amined. They are, carbonat 'of magnefia, of 
lime, of iron, and fometimes of alumipe. Of 
thefe the three latter are totally precipitable by 
ebullition for a quarter of an hour, but the for- 
mer only partially, and is not totally feparated 
till the water is evaporated to a very fmall bulk. 
A given quantity therefore of the water (which , 
may be the portion from which the gafies have 
been feparated by ebullition) (hould fir ft be 
boiled for a quarter of an hour, and after ftanding 
for a time the earthy fediment may be collefted, 
edulcorated and dried. Then add dilute cold 
muriatic acid, which can redifiblve only lime, 
magnefia, and oxyd of iron, and leave tne alu- 
mine. Add cauftic ammonia by drops to the 
folution, which will feparate firft the oxyd of 
iron coloured, and then the magnefia nearly 
white, whilft the lime will remain. If no mag- 
nefia is detededy nothing further is neceflary 
foaa* to afeertain the aAiial quantities of the 
carbonats of lime, iron and alumine, the latter 
fcleing left undiflblved by ^e muriatic acid, 
and, of the two forxder, thb iron alone being 
precipiuted by ammonia \ and thus each 


fubftance is obtained feparate, and may 
brought to their original ftate of carbonat by 
fubfequent procefles which will eafily fuggeft 
themfelves. But if the fediment depofited by 
boiling the water contains any carbonafof mag- 
nefia, it is a proof that fome of the fame earthy 
fait remains in folution, which may alfo be 
further confirmed by the boiled water giving a 
precipitate with muriated alumine. In mis cafe 
a confiderable quantity of the water fliould be 
boiled down uninterruptedly to the bulk of a 
few ounces and allowed to cool. Then coUefk 
the entire fedinient, edulcorate it and dry it. It 
now contains all the earthy and metallic car- 
bonats, but is perhaps mixed with fome felenitcf, 
which is depofited towards the end of tihe eva- 
poration. Cold dilute muriatic acid will then 
redifiblve the carbonats of lime, magnefia, and 
iron, and leave the felenite as well as the alu- 
mine. The muriatic folution then contains all 
and only the lime, magnefia, and oxyd of iron 
which exifted in the water in the ftate of cat-* 
bonat, thefe Mr. Kirwan propofes to feparate 
in the following way. Add ammonia to* the 
folution to feparate the magnefia and iron and 
leave the lime. Redifiblve the magnefia and 
iron in muriatic acid, and precipitate both by 
carbonat of foda, and expofe the precipitate 
while moift to the air for a few days. Diftilled 
vinegar applied without heat will then redifiblve 
only the carbonat of magnefia and leave the 
iron. The reafon of this fecond folution of the 
magnefia and iron is in order to carbonate the 
magnefia by precipitation with a carbonated 
alkali, for when this earth is pure it is not eafily 
foluble in acids, and it is by the eafy folubility 
of its carbonat that it is to be feparated from 
the oxyd of iron in this inftance. 

The above method of feparating the earths 
and iron is inaccurate, inafmuch as it is fully 
afeertained that ammonia will never feparate 
the whole of the magnefia from its acid folu- 
tions, and therefore though it is extremely ufe- 
ful as a teft to afiay any liquor for magnefia, it 
cannor be depended on to give the a£lual quan- 
tity of this earth. The difficulties and the bed 
methods^at prefent known of feparating lime ^ 
and magnefia, are mentioned under the articles 
Sulpbat (p. ^89), Munat (p. I.‘3), and X/iffif, 
(p. 41). 'Iney are, either by converting both 
into fulphats and calcining the mixture, ' which 
will render the fulphat of magnefia alone foluble 
in cold water I or by converting them into mu- 
riate and heating them nearly to redhefs, by 
which the muriatic acid is driven Off from the 
magnefia alone (whereby it is rendered infolm^ 
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l>lc in water) and not from the lime. In either the faUne and other eontenta^ it has long beeai 
cafe however the prefence of iron would prove found ixnpradiicable even by the moil (kilfui 
cmbarralling, and in the][latter much of it would operators, perfe^ly to feparate any two falts ia 
be volatilized widi the muriatic acid, and diere« this manner* This is caufed partly by the in»- 
fore we Ihould advife, firll to feparate it from crealed folubility which two ults give to each 
the muriatic folution by prullic acid or fuccinat other when held in fblutipn in the lame liquid i 
of ammonia, then to throw down the earths by partly by the change in the natural form of 
carbonat of Ibda, to edulcorate, and rediflblve cryftals which is lometimes produced i and 
them either in fulphuric or muriatic acid, ac- partly by the extreme difficulty of picking out 
cording to the method of feparation adopted, cryftals which grow more and more minute in 
On the whole we fhould prefer the fulphuric proportion as the bulk of the folution is lelTcned 
aciii. by the repeated abftra£^ion of its contents*. 

EJllmation of the remaining &uhfances. • The great difficulty too in retaining exafriy the 

Wc have now feparated from the water, and fame proportion of water of cryftallization is 
cftimatcHl all the gaffes and all the earths and another obje^^ion to this mode, though this 
oxyd of iron held in folution by carbonic acid, might be remedied by expofing the fait, when 
The water therefore now can only contain fixed obtained, to fuch a degree of heat as will pro- 
falts, with alkaline, earthy, or metallic bafes, duce an uniform deficcation. The beft analyfts 
filex, and extra£live or carbonaceous matter, therefore have nearly abandoned the attempt at 
If the prefence of carbonat of magnefia has eftimating a£lual quantities of faline ingredU 
made it neceffiry to evaporate nearly to drynefs, ents (where accuracy is required) by cryftals* 
and if any fuiphat of lime has precipitated,, it lization, except where no other mode can well 
fhould be added to the remaining water after be adopted, as is the cafe wirii the nitrous falts. 
the magnefian. carbonat has been abllracled. The method commonly preferred is to decomm- 
it fhould be premifed that if the tefts indi- .pofe thefe falts in fuch a- manner as to produce 
cated any ammonia in the water, it fhould firft an infoluble precipitate with one or other of 
be feparated by diftillation in the way already their ingredients, and from the weight of this 
mentioited. to eftimate (from previoully known data) the 

The further operations to be performed upon quantity of the decomppfed fait. The falts 
the water muft be regulated in a good meafure with alkaline bafes are eftimated by the preci- 
by the contents pointed out by the different re- pitate which their acids form with earthy or 
agents. If, for example, no earthy fait now metallic bafes ; the fulphats, for example, are 
remains, but both fulphuric and muriatic acid analyfed by falts of bafytes or lead ; the muriats, 
arc indicated, and at the fame time no excels by falts. of filver ; the borats, by lead, &:c. The 
of acid or alkali, exifts, we may conclude that lalts with earthy bafes are eftimated by fepa— 
all the remaining faline ingredients are fulphat ratings cither their earth (generally by a car-^ 
and muriat of foda (potafh being extremely rare) bonated alkali) or their acid, and where it 
and it then becomes a queftion which is the beft can be doue k is. more fatisfaflory to employ 
mode of eftimating their refpe£llve quantities, both. 

If at the fame time an excefs of alkali exifts. Another procefs is ufed to afeertain quantities 
w'e may conclude that together with thefe falts of unneutralized acid or alkali exifting in any 
carbonat of foda is^ contained* water, as of foda for example, or rather its 

The way of afeertaining the fixed falts of any carbonat, which is a frequent ingredient in 
mineral water, which till lately has been the many hot mineral waters. This was firft ufed 
moft frequent, is that recommended by Berg- we believe, by Dr. Black, in his analylis of thc' 
man, and which indeed would firft fuggeft Iceland hot waters,.^ and> it confifts in exactly 
itfelf, namely, to evaporate the liquor till the faturating the alkali with a portion of any acid 
lead foluble fait began to cryftallize, and then (or nxict verfa^ the acid with an alkali) whofe 
by a judicious alternation of gradual warmth, ftrength has previoi^fty beeiv determined by 
and of coo i i^, to endeavour to obtain the dit trials upon known qiij^tities. of the fame acid 
tinft cryftals of each fait to the laft drop of the or alkali. ^ Thus in the above example a very 
folution. dilute vitriolic acid was ufed, whofe power of 

Bq^hough evaporation and cryftallization are faturating foda had been, previoufly tried, and 
extrei^ly ufeful and indeed almoft indifpenfible the delicate tefts of litmus and violet were eniK 
io iatisfy the chemift as to the real nature of ployed to hit the psecife point of faturatioa*. 

* Ediab. Traii£id. Val. iii. 
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We (hall add in the appendix a table of a 
few of the mod important correfponding quan<« 
titles of precipitates with falts which are the 
mod frequently ufed in analyfls. 

To proceed wiA the examination of the de- 
aerated water freed from the earthy carbonats. 

Evaporate a given quantity (which with mod 
waters ihould not be lefs than about a gallon) 
with a heat which, to fave time, may be that of 
boiling till towards the end, when a more gentle 
heat mud be ufed to avoid decompohng or 
volatilizing any part of the ingredients. The 
evaporation may be. carried on in almod any 
clean veflel, efpecially where no excefs of acid 
cxids in the water, but when only a few ounces 
are left, it Ihould be transferred to a glafs or 
filver difli, with every thing that may have 
fubfided in the boiling, and brought by a flow 
fire to perfedl drynel's. The further manage- 
ment of this refidue depends on the nature of 
its contents. If previous experiments have 
fhewn that no earthy or metallic filt cxids in 
the boiled water, it will be fulTlcicnt to re-dif- 
folve it in a little warm difli lied water, by 
which any (ilex that may be contained will be . 
left behind ; and the latter may *be dill further 
Icnown by its infolubility in muriatic acid, and 
by fulion with foda. 

The aqueous folution can then contain only 
any acid or alkali which may exiit in excefs, 
and any neutral falts with alkaline bafes. Then 
faturate an aliquot part of the folution and afTay 
k with tartareous acid, which in this concen- 
trated dace, will precipitate cream of tartar if 
potafli exids^ If none is found (which is by 
far the mod common) the alkali mud then be 
foda, and the nature of the acids being alfo 
found, the refpe£live quantities of the neutral 
falts may cafily be inferred in the way above 
mentioned. Tnus if the water indicate fulphu- 
ric' and muriatic acid, and an excefs of foda 
(which is the cafe with the Carlsbad water, 
analyfcd by Klaproth) the alkali is fird to be fatu- 
tated with fulphuric acid of* a known drength, 
and the whole fulphat deepmpofed by acetite 
of barytes. Then, calculate the equivalent quan- 
tity or fulphat of' foda to the fulphat of barytes 
obtained^ fubtra£l that portion of it which is 
formed by the fulphuric acid employed to fatu- 
rate the uncombined foda, the refidue is the 
portion of fulphat of foda natural to the water. 
The muriat of foda is then indicated by nitrat 
of diver, allowing loo parts of luna cornea to 
be equivalent to 428.25 parts of common fait. 

The excefs of fixed acid, where it' exids is 
]ilm6d always the fulphuric^. but it has hitherto 


been only found in company with alum,, or 
other fulphuric falts, that liave a natural excefs 
of acid. If it foould ever be found only 
aflbeiated with alkaline fulnhats or muriats, 
this excefs mny be found by adding barytic 
water merely to faturation, and no further, 
which will then only indicate the excefs of acid. 

But the greater number of mineral waters 
contain fomc earthy fait, the acid of which is 
fixed, fo that it remains in folution after boiling 
and concentration. This acid is hardly ever 
any other than the fulphuric and muriatic, and 
the earth is mod commonly lime or magnefia. 
Therefore on ly four earthy (alts may be expefled 
(not all together indeed, as they would decom- 
pofc each other) namely, fulphat of lime, muriat 
of hine, fulphat of magnefia, and muriat of mag- 
nefia. Of thefe fairs the fulphats are infoluble 
in alcohol, but the muriats arc extremely foluble. 
This therefore affords a very ufeful means of 
feparating fome of them. For this purpofe put 
the entire dry refidue in a phial, pour on it about 
five or fix parts of highly reflified alcohol, and 
let the mixture remain for fome hours with 
frequent agitation. "I'he aieohohe fohirion can 
then contain only muriat of lime and magnefia, 
if the alcohol has been highly re£li(ied ; if not 
it may alfo diffolve a little muriat of foda. The 
method of feparating and edimating' a mixed 
muriat of lime and magnefia, has already been 
mentioned. 'I'he refidue which is not diffolvcd 
by the alcohol may contain the fulphat.s of lime 
and ma nefia, of which the latter fait is cafily 
foluble in water, but the former with great diffi<te 
culty unlefs aflidcd by an acid. The mode of 
feparating thefe has alfo been mentioned. 

With regard to fulphat of lime which is fo 
common an ingredient in waters, it is of ufe to 
know that when it is in folution in as finall a 
bulk of water as poflible, and efpecially when 
aflidcd by an excefs of acid, it may be totally 
precipitated by adding a much fmaller quantity 
of alcohol than will feparatc any other of the 
fulphats, as has been mentioned under the 
VLTiicle^SulfiAnt of Lime. 

Sulphat of iron is now aiid then found in 
mineral waters, though much more rarely than 
might be expedled from the frequency of pyrites 
in mod parts of the earth. When a. water te^ 
mains chalybeate after boiling, wc may pretty 
fafely infer that the iron is united to the ful- 
phuric acid But as fulphat of iron is partly 
decompofed by expofure to air, the refidue, 
after the water has been evaporated to drynefs, 
contains both fulphat of iron and fome uncom- 
binsd oxyd of this metal, and the fulphat is thest 
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partly clianged to the red fulphat, or that in 
which the iron is in its higher ftaic of oxyge- 
n.ition. Ir is not poHibie therefore to procure 
with any accuracy fniail quantities of fulphat 
of iron from any mineral water by evaporation, 
or any other known way, fo that the only me- 
thod feems to b*, to obtain the whole of the 
oxyd of iron feparate from every other ingre- 
dient, to bring it to a known ft ate of oxygena- 
tion, and then to eftiniate its equivalent quantity 
of green or cryftaliized fulphat. 

The methods in wliich this may be done will 
be fuggefted by comparing the bell analyfes of 
iron. Pruiliat of potalh feems on the whole to 
be preferable where this fait is properly prepared, 
^luriat of iron has not yet been found. If un- 
combined with the fulphat, it might be dif- 
covered by not dcpolitiiig its oxyd cluring eva- 
poration, and by being folublc in alcohol ; and 
even if both fairs of iron w^ere prefent, and no 
earthy muriat, it might be detefted by evapo- 
ration, by treatment with alcohol, which would 
then dilTolvc both falts of iron (the green ful- 
phat being converted by the boiling into the red, 
which is loluble in alcohol) and by fulphat of 
filvcr added to the alcoholic folution. But where 
other muriats foluble in alcohol alfo exifted, it 
would require a complicated procefs to dctc£k 
nuiriat of iron combined with the fulphat. 

In giving the refults of the analyfis of a 
mineral water, the prefent ftatc of chemical 
knowledge demands that the particulars of the 
procefs (at leaft the outlines) fliould be given, 
together with tke data from which the infer- 
ences of quantities arc eftimated. It is atfo 
eiTential for the operator to preferve fome uni- 
form method of drying his falts and precipitates, 
and the temperatures at which this is performed 
(liould never be omitted. A greater attention 
to this point would enable us often to reconcile 
the ftatements of chemifts of known fidelity, 
which now differ widely, and might lead to 
many important difcoverics in tlic complicated 
and difficult fubjcfl of chemical affinity. 

WATER OF THE SEA. 

The analyfis of fea-water and the chemical 
ufes to which it is applied, will be found under 
the articles Muriat, p. 124, and Sulphat, 
p. 388, of this volume. 

WATER OF CRYSTALLIZATION is that 
portion of water w^hich moll falts retain when 
in their cryftallized form. The relative quantity 
of thid^ater to the faline part varies extremely. 
In fome it is not more than 2 or 3 per cent, in 
A>thers it forms more than half the cryftal. In 


the former cafe the falts are hard and decrepi- 
tate when hrifkly heated ; in the latter they 
liquefy. I'he quantity of this water often varies 
in the fame fait much more than would be ex- 
peded from the fimilarity inr form and appear- 
ance, which will partly account for the great 
difference which we find in tlie eftimation of 
their contents, as given by different chemical 
writers. 

WAX. La Cire. Fr. Wachs^ Germ. 

Theie are two or three fubftanccs which re- 
femblc each other fo clofely as to have received 
the name of Wax. The firft, and by far the 
mo ft important is Bees which is con- 

fumed in fuch vaft quantities for giving light, 
and is alfo ufed for a variety of other purpofes. 
Another kind of wax is the myrtle wax, which 
is extracted pretty largely in Louifiana and fome 
other parts of America, from the Myrica Ceri^ 
fera. Another fubftance very fimilar to wax is 
the Pe La of the Chinefe, the produ£l of an 
infe£l, the exa£l fpecies of which is not known ; 
and the white matter which yields the Laccic 
Acid has alfo a ftrong refemblaiice to wax. 

The properties which all thefc fubftances 
have in common are, fufibility at a moderate 
heat; when kindled, burning with much flame; 
infolubility in water, folubility in alkalies, and 
alfo in alcohol and etl?.er. In thefc two latter 
properties all the fpccies of wax differ from the 
concrete oils, with which in other rcfpcdls 
they have a very ftrong refemblance. 

Bees Wax is the fubftance, excreted from 
the body of the bee, of which thefe infedls con- 
ftru£l their cells, both thofe for containing 
honey and for the lodgment of their young. It 
is collefted for the ufe of man wherever bees 
are kept. A young hive will yield at the end 
of the fcafon about a pound of wax ; and an old 
hive about twice as much. The colour of wax 
when frefh from the bee is nearly white, but it 
foon grows confiderably yellow in the hive, or 
if very old is of a dark brown. The origin of 
the wax we fliall mention afterwards. The 
fineft wax is found to be made in dry, heathy, 
or hilly countries, but it is decidedly inferior in 
arts full of vineyards. The loaves of common 
ecs wax are made immediately from the honey- 
comb, by a flight preparation. The combs are 
firft emptied of all the honey that can be col- 
lected by the prefs, and are then either foaked 
for fome days in clear water to extraft all the 
remaining honey, or in fome parts they are 
broken down and fpread on a fheet in the neigh- 
bourhood of the hives, and in time the bees 
fuck out all the honey that is left, and reduce 
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the wax to fmall pieces like bran. The whole 
ef the wax is then melted in a clean copper with 
boiling water^ and ftrained by a prefs through 
cloth bags, to free it from every impurity. It 
is then cad into cakes, in which form it is re- 
ceived by the wax-refiners. 

The Wax of thefe cakes, which is the ordi- 
nary bees wax of the (hops, is a pale yellow fub- 
ilance, of an agreeable honey-like fmell, fuft, 
and fomewhat un£l;uous to the touch, but with- 
out (licking to the fingers, in winter becoming 
coniiderably hard and tough, and melting at 
about 142*. 

This yellow colour and the fmell of wax are 
entirely taken away by expofing it, when divided 
into tnin laminae, to the united a£lion of the 
light and air, and by this means it becomes 
perfedlly white, fcentlefs, fomewhat harder and 
lefs gveafy to the touch, and in this (late it is 
employed for candles and many other purpofes. 
The procefs of bleaching wav is the following : * 
The yellow wax is firft broken into fmall pieces 
and melted in a copper cauldron along with a 
very little water, jull fullicicnt to prevent the 
wax from burning, for it is of importance to 
ufc no more heat than is neceflliry. I'he plug 
of the copper is then drawn, and the melted wax 
and water fall together into a vcfl'el below, 
where it is covered with a thick cloth to keep 
in the heat for fome time, that the water and 
impurities may fettle. 'Hie clear melted wax 
is then fufFered to flow into a voflel with the 
bottom full of fmall holes about the fixe of a 
grain of wheat, w^hence it falls in fmall dreams 
upon a cylinder kept conftantly revolving over 
water in which it partly dips, by which the wax 
is immediately cooled, and at the fame time 
drawn out into thin (hreds or ribbands. Thefe 
flireds are then fpread upon cloths dretched on 
large frames, which are fupported a foot or two 
from the ground, and after expofure to the fun 
and air for fevcral days, with frequent turning, 
their yellow colour nearly <lifappcars. The 
half-bleached wax is then heaped up in a folid 
mafs, and allowed to remain for a month or fix 
weeks, after which, to give it compleat whiie- 
nefs, it is re-melted, and ribbanded, and bleached 
as before, till it Is entirely void of colour and 
fmell. Some manufa£lurers add in the re-melt- 
ing either alum or cream of tartar, or fometiines 
milk, all of which are fuppofed to increaie the 
whitenefs and folidity of the wax. 

Indcad of fpreading the ribbands of wax on 
cloths, fome employ a broad courfe of bricks 
laid evenly, which are frequently w^atered to 


prevent the wax from melting by the'heat of 
the fun abforbed by the bricks. 

Wax is frequently adulterated by tallow, fuet, 
or animal fat of fome kind or other. I’his gives 
the mixture a greater fufibility, fo that when 
ribbanded and expufed to a hot fun it is ex- 
tremely apt to cake. It alfo takes away from it 
the femi-tranfparency, wdnch is a didinguifliing 
property of pure bleaclieil wax; for though fine 
tallow is full as white as w’ax, it is alwa}S a 
dead opake white, 'fhe adulteration may alfo 
be detected by boiling alcohol, wliich dillblves 
wax but not t.dlow. 

Bleached wax burns with a very pure white 
light, and gives no ortenfive fmell, and very 
little fmoke compared with tallow. Being iefs 
fulible than tallow it requires a fmaller wick. 
Bleached wax melts at about ® or higher 
than the unbleached. Its ff»eciilc gravity is lefs 
than that of water, being about .96. 

Alcohol has no feiihble aflion om wax when 
cold, but on boiling tliis fluid, it diflbives rather 
lefs than Vc? W'ciglu of wax, the greater 

part of which feparates when cold in the form of 
white bulky flocculi, and wdiat little remains in 
folution i;> entirely precipitated by water. ** 

Sulphuric ether ilillbtves wax when a little 
heated, and much more copioutly than alcohol 
docs, but the greater part is alfo feparated by 
cooling and the remainder by water. 

When wax is boiled in caiiilic pota(h, the 
fluid becomes turbid, but after a tinte moll of 
the wax rifes to the furfacc, and in a flocculent 
form. The clear alkaline liquor then holds in 
folution a portion of the wax, which may be 
feparated by an acid, and the part that remains 
on the furface is fo far fapoiiilicd as to have loit 
its inflammabiliiy, and to be as foluble in pure 
water as white foap is, aiul again prccipitable by 
aci<ls nearly in its original form, with its inflam- 
mability rellored. Pure ammonia a£ls nearly 
as the fixed alkalies, but the refulting fapoiia- 
ccous feum is lefs foluble in wMter. 

If wax is diitilled with a l eai greater than 
that of boiling water it is dt co npofed. A 
fmall quantity of water firfl riics. which is fol- 
lowed by a' very penetrating ^/l.itile acid (pro- 
bably a modification of ihc*iccrous} accom- 
panied with a little very fluid and odoriferous^ 
oil. As the diftillation advances the acid be- 
comes (Ironger, and the oil- mitcli more copious 
and thicker, till at lall its confiileiicc is fuch as 
to become folid in the receiver, when it is called 
Butter of liuix. When ttie heat is raifed to low 
rednefs, and every thing volatile has come over. 


• Encycl. Artt et Met.. ^ Boflock ia PhiL Joura. Vol. iv. p. 184, Macquer't Did. 
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a fmall quantity of- coal is left behind. The ing wax by nitric acid, but this hope pro¥efl 
oil and butter of wax, if again diftilled in a fallacious, for on removing the wax from the 
gentle heat, become more and more fluid, and acid and melting it in water, (which is ncceflaiy 
at the fame time acquire a greater folubility in to extra£t the acid) the wax refumes a yellow 
fpirit of wine, and tliis oil never hardens by colour, and the water alfo becomes of a high 
keeping. brown yellow. By repeatedly melting the wax 

Wax is foluble abundantly in the fixed oils, in water (without any additional acid) it be- 
and when melted with them an uniform mafs is comes more and more yellow, and at the fame 
produced, whatever be the proportions of each, time grows harder and much more fufible than 
the confiilcnce of which is intermediate between at firft. 

the two. Oil and wax fometimes with fperma- Neither is the vapour of burning fulphur, 
ccti, form the bafis of mod of the cerates and which fo fpeedily bleaches filk and many other 
ointments ufed in pharmacy. fubilances, more fuccefsful in depriving wax 

The eflential oils diflblve wax but fparingly. of its colour. 

The adion of the acids upon yellow wax The effe£l of cauftic alkali upon wax hat 
has been examined in a feries of experiments been already mentioned. When yellow wax 
by Beckman,^ particularly with a view to their has long been fwimming in a folution of carbo- 
bleaching power. The lame fubjefi: has alfo nat of potafli, it becomes grey, and this colour 
been followed by Sennebier, ‘ who has added is entirely changed to a milk-white by fubfe- 
fome remarks on the effedl of light and other quent digeftion in nitric acid, and the wax re- 
/uppofed decolouring agents. fumes its whitenefs. 

The operation of light was thus fhewn : fome Profeflbr Beckman then tried the whitening 
yellow wax was melted and thinly fpread on a efFe£k of fuller’s earth, or fome fimilar fubflance, 
plate of glafs $ a fimilar plate was laid upon it being led to ufe it from the known power which 
when hoc, and the edges of the plates were it has in whitening and purifying tartar. Some 
clofed with fealing wax. The bees- wax there- yellow wax was melted, and a quantity of 
fore was deprived of the accefs of air, and it this earth finely powdered was fprinkled in. 
was placed in the fun, and expofed to its light The wax was then melted out, and being fufed 
for four or five hours daily. Another quantity in water it appeared grey, like wax half-bleached 
of wax was inclofed between plates in a fimilar in the common wa^, which the author fuppofes 
manner, but kept in the dark. In two days would fave much time in the whole procets. 
the wax kept in the fun began to bleach, and A few words may be added as to the origin 
in a month’s time the whole, where it did not of wax. It is ufually fuppofed that the wax is 
-exceed two lines (-(• of an inch) in thicknefs, the pollen of flowers, which the bees vifibly 
was quite white, whilft no change whatever colle£l on their thighs, and afterwards elaborate 
•took place in that which was kept in darknefs. in fome unknown way. The great difference 

If thin (havings of wax are immerfed in either between wax and this matter which the bees 
of .the throe mineral acids, ^ a little dilute, in a colle£k, has however been long remarked, 
few hours the yellow colour difappears, and the When examined by the microfeeme this little 
wax is rendered partly white, partly pellueid. mafs of pollen is obvioufly compofed of a num- 
No further change takes place, nor is the colour ber of hard grains comprefled together, and if 
of the acid at all altered (unlefs heat be applied) it is laid on a hot plate, it does not melt as wax 
for many weeks. The bits of wax are however would do, but fmokes, dries, and is reduced to 
much hardened by remaining in the acid, fo as, a coal, and if kindled it bums without melting, 
to rattle when (haken againft the fides of the Some late very curious experiments of Huber,^ 

gla(s, and by brifk agitation they may be broken one of the mod celebrated apiarids in Europe, 
down into very minute white flocculi. This has further (hewn that the pollen has no (bare 
change takes (Race much the mod rapidly in whatever in the formation of wax, but that this 
the nitric acid, or in the nitro- muriatic, and it latter fubdance is produced indifcriminately 
.is coiiipleatly efFe£bed in an hour or two. .It from honey, fugar, or any other faccharine mat- 
.alfo happens when wax is melted in nitric acid, ter .which ferves as food for the bees. The 
tlmugh lefs rapidly. This circumdance led the details of thefe experiments hardly belong to 
aimor of thefe experiments to expeft that feme- chenfical fubjeds; it is . fuflSicient to mention 
, thing might be done in the large way in bleach- that they were performed by confining feparate 

^ Nav. CsomcBt. Soc. Reg. Oottiiis. Val. v. for 1774. • Joura. de Pkjf. Toss. xxxTui. for 17^ 

'Beckaum* • Joiira* de Phjf. Toat. Iriu. 
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fwarms of bees within their hives, and feeding The myrtle wax is ufed largely in (bme parts 
one with honey, another with mufeovado fugar, of America, as a material for candles, and on 
another with treacle, another with refined fugar, the whole it appears worthy of further attention, 
in all of which abundance of fine wax was pro- WEIGHTS. See the Appendix. 

duced : and on the other hand, by feeding ano- WELD. In addition to what has been faid 

ther hive only with pollen and fruits, no wax on the ufe of this plant under the article 
whatever was formed, though the bees remained Dyeing, we may add that the fine delicate 
for a week in their confinement. Other obfer- yellow which it gives is much employed by 
vations and experiments by this ingenious natii- • the paper (lainers in this town, and is fold in 
falifi: (till further explain this fubjedl, by (hew- the form of hard lumps, confiding chiefly of 
ing what is the real ufe of the pollen, namely, chalk faturated with the colouring matter, 
to afford fuftenance for the larva of the bee the The following is given by Meflrs. Collard 
moment it is hatched. • and Frafer as an improved procefs.* Diffufe 

any quantity of fine whiting in boiling water. 
The Myrtle Wax is a concrete fubftance add tnereto one ounce of alum for every pound 
moderately hard, nearly of the confidence of of whiting, which will caufe a brifk effervef- 
bees- wax, and of a dingy green colour : it cence, and dir thefe materials well together till 
is contained in abundance in the berries of the all difengagement of gas has ceafed. On the 
Myrica latifolia^ a fragrant bufhy fhrub with other hand, boil in a feparate velTel fome weld 
leaves like the myrtle, which grows abundantly with water jud enough to cover it, for fifteen 
in many parts of North America: it is alfo pro- minutes, filter the yellow decodfion, and then 
cured from another fpecies of the fame genus, mix it with the wniting and alumiiie in fuch 
the Nlyrica which is common in boggy mof- proportions as that the earths may appear to be 
fes in feveral counties of England. faturated with the colouring matter. Then let 

A very large quantity of the myrtle wax is the mixture remain a day at red, and at the bot- 
extradbed from this fliruo in Louifiana, by col- tom will be the precipitated earth firmly united 
lediing the berries, boiling them with water, with the colour, and of a fine yellow tinge, which 
and bruifing them at the fame time, by which may be conveniently dried on chalk-dones. 
the wax melts out and rifes to the top as a thick The weld yellow is a water colour, and is „ 
oily feum, which is eafily feparated. The her- never mixed with oil. 

ties yield about a fourth of their weight of this ’ WELDING. Welding is that intimate 
wax.** They contain alfo, according to M. union produced between the fuifaccs of two 
Cadet, a confiderable quantity of gallic acid. pieces of malleable metal when heated alniod 
This wax has been examined chemically both to fufion and hammered. This union is fp 
•by the above-mentioned chcmill and by Dr. ftrong that when two bars of metal are pro- 
Boitock, and it is found to refemble bees- wax perly welded, the place of jundbion is as ftrong 
fo clofely in the moft important properties, that relatively to its thigknefs as any other part of 
they may be claiTed under the fame genus of the bar. Only two metals are capable of firm 
chemical bodies. In fome refpodbs however union by welding, namely platina aiul irou^ 
the myrtle wax diilers from that of the bee. (which fee). 

Its fpecific gravity is 1-015, fo that it finks in WELTER'S TUBE. See Appendix of ^ 

water. It melts at 109% and when kindled it Apparatus. 

burns with a clear white flame, and an agreeable WERNERITE. 

aromatic odour, and produces little fmoke. Its colour is intermediate between piftachia- 
With alcohol, ether, and the alkalies, its habi- green aqd Ifabella-yellow. It occurs cryfbal- 
tudes clofely refemble thofe of bees wax, only it lized in rcdbangular tetrahedral prifms, termi- 
appears to oe a little more foluble in each of nated by obtufe tetrahedral pyramids: fome- 
thefe menftrua. The acids have, when cold, times the hiteral edges are truncated, forming 
as little efiedb on the myrtle wax as on that of an odlohedral prifm. 'The cryftals are finally 
the bee, and the former is not entirely bleached and laterally aggregated. • It is more or lefs 
Iw digeftion with nitric acid, but only rendered fliining with a luicrc between ^eafy and pearly ^ 
of a pale yellow. Cauftic potafh however in its fradlure is curved lamellar in two direflions, 
diflblving it wldtens it compleatly. No attempts palling into uneven. It is tranflucent, and fome^ . 
have yet been made to bleach it in the large what inferior in hardnefs to feKpar. Sp. gr. 3.6*: 
way by expofure to the fun and air. Before tlie blow-pipe it.intuinefces, andmclta 

^ Cadet, iojkii. Ckia. Tom. xKv. * Phil. Mag.^Vol.xui. 
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eafily into a white opake enamel. It occurs in 
the iron mines of Northo in Sweden^ and near 
Arcndahl in Norway. 

WETZCHIEFER. See Thonschiefer. 
WHINSTONE. See Basalt and Trap. 
WHITE COPPER. See Copper. (Alloys of). 
WHITE LEAD> or Ccrujfe. See Lead* 
WINE. 

Under the articles Fermentation^ Brandy^ 
Alcohol and Tartar^ we have already defcribed 
ffufiiciently at length for a manufafture not 
ufed in this country) the method of converting 
the grape juice into wine, and of procuring 
ardent fpitit from the latter by diitillation ^ 
we lhall therefore in this place only mention 
the anaiyfis of wine as given by M. Chaptal in 
his elegant and valuable memoirs on the culture 
and produce of the vine*. 

All wines contain an acid, alcohol, tartar, 
extract, aroma, and a colouring matter. The 
prefence and nature of each of thefe principles 
may be afcertained in the following way. 

1. Acid. All wines, even the fofteft and 
snildeft, redden litmus, and therefore contain an 
acid. This abounds however chiefly in the 
thin wines of wet and cold climates, where the 
grape juice or mujl contains but a fmail por- 
tion of fugar. when wine has been boiled to 
extradr the brandy, the liquor that remains in 
the iliil, and is thrown away as ufelefs, is a four 
naufeous fluid with an acrid and burnt flavour. 
When filtered and allowed to remain at reft 
for a time, it depofits a good deal of extrac- 
tive matter, becomes covered with mould, and 
then contains a notable quantity of acetous 
acid, which may be feparated by diftiliation. 
The acid is however not entirely acetous, at 
leaft not till after ftanding a confiderable time, 
for it precipitates and forms an infoluble fait 
. with lime water, and with the foluble falts of 
filver, lead, and mercury, and appears to be the 
Afalic acid mixed with a little Citric^ both of 
which are converted into vinegar by fpontaneous 
decompofitibn. The wines that contain the 
greateft qilantity of thefe acids yield the word 
brandy, nor is there any method yet known of 
feparating or neutralizing the acid without ma- 
terially injuring the quality, or leflening the 
quanrity'Ot the ardent fpir it. 

2, Alcohol. The cxiftence of this principle 
and mode of extraOion by diftiliation has been 
fully^efcribed under the article Brandy. The 
quanmy of alcohol varies prodigtoufly. The 
ftrong, rich, full-bodied wines of the warmer 
yAmm tkHintries will yield as much as a third of 


ardent Tpirit ; whilft the thin light wines will 
often give no more than about of the fame 
ftrength. 

3* Tartar. This fubftance has alfo been 
fully defcribed in its proper place. Tartar is 
not altogether a produA of the fermentation of 
wine, fince it is contained in muft, though in 
fmail quantity. 

4. ExtraB. Muft contains an abundance of 
extra£live matter, which materially affifts the 
fermentation, and is afterwards found, in part 
at leaft, in the lees, but another portion may be 
obtained from the wine by evaporation. It is 
alfo extra£l that mixes with and colours the 
tartar. By age the quantity of extradive mat- 
ter diminiihes. 

5. Arofna. All wines poflefs a peculiar and 
grateful fmcll^ which would indicate a diftind 
aromatic principle, but it has never been exhi- 
bited in the form of efiential oil, or condenfed 
in any fmalJcr quantity by diftiliation or any 
other mode. To give wine all its aroma it 
Ihould be fermented very llowly. 

6. Colouring Matter. The hufle of the red 
grape contains a good deal of colour, which is 
extraded when the entire fruit is preflTed, and 
.becomes diflblved in the wine when the fer- 
mentation is compleat. Many fubftances will 
feparatc the colour. If lime-water is added to 
high-coloured wine a * precipitate is formed of 
malat of lime that carries down with it all the 
colouring matter, which cannot again be fepa- 
rated either by water or alcohol. But if wine 
alone is evaporated gently to drynefs, and the 
refid ue treated with alcohol, the colouring mat- 
ter diflblves therein. Wc may add too, that the 
natural colour of wine is entirely and fpeediJy 
deftroyed by the addition of hot weii-burnt 
charcoal in pretty fine powder. The colour of 
red wine in the ftate in which we receive it is 
not entirely that of the grape, but is given by 
other colouring fubftances, which however arc 
quite innoxious. 

WITHERITE. BaroliU, Kirw. Native 
earhonat of barytes. 

Its colour is yellowifb-grey, pafiing into grey- 
i(h-white and pale wax-yellow. It occurs in 
mafs, difleminated, and rarely cryftallized. Its 
forms are i. a flattened hexahcdral prifm termi- 
nated by hexahedral jpyramids. 

2. The fame, with the lateral edges of the 
prifm and pyramid truncated. 

A pyramidal dodecahedron, 
e cryftals are in general very fmail, either 
implanted in the malfive varieties of thiSsinme- 
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TaU or grouped in bundles: their furface is 
generally rough. The longitudinal fradure of 
Witherite is between radiated and lamellar^ and 
has a Alining luftre i the crofs fradlure is fine- 
grained uneven, and glimmering with a greafy 
luftre. Its fragments are wedge-Aiaped. The 
mailive variety often prefents fcapiform and 
-^wedge-AiapcddiftinA concretions. It is trans- 
lucent, paffing to femi-tranfparent. Its hard- 
nefs is about equal to that of fluor : it is brittle 
and eafily frangible. Sp. gr. 4.3. 

Before the blow-pipe on charcoal it firft: 
crackles a little, and then melts into a whitiAi 
enamel. Strong nitric acid has little or no 
efie£t upon it, but when very diluted, this men- 
ftruum diAblves it readily with a copious efier- 
vefeence. 

When purcit confiftsof 78 Barytes 

22 Carbonic acid 

100 

A fpecimen from Anglezark afibrded Klap- 
roth 98.246 Carbonated barytes 
1 . 7 03 Carbonated ft rontian 
0.043 Alumine with a little iron 
o.oo8 Carbonated copper 
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Witherite is an a£rive polfon to animals. 

It was firft 'difeovered by Dr. Withering at 
Anglezark, in the north of LancaAiire : it has 
fince been found in the Schlangenberg in Si- 
beria, and alfo near Neuberg in tJpper Stiria. 

It occurs at Anglezark in veins in fiatc, 
accompanied by heavy fpar, galena, blende, and 
calamine. 

WO AD. This valuable dyeing drug (the 
ufe of which however has been a good deal 
fuperfeded by indigo) gives a full bodied and 
very faft blue to wool, but not very bright, 
fo that it is always mixed with indigo at pre- 
fent., The mode of preparing the woad-vats i^ 
mentioned under the article Dyeings p. 3 73. 

The mode of cultivating and preparing^ the 
woad in Thuringia is thus given ^ Wedelius.* 
Woad requires a very rich deep loil well ma- 
nured and tilled. The feed is put in the ground 
in February. In June the le.wes turn yellow- 
i(h, and the plant begins Co flower, which is 
the time for gathering the firft crop, which is 
done by mowing down the whole plant clofe to 
the ground. It is then rinced in water and 
fpvesyl out ia the fun, and when dry enough it 

r • tfpheoit Nat* Cttcw ' 


is ground in mills to a fine paftCf which is fur- 
ther dried by ventilation. Uliis pafte is t^en 
made up into cakes, which are neaped upon 
each other in a covered room, whereby they 
(bon ferment, heat, and exhale a moil penetrating 
naufeous ammoniacal odour which ^rcads to a 
great diftance : this fermentation is kept up for 
a fuiTicieat time, occallonaliy watering the 
cakes when the heat is too great, till the whole 
falls into a coarfe powder, in which ftate the 
woad is again made up into balls, and is ready 
for ufe. 

The root of the plant throws out a frcfti crop 
of young ftioots which are fit to cut in about 
fix weeks after the firft harveft, and are 
managed in the fame way, ancl fometimes, if 
the feafon continues dry and warm, a third crop 
may be got in the fame year, but this is much 
inferior to the two firft. 

The fermentation of the woad plant is pecu- 
liarly violent, and attended with an uncom- 
monly naufeous fmcll,^and the produ£lion of a 
large quantity of ammonia. Much praflical 
flcill is required in the management of it, for 
if fufFered to heat too much the whole is 
converted 10 a black cActe niafs, and the blue 
colour, for which the plant is cultiyated, is 
totally deftroyed. The fermentation is both 
moderated and prolonged by the great hardnefs 
of the cakes, which cannot eafily oe broken up 
till they crumble to pieces of thcmfelves by their 
^ontaneous a£lioii. 

When woad is diftilled fe^ It gives out a 
confiderable quantity of ammonia along with 
the other principles common to vegetable mat- 
ter. Nitric acid has but little aftion on it, in 
which it differs remarkably from indigo. The 
colour however is totally deftroyed. According 
to the imperfeA experiments of Dijonval**, ful- 
phuric acid a£ts on woad with great vehemence, 
caufing much tumefadlion and difengagement , 
of gas, and a folution is at laft effeAcd, which, 
diluted with water, is a faint undefinable green, 
without any thing of the fine blue wliich dil^ 
tinguilhes tne fUlphat of indigo. When woad 
is diffiiled in water and kept tor a time it fpee- 
dily putrefies, and gives a more penetrating and 
fetid fmell than moft vegetable or even animal 
matter under fimilar circumftanccs. 

WOLFRAM. See Tungsten. 

WOOD. Bois^Y. Hol%,G. 

The wood of vegetables confifts obvioully of 
a denfe congeries of fibres abundantly impreg- 
nated with a variety of the natural juices of 
the plant, fuch as mi^cilage, refin, colouring 

^ iQm. BlifCToai. xi. 
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extra£tf cffential o?l, fugar, &c. all of which 
may be obtained from one or other kind of 
wood, by applying thofe menftrua which dif- 
folve thefe fubftances in their natural ftate. 
But after the adiion of thefe menftrua has been 
exhaufted, after wood has been long boiled in 
water, alcohol, and weak acids, a fubftance 
remains, which is not in any degree arted on 
by thefe, which burns in the open air without 
melting, but with much flame and a pene- 
trating acid vapour, and leaves at laft only a 
fmall quantity of white oartliy alh, from which 
a fmall portion of alkali may be extracted, 
^his fubftance is confidcred as the pure woody 
fibre, and has fome title to be confidcred as a 
^'diftincfl: vegetable principle, ns it has fome pro- 
perties peculiar to itfelf. The earth and alkali 
(or neutral falts, which, by conibuftion, furnifh 
the alkali) mull: however be reckoned as foreign 
to the pure ligneous fibre, thougli they cannot 
be extnfted without entire diforganization of 
the wood. 

It is not eafy to extract all the foluble parts 
of frefh wood, fuch as the refin and colouring 
matter, without firft reducing it to very fine 
duft, for M. Sennebier' found that even the 
thinned (having of entire wood long refifted 
the aAion of common menftrua. But after 
bruifed wood has been long boiled alternately 
in water and alcohol, and again thoroughly 
dried, it then loles fo much of its cohefiou 
that it may be reduced to very fine powder, 
from which a fubfequent application of the 
fame liquors will compicat the extraftion of 
every thing foluble. 

The refid UP, which is as pure wmody fibre as 
can be obtained, w’hcn heated ftrongly in a 
retort, without addition, yields a confidernblc 
quantity of a red pungent acid liquor, which 
has long been confiderod as a peculiar acid, and 
has been called the pyroli^rteous^ but later expe- 
riments render it probable that it is little elfe 
than the acetous holding fome empyrcumatic oil 
in folution. Its general properties are deferibed 
under the article Acetous Acid ( Empyretmuttic J. 
But it is to he obferved that if is commonly 
procured by the (impl? diftillation of wood un- 
prepared by any previous procefs, and of courfe 
may be mixed with a portion of all the other 
ingredients of wood which are volatile by fire 
and again condenfible in a liquid form ; nor do 
we know of any experimenrs ma<le in a fufti- 
cient^ large way, on the acid yielded by wood 
on \i\ich the a£lion of water and alcohol has 
previoufly been exhaufted. 

* }oi«rn. Vhyf, Tom. xixvuk . * 


The pure ligneous fibre is decompofed by 
being heated with ftrong nitric acid, and yields* 
a very confiderable quantity of oxalic and malic 
acid, 'rhe cauftic alkalies alfo foften, and 
finally diflblve it. 

The furface of wood is readily ftained by a 
variety of fubftances, and if thefe are allowed 
to remain in conta£k with it they fink into the 
fubftance of the wood which often produces a 
very agreeable efFe£f in cabinet work, and fome- 
times gives to ordinary wood a very good re- 
femblance of the more expeniivc coloured 
woods of foreign countries. 

The following experiments to this piirpoCe 
have been made by Beckman. Some maple wood 
was firft fawed into thin flips about xS of an inch 
in thicknefs- One of thefe was immerfed in a fo- 
lution of dragon’s blood in oil of turpentine. 
After a confiderable time the wood had abforbed 
fo much of tlie refin as to fink in the liquor, ami 
it was then of a fine malmgany Colour, fliewing 
the veins of tlie wood by a lighter ihadc of red. 
Another flip of w'ood was dyed in the fame 
manner in a folution of gamboge in oil of tur- 
pentine, which gave a fine yellow, and by a 
mixture of gamboge and dragon^s blood in dif- 
ferent proportions, a number of beautiful tints 
may be produced. Bccch-wood was found to 
take the colour fooncr, but it was lefs brilliant. 
A folution of thefe refins in alcohol alfo an- 
fw'ered very well. With thefe kindsof fubftances, 
however, it is nccefliiry in order to produce jl 
good colour, either to boil the wood in the li- 
quor, or at lead to continue the digeftion for 
a confiderable time, fo that they can only be- 
employed to great advantage with fmall pieces, 
fuch as are ufed for the finer kinds of inlaying 
or veneering, i-ut many faline and metallic 
folutions produce a more fac ed v efleft in 
changing the colour of wood, which may be 
applied to a furface of any extent. 

All the white woods arc rendered much 
whiter by being foaked in a folution of aium. 
This is probably owing to a decompofition of 
the fair, and a depofition of its earth within tlie 
pores of the wood in very fine divifion. 

A deep black is given to wood in various 
ways. ( )ak and other woods that abound iti 
gallic acid receive a black from the folutions 
of iron, but thefe woods are comparatively 
rare. 

If concentrated fulphuric acid is fmeared 
over the furface of wood it blackens it very 
fpeedily, and this colour fpreads deep within the 
wood in a few hours, its furface being at Utc 
N«v. Cam. Soc. Galtins. Tom. via. 
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fame time covered with a tenacious froth. 
When this is thoroughly waflied and the 
wpod dried, the furface is of a deep charcoal 
black, and hard enough to take a good poliih ^ 
but it is not eafy to get rid of every particle of 
the acid. A much liner and better black is 
given by (irll foaking the wood in any folutioii 
of lead, and afterwards for a day or two in a 
folution of arfenical liver of fulphur, made by 
boiling in water a mixture of two parts of 
quicklime and one of orpiment. Probably the 
limplc fulphurct of lime would anfwer as well. 
All the other metallic folutions that naturally 
blacken with the fulpliurets will anfwer the 
fame purpofe, fuch a^s thofe of (ilver, bifmuth, 
and iron, but lead fucceeds the bed. 

With the woods that contain no gallic acid 
a yellow-brown dye, varying to brown -red, is 
given by fmcaring them over a few times with a 
folution of iron in dilute nitric acid.® 'I’his 
dye is very permanent, and does not change by 
the a£lion of light or air. 

A grcenilli hue may be given by the folutions 
of copper, but it is difficult to make wood take 
it equally, or to give any depth of colour by 
this metallic folution. 

Different hues may be given by ftrong dc- 
coftions of the colouring woods and other dyes 
mixed with alum, which need not be here enu^ 
mcrated. 

In all the above procefles, and particularly 
where any fitline or metallic folution is em- 
ployed, the natural glofs of the wood is much 
impaired, which requires that it fhould be fi- 
nifl^eci with linfecd, or amber, or any fimilar 
varinfh, which has the efFe£k both of rendering 
the dye more permanent, and of much increafing 
its beauty. 

petreJjeiL 

Wood in ordinary circumllanccs, whether 
upon the furface of the earth or buried under 
it, is by degrees, by the concurrent attion of 
air and water dccompofcd \ its texture is broken 
doyvn, the connexion between the feveral vege- 
table principles of which it confilts is diflblved, 
its ingredients enter into new combinations, 
and no vellige remains either of its organiza- 
tion or chemical properties. Sometimes how- 
ever it happens that the external figure and 
internal arrangement arc preferved wliile the 
chemical properties have undergone very 
notable alteration, in confequence of which the 
natural decay b prodigioufly retarded, and 
iometimes even wholly iufpended. Wood that 


has undergone this change is faid to be petre« . 
fied, or mineralized. 

There are three fubflances by which this 
change is brought about, namely pyrites, oxyd 
of iron, and flliceous earth in the li»rm of agate 
or hornllone. Thefc conilitute fo many l‘pe- 
cies of petrefied wood. 

pyritoNS ivocd 6^CMr^ principally in 
the independent coal forinat’ion \ it is compolcd 
entirely of common pyrites, often in a flate of 
fcmi-decornpoiition : it appears to contain' no 
ligneous particles, but retains with ccwifiderablc 
exactnefs the external figure, and in Ibmc 
degree the internal organization of w'ood. 
The realbn why this fpccies prefents a lefs 
ftriking rcfcmblancc to wood tlian the others 
do, is probably the ftrong cry fta Nine polarity 
which pyrites polfefles j in fplitting- longitudi- 
nally a piece of pyritized wood it not unfreV 
quently liappcns that: the fibres reprefenting the 
coiiccniric layers of wood are compofed of 
minute cubes laterally aggregated to each other. 

ferruginous f^l nvood is found in hema- 
tite, and eipccially in argillaceous iron ore. 
Externally it prefents the appearance of trunks 
and branches, and its internal texture has a 
clofe refcmblance to that of wood. In its che- 
mical compofition it does not appear to differ 
materially from common argillaceous iron ore. 

But agatixed wood is that which has been 
the moft examined. It has been made adiftinfk 
mineral fpecics by Werner, who has given it 
the name of Holzstkin or Woodftone, of which 
the following are the charaflcrs. 

Irs colour is afti-grcy, palling into greyifh- 
black, yellowifti, brownilh, and blood-rcd : the 
colours run into each other forming clouds and 
ftripcs in a longitudinal dirc£lion- It occurs 
ill the form of trunks, brandies and roots, and 
prefents in the utmoft perfeftion the internal 
organization of wood, not only the longitudinal 
fibres and concentric layers being vifible, but 
even the knots and medullary proceffes. Its 
internal luftre is various, being between gUftcn- 
ing and dull. Its crofs fraClure is impcrfcftly* 
conchoidal, its longitudinal fra<^luie is fpliutery 
and fibrous. It is moderately tranflucent ; is- 
harder thaji glafs, and gives lire with ftccl, but 
is cafily frangible. 

It occurs in fand and fandftone in various^ 
countries, cfpeciafy in the hill St. Syinphorien, 
near Elampes in France, in Saxony, Bohemia, 
and Hungary; ncir J.och Neagh in Ireland, in 
the beds of fandftone that lie above the fulier’a 
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earth hear Woburn in Bc<Jfordftiire, and alfo in 
the fandjr defarts to the weft of Egypt. 

It not unfrequently happens that agatxzcd 
wood before the pctrefying procefs has begun, 
has been cori'oded by worms, in which cafe not 
only the perforation is filled with filiceous 
matter, but even the fubftance of the worm 
itfelf has been compleatly agatized. 

Agatized wood difeovers flight traces of ks 
origin by affording a few drops of a watery 
cmpyreumatic liquor by diftilhtion: it confifts 
however for the moft part of filex. 

The origin of petrefied wood is generally 
attributed to the gradual infiltration of the 
pctrefying fubftance, but to this theory, however 
limple and ingenious, there arc many import- 
,ant obje<ftions. 

VVQOD-STONE. See the preceding article. 

WOOD-OPAL. See Opal . 

WOOL. Laine, Fr. IVoiie, G. 

This fubftance, the^aterial of fuch import- 
ant manufa£furcs, poflefles fome curious che- 
mical properties, none of which however are 
much illuftrated by the various operations per- 
formed on it in manufadure, almoft all (that 
of dyeing excepted j being purely mechanical 
procefles. 

Some of the fimplc chemical properties of 
'wool have been examined by M. Achard,* and 
compared with the corrcfpondxng properties of 
the hair of different animals. The copious 
generation of oxalic acid by treatment of wool 
with nitric acid, has been particularly deferibed 
and explained by M. Berthollct in his beautiful 
refearches on animal matter ; and the great fol- 
vent power of the cauftic fixed alkalies, has 
been happily applied to fome ufe by M. Chaptal 
as a faponaceous compound. ** 

Wool in the ft ate m which it is taken from 
the flieep is always mixed with a great deal of 
dirt and foulnefs of different kinds, and in par- 
ticular is ftrongly imbued with a natural ftrong- 
fmelling greafe. Thefe impurities are got rid 
of by warning, fulling, and combing, by which 
the wool is rendered remarkably white, foft, 
clean, light, and fpringy under the hand. When 
boiled in water for feveral hours in a common 
veflel, wool is not in any way altered in weight 
or texture, nor does the water acquire any len- 
fible impregnation. 

A little a£rion is (hewn between ^ater and 
wQoI by boiling for an hour in a high heat, 
with a Papin’s digeftcr,^ the water acquires a 
fmell like that of raw wool, and the wool is 
.4bmewha^hitened, but its weight ie not fen- 

• Mem, dc l*Aad. dc PsrltD, for lySs# 


fibly changed, nor its texture materiallv altered. 
In this refpeA it differs fomewhat from hair, 
the texture of which is much foftened whiift it 
is wet, by boiling in a digdfter, but when dry 
it becomes quite crifp and brittle. 

Sulphuric acid added cpld to wool produces 
neither heat nor any vapour, but after a few 
hours the acid blackens, and the wool tofes its 
texture, becomes foft and gelatinous, and fi- 
nally diffolves, forming a black thick acid li- 
quor. 

The aftion of the nitric acid on wool is un- 
doubtedly the moft curious. When cold, this 
acid only difen gages a large quantity of azotic 
gas, but when warmed, much nitrous gas is 
given out, and at leaft two new acids are formed 
viz. the malic and the oxalic^ the latter is in 
greater abundance than even from fugar and ni- 
trous acid, or any other hydro-carbonous bafis. 
A fmall feum of a peculiar oil always arifes 
during the a^Iion of nitrous acid on thefe 
animal fubftances. See the article Oxa- 
lic Acid. 

Muriatic acid when boiled on wool fimply 
diftblves it. The folution is dark brown, and 
is not changed by the addition of water. 

7'he a£lxon oi the oxymuriatic acid has not 
been further examined than to difeover that it 
does not whiten wool as it does cotton, but on 
the contrary, turns it to a pretty deep yellow \ 
which may occafionally furnilh an ufeful me- 
thod of diftinguiihing the fibre of wool froln 
that of cotton in any kind of cloth where they 
Ynay be mixed. 

No effe£t is produced by boiling wool in the 
oils, fixed or eftential, or in alcohol. 

The carbonated alkalies have little a6):ion on 
wool, but the cauftic fixed alkalies when di- 
gefted With it fpeedily weaken its fibre, reduce 
it to a foft gelatinous pulp, and finally make a 

f )erfe£t folution. The alkali at the fame titfie 
ofes its alkaline properties as it does in 
common foap. This faponaceous folution of 
wool is made for experiment in a few minutes 
by boiling bits of wool or flannel in a cauftic 
alkaline folution, and it has been recommended 
by Chaptal to be employed inftead of common 
foap in cleanfing cotton and other goods in 
manufaAures, as by this means a number of 
refufe bits and clippings of wool and w:6ollen 
cloth which are now thrown away may be put 
to fome ufe. This foapy folution does not 
lather well when agitated with water, never- 
thelefs it a£ls very powerfully in cleaningdotli. ' 
It has a ftrong and fomewhat , offenlive fmell, 

y Aa. CliiiB. Tmi. xsi. • AcharA 
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which 18 left at firft in die clothe but goes oiF by 
fiiort expofure to the air. 

M. Achard diftiiled per ^ in a retort one 
ounce of wool, widi a heat gradually increafed 
to ignition. There was left in the retort 
drams of a coaly refidue \ the neck of the retort 
was lin^ with a black fliining foot; beyond 
which was a faiine fublimate ; and in the re- 
ceiver was about 2 drams of an empyreumatic 
oih together with fome neutral ammoniacal 
falt> the nature of which was not afcertained. 

WCX^Li PhilofophicaL See Zinc. 


WORMWOOD, Salt of. 

The purer kinds of fait of tartar or carbonat 
of potam were often ^termed fait of wormwood, 
particularly in medicine, tlie afhes of this plant 
yielding an abundance of this alkali. See C^rr- 
bonat of Potajb. 

WORM-TUB. A part of the common dif- 
tilling apparatus. {See the appendix.) 

WOULFE’s APPARATUS. {See the Jpn 
pendix . ) 

WURFELSPATH. See Anhydrous Sele- 
nite, p. 547. Vol. I. 
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YEAST. See F&rmentation. 

YELLOW (Naples). 

The Naples Yellow {Giallolino) is a fine pig- 
ment long prepared at Naples, which has the 
appearance of an earth, is very friable, heavy, 
porous, not alterable by expofure to air, and of 
a pale orange-yellow colour. When heated it 
exhales no feniible vapour, melts when red-hot, 
but undergoes no other change except that the 
colour becomes deeper. Boiling water and 
,acida extrafl a portion from it, but do not dif- 
folve it entirely. 

This pigment (the preparation of which is 
kept fecret) has been examined bv feveral 
^chemifts, but no accurate analyfis nas been 
made of it. Fougeroux fliewed that it was a 
metallic oxyd by reducing it with a proper flux, 
and eafily obtained a regulus from it, which 
confided of lead and antimohy. * Beckman and 
Couret have confirmed this compofition. A 
procefs which produces a fimilar pigment is 
thus given by Couret.^ Mix together 12 oz. of 
cerufle, 3 oz. of diaphoretic antimony, of 
izlum and fal-ammoniac each one ounce, heat 


them for a confiderable heat below rednefs, ax\d 
afterwards in a red heat for three hours longer, 
after which the n^fs will haVe acquired a beau- 
tiful yellow colour. 

The Giallolino is little employed in this 
country, its ufe being fupplied by Turners 
Patent ITelloio^ prepared from Lead in the man- 
ner deferibed under that article. 

YELLOW EARTH. Gelberde, Wern. 
Terre jaune^ Broch. 

Its colour is ochre-yellow ; it occurs in mafs ; 
it is dull or at mod feebly glimmering. Its 
fra£f ure in the great is flaty, but in fmall is fine- 
grained earthy, palling into imperfe£lly con- 
choidal. It is very foft, almod friable ; it 
acquires a polifh by frifiion; dains the fingers, 
and is fomewhat un£fuous to the touch, it ad- 
heres flight] y to the tongue, and is of little 
fpecific gravity. 

It is employed in the arts as a pigment. 

It forms beds in clay, and ironltone, at 
Wehrau, in Upper Saxony. 

YTTRIA. See Gadolinitb. 


ZAFFRE. See Cobai.t. 

•ZEICHENSCHIEFER. SccThonschirfer. 

ZEOLI TE. Zcoliih^ Wern. 

Of this mineral there are the three following 
(fubfpecies. 

I. 5 i^. Radiated Z. Strahligtr^ Z. Wern. 
Mefoiype^ Hauy. ^ • • 

Its colour is yellowifh-white, greyifh, reddifh 
-and fnow-white. It occurs maflive, globular, 
and crydalHzed. Its primitive form is a re£Ian- 
^ular, te^ahedral prifm: fometimes the prifm 
* 4 Mem dc ^’Acad. for 1766, 


is terminated by tetrahedral pyramids, the bafes 
of which correi'pond with the faces of the prifm; 
fometimes th^* prifm is comprefied, and termi- 
nated by tetrahedral pyramicU fet on the lateral 
edges of the prifm ; the fuminits of the termi- 
nal pyramids are alfo often truncated. The 
cry da Is are mkldle-fized and fmall, and oftm 
laterally aggregated, fo that their fummits alone 
are didinguilnable : the lateral planes are 
fmooth and (hining. Internally it is glidening, 
with a pearly ludre. Its fra 42 ur$ is divergjusgly 
^ J. Phyi. Tom. xxavi. 
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radiatedi approaching on one hand to foliated, 
and on the other to fibrous. It prefents longiili 
granular diilin£t concretions. It is tranlluccnt, 
parting into tranfpareiit, and portefles a double 
refrartion. Its. liardnefs is fomewhat fuperior 
to that of calcareous fpar^ it is brittle and 
eafily frangible. Sp. gr. 2.03 r=2.o8. 

Before the blow-j)ipc it intumefees and melts 
like borax. It is foiuble in the mineral acids, 
and forms with them a gelatinous inafs. Its 
component parts, according to V auquelin, are 
50.24 Silex 
29.3 A I limine 
9.46 Idme 
10. Water 

99. 


It partes into the two following varieties. 

Var. I. Fibrous Z. Z. Werii. 

Its colours are nearly the fame as the pre- 
cedingi except that it ibmetimes occurs wax- 
yellow and greei:ifh-white. It occurs in mafs, 
reniform, and in capillary cryftals. Its fra£lure 
is divergingly fibrous, palling into fpHntery. In 
other refpeifls it agrees with the preceding. 

Var. 2. Mealy Z. Mehl%eolithy Wern. 

Its colours are yellowifli and reddilh-white 
parting into flefli-red* It occurs maffive, coral- 
loidal, and incruiling other zeolites. It is dull ; 
its frafture is coarie earthy, approaching to 
finely fibrous. It is opakej very foft, almoft 
friable ; very light \ and when rubbed with the 
nail it gives a grating feel and noile like burnt 
brick. 

2. Sub/p, Lamellar Z. Blattnger Z. Wern. 
Siiibite Hauy. 

Its colour is yellowifli and greyirti-white, 
rarely reddilli-white. It occurs maffive, globu- 
lar and cryllaUized. Its primitive form is a 
rhomboidai pril'm : the- other varieties that it 
prefents arc, a (hort hexahcdral prifni, the 
oppofite faces alone of which arc equal ; and a 
table of fix equal fides. The cryilals are i'mvill 
and middlc-iized, and their furface is always 
fmooth and ihining. Internally its luilre is 
iliining and pearly. Its fraclure is l amellar, 
generally fomewhat curved, and is divifiblc only 
in one dirc£lion. It prefents granular and 
fometimes curved lamellar diitiii£I concretions. 
When in mafs it is tranflucent, and when cryf- 
^tallized^s generally tranfparcnt. In its other 
4:liara£^<^ it relemblcs the preceding fub- 
^Ipecies. 

^ ‘ Jt is compofed, according to Vauquelin, of 


52. Silex 

17.5 Alumine 
9. Lime 

18.5 Water 
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3. Subfp. Cubic Z. Wurfel Z. Wem. 
jittalcime 1 st Chahajie Hauy. 

Its colour is grey i 111 and yellowifli- white, 
and yellowifli-browri. It occurs in mafs and 
cryftallized. The primitive form of its cryftals 
is a hexahedron approaching very near to a 
cube \ fometimes each folid angle of the cube 
is replaced by an obtufe trihedral pyramid fet 
upon tlie faces of the cube : fometimes thefe 
fecondary faces are fo large as to obliterate thofe 
of the primitive cryftal, whence there refults a 
folid with 24 trapezoidal faces. The cryftals 
arc fmall and middle-fized, and arc brightly 
(hilling externally with a luilre between vitreous 
and pearly. I he internal luilre is fomewhat 
inferior to the external. Its fra£lurc is iniper- 
fedlly lamellar in three dire^lions, paffing fome- 
times to uneven. Its fragments have a ftrong 
tendency to the cubical form. It prefents gra- 
nular dillin£l concretioiisj is tranflucent, parting 
to tranfparcnt \ is fomewhat harder than glafs. 
Sp. gr. 2^7. 

If intumefees before the blow-pipe, but does 
not gelatinize with acids. 

Zeolite occurs principally in the moft recent 
fioetz trap-formation, efpecially in amygda- 
loid and cellular bafalt ; in thele rocks it lome- 
times only lines, but oiten entirely fills up the 
cavities which they contain. It alfo occurs, 
tliough rarely, in primitive greenilone, and in 
veins accompanied by galena. 

All the above fubfpecies occur in Scotland, 
but the largeft and moil beautiful fpecimens 
come from Iceland and the Ferroe lllands: 
they are alfo met with at Adelfors in Sweden, 
in various parts or Germany, and very abun-« 
daiitly in the outh lllands. 

ZINC. Zink^ Germ. Z/w, Fr. Spelter^ 
Tiitenag^ of the Chinefe. 

Zinc is a bluifti-grey femi-du£lile metal, 
fufible at lefs than a red heat, and combuftible 
at the loweft point of ignition, an extremely 
brilliant bluifli-whitc flame being given out, and 
the metal being converted into a white floccu- 
lent oxyd. 

$. I. Ores fsf Z 'w. 

Sp* I. Common Calaminic, Native carbonat 
of Zinc. 

Of this mineral there arc the three followin|r 
fublpecies* 
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I Subfp. Cryftallized C. 

Its colour is greyilh-white and yellowilh- 
grey. It occurs in rhomboids approaching 
very nearly to the cube, and in longiih quadri- 
lateral tables : the cryftals are fm^l and very 
fmall ; both externally and internally they are 
ufually (hilling with a lullrc between relinous 
and vitreous. Its fraflure is fmall and imper- 
fedly foliated. It is tranfparent, palling into 
^anflucent } it yields eafily to the knife but not 
to the nail. Sp. gr. 4.33* 

By ignition in a covered crucible it lofes 
about 34 percent. It dilTolves totally and with 
elFervefcence in the mineral acids, and the folu« 
tion does not gelatinize. 

It is conipofed, according to an analyfis by 
Smithfon, * of 

65.2 Ozyd of zinc, 

34.8 Carbonic acid. 

100. 

It occurs in veins in fecondary limeftone, 
accompanied by the other ores of this metal, by 
palena, calcareous fpar, quartz, &c. It is found 
in Derby (hire. 

a &ubfp. Compa£l C. 

Its colours are greyilh, greenifli and yellowilh 
white, ochre yellow and yellowifli brown, the 
two latter colours however indicate a contami- 
nation of iron. It occurs maffive, cellular, 
botryoidal, mamillated, reniform and (lalaflitic. 
Its internal luftre is glKlening, between vitreous 
and refinous. Its fradure is imperfedly fibrous 
palling to fplintery and granular uneven. It 
prefents granular and curved-lamellar diftinA 
concretions : the lighter coloured are tranHucent 
at the edges. In hardnefs, fpecific gravity, and 
chemical charaders it diiFers but little from the 
preceding fubfpecics. 

It has been analyfed by Smlthfon and Berg- 
man ^ with the following refult. 

Sm. Berg. 

64.8 — 64. Oxyd of zinc, 

35.2 — 28. Carbonic acid, 

o. — 6. Water, 

o. — I . Ozyd of iron. 

loo. . lOI. 

Concerning Bergman’s analyfis it may be re- 
marked, that the oxyd of iron is merely acci- 
dental, ;nid diat the exiltence of the water is 


rather inferred than proved, fo that probably 
the amount of carbonic acid is ftated too low. 

It occurs in the fame geological fituations as 
the preceding, and is very abutuiant in Cumber- 
land, Derbylhire, Flintlhire, and Somerfetlhive 
in England, and in a multitude of other places. 

3 Earthy C. 

Its colour is greyilh or yellowifli white. It 
occurs in mafs, and encrulHng the furface of 
other minerals. It is dull ; its fra£lure is very 
fine grained earthy. It may be feraped by the 
nail 5 is opakc, and adheres to the tongue. Sp. 

gr.3.s8. 

It confifts, according to Smlthfon, of 

71.4 Oxyd of zinc, 

13.5 Carbonic acid, 

15. 1 Water. 

100. 

In its other properties it agrees with the pre« 
ceding fubfpecies. 

It is found in Dcrby(hire, in Bleybferg im 
Carinthia, and elfewhere. 

Sp. 2. Electric Calamine. 

Its colour is greyi(h, blui(h or yellowi(h white: 
it occurs in mafs or cryftallized. The form of 
its cryftals is a comprefled hexahedral prifm, 
terminated by low, bevilled, and truncated hex- 
ahedral pyramids. The cryftals are fmall and 
very fmall, either foHtary or grouped in diver- 
gent rays, like zeolite. The luftre of the cryf- 
tals is (hining, vitreous ; their fraiSure is imper- 
fectly foliated; that of the maflive variety is 
generally diverging fibrous. It varies from ^ 
tranfparent to opake according as it is cryftal- 
lized or not. It may be fcratched by a knife, 
but is confidcrably harder than common cala- 
mine. Sp. gr, 3.43. When gently heated it 
becomes ftrongly eleftrical, nor is this property 
deftroyed even by a red beat. By ignition its 
lofs does not exceed 1 2 per cent, and the cryf- 
tals though they become opake and decrepitate 
a little, do not fall to powder. It is foluble in 
the mineral acids wimout efTervcfcence, con- 
fiderable heat is extricated, and the folution 
gelatinizes on cooling. 

The maflii^e variety from Hungaiy was ana- 
Wied by Bergman, and another fpecimen from 
Wanlock-Head by Klaproth; that in radiated 
cryftals, like zeolite, from Fribourg, Iw Pelletier;*^ 
and that in foHtary cryftals, from Regbania |n 
Hungary, by Smitlifoxi, With the following re- 
futts. 1 


• Phil. Trsaf. for xioj, p. 17. 

yot, n. 


» Opufcals; ii. p. 314. « ^ f Memoireii i. p. 47* 
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Berg* Elmr* Pellet* Smith* 

84. — 66. —• 36. — 68.3 Oxyd* of zinc#. 

12* — 33. ~ 52. — 25. Silez, 

o. — Q. — 12. — . A.A Water 


3. — o. ~ o. 

I. ~ o. — o. 

100* 99. ICO. 

It occurs in fccondary limeftone accompanied 
by quartz> calcareous 4>ar9 common calamino» 
&c. 

Befidcs the localities above mentioned it alfo 
cccurs.'in Derby (hire. 

Sp. 3. Blende. Black jack^ of the Englifh 
miners. Pfeudfigalena. 

Of this there are the two following fubfpecies. 

I Si/^. Foliated B. 

Its colour is wax and fulphur yellow, brownilh 
and olive green, reddifh or yellowilb, or blackiih 
brown palling into perfe^^ black, alfo hyacinth 
red, brownslh and blood red. It occurs in mafs, 
difleminated or cryftallized. Its primitive fbrm 
is the rhomboidal dodctahedron ^ the others 
that it prefents are. 

f. The regular o£tohedron. 

. i2i The pyramidal tetrahedron. 

3. Var I, with all the edges truncated. 

4« Ditto, with both the edges and folid angles 
truncated. 

5* A folid with twelve trapezoidal faces and 
twelve ifofceles triangular fiices. 

6. The preceding variety with four of the 
Iblid angles replaced by an equal number of 
equilateral triangles. 

The cryftals are generally fniall, and fo im- 
paf^ed together that it is not cafy to determine 
their forms : their furface is fmooth and fplen<<> 
dent. ^^The external and internal luftre of this 
mineral is brightly ihining between refinous andf 
adamantine, ih the darker coloured varieties 


— o. Oxyd of iron# 
o. Alomine. 
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pafling to femi*metallic. The fra£lure is ttrart 
foliated in fix dired^ions, . but when made acrofs 
the laminse is imperfectly conchoidal. Its frag-- 
mentsare angular and pretty (harp- edged. It 
prefents granular diftinCt concretions. The' 
lighter coloured cry dais are tranfpareiit and 
tranilucent, the darker coloured ones and the 
maffive varieties are traiiflucent at the edges and 
opakc. Its hardnefs is about equal to that of 
fluor fpar^ it is brittle and ealily frangible. 
Sp. gr. 4-04 =zz 4.16. 

2 Stibfp, Fibrous B. 

Its colour is iron grey mixed with ycllowilh 
particles; it occurs in cellular, reniform, and 
ilaladiitical mafles : externally it is dull : inter-^ 
nally it is gliftening or glimmering ; its frafture 
in one direction is fiiiely and divergingly fibrous ; 
the crofs fraflure is conchoidal ; it it compofed 
of curved lamellar diitinS: concretions. It is 
opake, moderately hard and brittle. Sp. gn 

It has hitherto been found only, at Geroldfeck 
in the Brifgau, in a vein accompanied by galena 
end heavy Ipar. 

The yellow foliated blende is phofphorefcent 
by fridiion, even under water. Several of the 
blendes give out an hepatic odour by fridtion> 
and (till more of them by digeftion in muriatic 
acid. 

They have beiwi fubjeded to various analj^eSf 
but hitherto not with fufiicient precifion. The 
following is a table of the different refults. 
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Blende occurs m tranfition» erimltive^ 
flratilicd mountains, but princioally in the.for<« 
hier : it is Ibund in veins almoO; always accom- 
panied by galena, calcareous fpar and quartz, 
alfo by iron pyrites, fahlerz, native filver, grey 
antimony, fpathofc iron, copper pyrites, heavy 
fpar, &c. The Hungarian and Tranfllvanian 
blendes are often auri^rous. 

Blende abounds in Britain, and in moft of 
die other mining diftricEls of Europe. 

§. 2. AJfay and Annlyfts. 

Common Calamine^ beddes carbonat o£ zinc 
and water, may alfo contain the carbonats of 
iron, lead and lime. Its analyfis may be thus 
condufted. (<7) Diflblve the pulverized ore in 
dilute nitric acid and eftimate the carbonic acid , 
from the lofs of weight during the folution* 
*T'hen carefully neutralize the folution by a 
little cauilic foda and evaporate it gently, adding 
from time to time a few drops of fulphat of 
foda as long as any precipitation takes place. 
{b) Having thus cautioufly brought it nearly to 
drynefs, digeft it in hignly resided alcoliol, 
and afterwards in a little cold water which 
will take up every thing but the fulphats of 
lead and lime, {c) 'rhele may then be fepa- 
rated by digeftion in very dilute fulphuric 
acid, which will take up tnc fulphat of lime, 
leaving the fulphat of Lead pure, (d) Neu- 
tralize the muriatic folution by foda, and 
ovaporate nearly to drynefs ; then add to the 
refiduc alcohol, which will throw down the 
fulphat of Lime with a little fulphat of foda, 
this latter may then be waflicd away by a little 
cold water. {/) The alcoholic folution b after 
evaporation to drynefs may be digefted in caullic 
ammonia, which will take up the oxyd of zinc 
and leave behind the oxyd or Iron, {f) The al- 
kaline folution after being fliglitly fuperfaturated 
with muriatic acid, is to be decompofed by a 
perfc£lly carbonated alkali, by which the zinc is 
procured in the ftate of carbonat, and this, after 
edulcoration, bein^ diflblved by fulphuric acid 
and the folution ignited in a platina crucible 
affords dry fulphat of Zinc^ containing 50 per 
cent, of oxyd of zinc, (g) Thus all the com- 
ponent parts are afeertained except the water i 
to determine the proportion of this take a frefh 
parcel of the ore, weigh it, and then ignite k 
for half an hour, note the lofs of weight, and 
transfer the refiduc into muriatic acid \ if while 
it diflblves in this fluid it gives out any gas let 
the lofs of weight be noted ; then add together 
the lofles by ignition and folution, dedu£t from 
the fum the known weight of the carboniG acid 
and the vefidue is water. 


Xfl^analyfe $hc elelfric calamine diflblve the 
pujvcyizcd ore in dilute nitric acid, evaporate, 
the folution very flowly, almoft to drynefs, thea^ 
digefl: it in a large quantity of water and the 
filex will remain undiflblved. If the filez 
retains the lead ocliery tinge diged it in dilute 
muriatic acid, by which the adhering oxyd of 
iron will be taken up. Then decompofe the 
muriatic folution by a carbonated alkali, and 
transfer the oxyd thus obtained to the nitric 
folution from which the filex has been fepa- 
rated. The red of the analyfis is the fame as 
already mentioned for common calamine. 

The analyfis of Blende is con fiderably more 
complicated. The fubdances that have been 
obtained from it by decompofition are zinc, iron, 
lead, copper, arfenic, fulphur, filex, .'ilumine and 
water I nor is it by any means improbable that 
the whole of them fhould coexid in the fimie 
fpecimen, we. (hall therefore proceed to mention 
what appears to us as the bed method of fepa- 
rating thefc fubdances from each other. 

For the lFater% let 200 grs. duly pulve- 
rized be put into a fmall coated glafs retort and 
gently ignited for a quarter of an hour \ the 
fluid in the receiver w’ilJ be water with fcarcely 
any perceptible admixture of fulphurous acid. 

b Now take another portion of the ore and 
diged it in repeated portions of dilute nitric 
acid till every thing foluble is taken up ; walh 
the refiduc, weigh it and ignite it \ the Sulphur 
will burn off, and its amount may be edimated 
by the lofs of weight. 

c The refidue, after the ignition of the ful- 
phur, is to be digeded in a little nitro-muriatic 
acid till the infolubic portion becomes quite 
white, and is then pure Silex. 

d To the nitric folution (b) add a few drops 
of fulphated foda and evaporate it gently, con- 
tinuing to drop in from time to time a little 
fulphated foda as long as any precipitation 
takes place; when the whole is brought nearly 
to drynefs diged.it in very dilute muriatic acid^ 
which will take up every thing but the fulphat 
of Lead. 

e Add together the nitro-muriatic folutionSj 
(r, d) and decompofe the whole by carbonat of 
loda, thendigod the precipitate thus obtained in 
caudic ammonia, by which the zinc and copper 
will be taken up. 

^ Saturate the preceding ammoniacal folution 
with muriatic acid, and then boil it, adding 
caudic foda as long as any precipitate falls 
down ; this precipitate is brown oxyd of 

g The foda folution, now containing only 
oxyd of zinc, is to be faturated with muriatic 
3 R 2 
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Acicly decompofed by carbonat of foda, and the confirmed by cTio obfenration of Bergman^ that- 
precipitate thus procured^ after ignition^ is oxjd cwcmtratid lulphuric aeidfeparates^ fulphurettecf 
of Zinc, ^ hydrogen from blende; whi^ cannot happen' 

b The refidue infolubte in ammonia (e) is to with a proper metallic fulphuret. The deduihion 
be abffraAed repeatedly with nitric acid, and however from this faA is fomewlnit equivocal^ 
then digefted in caullic foda : what remains in- for the proportion of fiilphuretted hydrogen by 
Ibluble ts oxyd of Iron, with a flight contami- concentrated fulphuric acid is greatly inferior 
nation of arfenrc. to that produced by: muriatic acid, and when it 

f The preceding foda folation is to be fatu- is confidered that all blende affords by diffilla- 
rated with nitric acid, and nitrat of lead Is to tion a portion of water, is it not very poflible^ 
be added till it ceafes to produce a precipitate* that the hydrogen may be furniihed by the db-^ 
This precipitate is arfeniai of lead. compofition of this laft ? But the produ£lion of 

k To the remaining fluid is (irft to be added fulphuretted hydrogen from it, by the agency 
fulphat of Ibda, in order to get rid of any nitrat of acids, by no means proves that tne zinc mult 
of lead that it would probably contain, and the neceflarily be in one of the forms above-men- 
filtered Kquor being decompofed by carbonated! ' tfoned %, conrmon liver or glais of antimony,^ 
ammonia a precipitate will fall down, which, which is decidedly a fulphuretted 
when well walhed and ignited, is pure aiumine, affords fulphuretted hydrogen when digeltcd^ 
A confiderable difficulty however ftill remains with' adds, and it appears highly probable, on 
in eftimating properly the relative* proportions taking into coniideration all the properties of 
of Blende, even after the analyfis has been per- blende,^ that this alfo is a Iblphuretted ftib-oxyd.- 
formed in the moff careful manner* This arifes Thie ores of zinc cannot be aflayed in the 
from the uncertainty of the Hate in which the common method on account of the great vola- 
zinc and fulphur (which are the principal m- tility of this metal*, they are therefore treated" 
gredients) exill in this ore* According to feme in one of the two following w^si • 

chemifts, pure blende, excluflve of all cafiial i . The ore, being firfl bruiied, is to be very 
admixtures, is a true fulphurct of zinc, the carefully feparated from any intermixed particles 
latter being in the metallic (late. The reafons of galena and oriier impurities, and is then to be' 
adduced in favour of this opinion are, Firfl, roafted, care being taken, efpecially in an affay 
that this is conformable to the compofition of of blende, that me whole of the fulphur is 
the other native metallic fulphurets, uich as the driven off. The roafted ore is now reduced to 
different fpecies of pyrites, and the fulphurets fine powder, together with half its weight of 
of lead, antimony, (liver, &c. Secondly, that charcoal, and the mixture is put into an earthen 
if blende be digeftcd in muriatic acfd lulpho- retort, to^ the beak of whicli a tube or adopter 
retted hydrogen will be given out (as was firft is fixed dipping in water* After the retort with ^ 
obfervedby Bergman) which gas can only pro- its contents has been expofed for about three' 
xecd from the decompofition of water by the Quarters of an hour to ar high heat in a wind’ 
metallic zinc, and the union of ito hydrogen tarnace, k is to be cooled gradually, and on* 
with part of the fulphur, while Hi the zO: of breaking the veffcl the zinc will be ftiund con- 
being fepaiated from the zinc by the powerful creted hr metallic drops in ks neck, 
affinity of the acid for this laft. 2. The ore, after being prepared' and" mixed^ 

On the other hand, however, it may be re- with charcoal, as above mentioned, is to be* 
marked that metallic zinc and fulphur cannot be ftratified in a crucible with its own weight of 
made to combine together by art, but that oxyd copper clippings^; a perforated cover being 
of zinc and fulphur unite by fufion, producing lutcid on, the crucible is to be kept at a cherry 
Z. yellowifh compound not unlike blende* The red or low white heat for the beft part of an 
tranfparcncy of this mineral is alfo a diara^er hour, being then allowed to cool, hs contents 
in which it differs from the other proper metal* are taken ant and waihed, by which the glo* 
lie fulphurets. It is true that fulphuretted bules of brafs are readily f^arated from the 
hydrogen is given out during its folution in lighter impurities* The excels of weight which 
muriatic acid, but this would alfo happen if the the brafs has over the copper employed, indi- 
fulphuretted hydrogen pre-exifted in the ore. cates the quantity of zinc abforbed from the 
It is the opinion of V auquelin that blende is a ore* 

Iblphurettc^oxyd, which often contains belides 3* Redaffioft Orel* 

ful^uretted hydrogen, and this feems to be The ore, whether calamine or Uende, after 

S Bcrgm, Opolc* ii. p. 338, 
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feeing raifed from the mine^ is firft drefled, that 
iSf it is broken to.fmall pieces9 and the galena^ 
pyrites, and other impurities are feparated as 
accurately as pollible by hand $ it b next cal* 
cined at a moderately red heat in a reverbera- 
tory furnace, by which the calamine is depriveit 
of Its carbonic acid, and the blende of the moil 
part of its fulphur. It is then waihed, by which 
the lighter earthy parts are feparated from the 
metallic oxyd, wnich latter, being dried, is inti- 
mately mixed with about f of its weight of 
charcoal by grinding the ingredients together in 
a mill, and is now ready ta be fmcltcd. The 
furnace in which the redtiflEion is performed b 
a circular one not unlike that of a glnfs-houfc, 
ill it arc Bxed fix lar^c earthen pots, about four 
feet high, and nearly of the fame (hape as oil 
jars: imo the bottom of each pot is iiil'erted an 
iron tube that palles through the arched floor 
of the furnace, and dips m a vcflel of water 
placed beneath, wliile the other end of the tube 
sifes within the crucible to within a few inches 
of its top. Thefc crucibles are filled up to the 
level of the tube witli the mixture of roafted ore 
and charcoal, the cover of each is very accu- 
rately luted on, and the furnace is charged with 
fuel, by which an intenfe heat is kept up for 
feveral hours. The nine, as it is reduced, 
afeends to the top of the pot in the form of 
vapour, and there being prevented from efcaping 
by the clofcly luted cover it defeends through 
the central iron tube, whence it pafl’es into the 
water, and is there condeiifed in iVnall drops. 
Thefe globules are afterwards melted and call 
fnto ingots, in which ftate they are Wought to 
market. 

Common zinc generally contains a little lead, 
copper, arfenic, iron, manganefe, and probably 
plumbago, which often confiderably impair the 
quality of the alloys into which it enters. In 
order to get rid, in part at lead, of thefe impu- 
rities, the common prafHce is to melt the zinc 
in a crucible, and then to fth: into it, by means 
- of a dick or earthen rod, a mixture of fulphur 
and fat : the latter of thefe preferves the zinc 
from oxydation, while the former, uniting with 
all the metals prefent, except the zincj converts 
them into fulphnrets, which rifing to the top 
form a fcoria> that may be ikimmed off : this is 
to be repeated as long as any fcoria makes 
its appearance. ' M. I^roud objects to this 
method as completely inefleflual and propofes 
another^ which is Amply redidilling the zinc in 
an earthen retort f after the metal has paflTed 
over there remains behind a mixed mafs of 
■ oxjds sindrother Unpuritics* But it is not very 


obvious how cither the arfenic or lead caff 
bc\iius got rid of, nor does it by any means ap-^ 
pear that the old method is fo very nugatory. 
It would probably be an improvement fird to 
heat the zinc nearly to melting, in which date 
it is very eafily pulverizabie, and having thus 
reduced it to fine powder, to mix it with about 
y of its weiglit of fulphur and a littl6 pitch,, 
t^en to charge an earthen retort with the mix- 
ture, ta keep it for fome time at a temperature 
not exceeding that of melted lead, and then to 
raife it by degrees till the zinc begins to be 
volatilizea : the contents of the retort being 
now allowed to cool gradually, the purified 
zinc would be found at die bottom, covered by 
a fcoria of fulphuret. 

If however the zinc is roquired of extreme 
purity, take the common fulphat of zinc (white 
vitriol of the (hops) diflblve it in hot water, and 
add* a little fulphuric acid and granulated zinc, 
by this means the copper, arfenic, and the prin- 
cipal part of the iron will be prccipitatecT. 
When the acid is faturated pour off the clear 
liquor, and evaporate it to drynefs ^ moiften the 
white fhlt thus procured with a little nitric 
acid, and heat it nearly to rednefs in a crucible i 
by this the refidue of the iron and manganefe* 
will be reduced to the (late of infoluble oxyd, 
and warm water will take up only the pure 
fulphat of zinc. This is to be decompofed by 
carbonat of ammonia, and the white precipitate* 
thus obtained, after being wafiied and calcined, 
is to be mixed with about -Jr of charcoal, and 
reduced by diftillation in the ufual way. 

f. 4. Ph^cal and Chemical Properties » 

The colour of zinc is bluifh-white with ar 
high metallic lufire; its texture is between 
hackly and foliated, that is to fay, the plates of 
which it confifts inilead of being finooth like 
thofe of bifmuth or antimony, are covered witli 
a multitude of fmall points which render it 
peculiarly harfhrto the' touch; In thin plates it 
may be* broken without difficulty, but in doing 
fo a kind of refifVaiice i’s perceived, as if die fir- 
cets of which it is compofeef adhered to* each- 
other not merely by the appoiition' of their (ur- 
faces, but by 'the mutual penetration of thofe 
little points with^ which, when ' feparated, they 
appear to be covered. The larger ingots cannot 
be broken but by means of iron wedges. Zinc 
at the common temperature poflefles a moderate 
deme of du£lility, and may be laminated by 
paUing through rollers into plates of confide- 
rable thinneis and elafticity. With care U 
may be drawa into wite,. the tenacity of whici^ 
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according to Mufchcnbroeck, is equ^I to about 
26 lbs. upon Yv of an inch 111 diameter. If, 
however, zinc is hammered at about die tem- 
perature of 300® F. its malleability is greatly 
increafed ; it will now bear to be bent back- 
wards and forwards fevcral times before it 
breaks ; its frafture is fibrous and ftecl grained ^ 
it may be rcdiiced into thin leaves by lamina- 
tion, and may be drawn into wire not exceeding 
of an inch in thicknefs, and poflbiling 
nearly the tenacity of filver.** The hardneft 
of zliic is fomewhnt inferior to that of copper : 
its fpecific gravity varies from 6.8 to about 7.1 5 
by hammering it is iiicrealed to 7.19. It yields 
oafily to the file, but in a very fliort time en- 
tirely clogs up the teeth of this inllrument, 
rendering it quite fniooth. Ky fi 1ft ion, or 
eyen when kept in a moift warm hand for a 
fliort time, it gives out a very fcnfible metallic 
odour, fomewhat refcmbling that of iron. 
When heated to 400° Fahr. and upwards, it 
becomes perfcftly brittle, and in this liate may 
be pulverized without difficulty in a heated 
inortar. At about 700"^ Fahr. it melts, and in 
a full red beat is volatilized. It cryftallizes with 
difficulty luio xctralicJral or comjirclTed hexa- 
liedral pviihis. 

The action of air upon zinc at the common 
temperature is very flight ; it acquires a very 
tliin fuperficial coating of grey oxyd, which 
adheres to the metal and prevents any further 
change. But if the zinc is melted it foon be- 
comes covered with a pellicle of grey oxyd, 
and this being removed as faft as it forms, the 
whole m;ifs of metal is in no very long time 
entirely oxydated. If the grey oxyd thus formed 
is Hill further calcined at a red heat, it ac- 
quires a gveeiiifh-yellow colour, and increafes in 
w eight : by a white heat it runs into a compaft; 
yellow glafs. 

If zinc inftcad of being merely melted is 
ignited, it takes fire and burns rapidly, with an 
intenfe bluilli-wdiite flame of great brilliancy : 
as the combuftion goes on, the 'metal is con- 
verted to a yellowifli-white flocculent oxyd, fo 
light as to be thrown up into the air by the 
force of combufl ion, a peculiar odoUr which has 
been likened to that or arfenic being given out. 
This fublimcd oxyd is commonly known by the 
name of Fltyivers oJ'yAnc^ and in the writings 
of the older chemifls by thofe of Nihil alburn^ 
I^omphui^f Philofaphical IV ?>/, &c. If this oxyd 
as foon as prepared is put into a dark place, it 
will be poa^ived to emit a bluifl\ phofphoric 
light for the ipace of an hour or more. Another 
> rial Mag> xxiil. p. aSl. ‘ Opufcula, ii. p. 


phenoinenon which has probably feme relation 
to the above is, that, if a filter be filled with 
flowers of zinc, and water repeatedly pafled 
through them, they will appear fuperncially of 
a dazzling white, and internally of a pure 
flcy-blue, which lafl however is replaced by the 
common ycllowiili tinge in proportion as it 
becomes dry. The flowers of zinc like the 
other oxyd are reducible by an intenfe heat 
into a yeilowifli glafs. 

The compofition of the oxyils of zinc is by 
no means yet afeertained with the defired pre- 
cifion, we fhall therefore ftate the rcfults or all 
the experiments that have been made on this 
fubjeft, with fuch obfervations as may fugged: 
themfelves. 

1. According to Bergman,® 100 parts of zinc, 
after bein^ diflblvcd in dilute fulphuric acid 
and precipitated by cauflic foda, afforded 161 
of oxyd dried at the temperature of boiling 
water ; therefore 100 parts of oxyd are com- 
pofed of 62 zinc and 38 oxygen. But the oxyd 
dried at this low temperature mull neceflarily 
retain a confiderable portion of water ; indeed 
it is by no means improbable that it would 
aftually be in the (late of hydrat, which, ac- 
cording to Mr. Smithfon, is compofed of 75 
oxyd and 25 water. If the neceflary correftioii 
be made upon this fuppofition, ico parts of 
oxyd will confift of 83.3 zinc, and 16.7 oxygen. 

2. According to Vauquelin,** (but from what 
particular experiments we are not informed) 
100 parts of oxyd of zinc produced by calci- 
nation of the artificial carbonat, are compofed 
of 69 of zinc and 31 of oxygen. 

3. According to Clement and Deformes,® 
14.36 parts of zinc heated red-hot in a coated 
glals tube, with a dream of air puffing through 
it, afford 17.48 parts of a wliite oxyd, the' 
compofition of which therefore per cent, is 
82.15 zinc, and 17.85 oxygen. 

The fame chemifls found that 30 grammes 
of fublimed oxyd of zinc, by diflillation with 
charcoal at a high heat were reduced to 21.82 
grammes of metallic zinc, according to which 
100 parts of fublimed oxyd confid of 72.4 zinc, 
and 27.6 oxygen. In this however the amount 
of zinc is very probably under rated, as feveral 
minute particles might remain unperceived in 
the charcoal. 

It appears from another experiment of the 
above chemids, that the fublimed oxyd when 
etpofed to a forge heat for a quarter of an hour 
lofcs about 7 per cent, and at the fame time ac« 
quires a dull yellow colour; hence the compo« 

< An. de Ch. XKviii. p. 47* * Ib* zxiix p. 3 s. 
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Iftion of this fub-oxyd is 88 of zinc to 12 of 
oxygen. 

4* Some experiments of Prouft^ on the fame 
fubjeQ deferve to be cited. According to this 
able chcmift, loo parts of 2inc,«by folution in 
nitric acid^ and fubfequent ignition afibrd 1 25 of 
yellowifh oxyd. Alfo 100 parts of zinc wneii 
diflblved in nitric acid and precipitated by car- 
bonat of potaih afibrd 180 of dry carbonate 
M^hich by calcination is reduced ta 12; of mere 
oxyd. Hence according to both thefe expcri- 
ments^ oxyd of zinc is compofed of 80 zinc and 
20 oxygen. 

5. According to Morvcau the greenifh oxyd 
formed by calcining the grey oxyd is compofed 
of 85 per cent, zinc and 15 oxygen; and 

6. According to Wenzel the inofl: highly cal- 
cined oxyd of zinc confills of 80 zinc and 20 
oxygen, in which he perfecHy agrees with 
Pro lift. 

VVliat conclufion can be drawn fronn thefe 
various refults except the neceffity of frcih 
experiments ? 

The mutual a^ion of zinc and water is very 
confiderable. If pulverizeil zinc be moiftened^ 
with this fluid at the common temperature,, the 
mixture in the fpace of a few hours becomes 
black, increafes in bulk, difeharges hydrogen 
gas with a vifible eflervcfcence, and at length is 
converted into a greyifti-white oxyd , At a high 
heat the decompofition of the water is much 
more rapid, as we learn from an experiment of 
Dr. Pricftlcy’s; this philolbphcr having, incloled 
ibme zinc in a glazed earthen tube heated it 
red, and then pafled fteam over it; a large 
quantity of hydrogen was produced, and the 
zinc was converted into a dark coloured femi- 
tranfparent glafs. 

The a£lion of the alkalies is very ftriking, 
and was firft obferved with accuracy by ].>e 
LalTonc*. If filings of this metal are immerfed 
in ftrong and perfectly cauftic liquid ammonia 
and a gentle heat applied, the mixture foon 
becomes turbid and milky, a copious effervef- 
oence, probably of hydrogen gas, takes place, 
the odour of which is ammoniacal and alliaceous, 
the zinc 19 by degrees dtflblved, and the folu- 
tion, during the cflervefccnce, becomes of a 
deep black colour. The folution being com- 
pleted, a little black powder falls to the bot- 
tom, and the liquor after filtration is perfectly 
clear and of a yellow colour. If the zinc em- 
ployed is in the ftate of fublimed oxyd inftead 
6 f metallic filings, the liquor becomes fenfibly 
hoV:>nOv gas is given out, and the folution is 

^ An. de Ch. sx.xv. p- 53.. 


completed in a confiderably fhorter time tliafi- 
was required in' the former cafe. Ammoniuret 
of zinc concretes by cooling and evaporation 
into feathered cryftals, which are permanent iiv 
the air. If the ammonia is faturated with zinc 
the folution is in part dccompofcd by water, a 
white oxyd being precipitated; this however 
may be prevented by pouring in a little ammo- 
. nia previous to the addition of water. No vifible 
change is produced by the addition of cauftic 
fixed alkali, but all the acids dccompofe it, 
throwing down the metallic oxyd : with tinc- 
ture of galls a deep grey precipitate is produced: 
if a plate of copper is immerfed in the folution 
the zinc is in part p%cipitated and the copper 
is diflblved, tinging the ammonia of a blue 
purple colour. 

The cauftic fixed alkalies zCt upon metallic 
zinc in nearly the fame manner as ammonia 
docs, but according to Dc Laflbne they are 
incapable of diflblving the fublimed oxyd. This 
is remarkable, for it is certain from tl\c experi- 
ments of Vauquelin and others that the oxyd 
precipitated from the falts of zinc is perfedly 
fohibic in either potafli orfoda. 

Owing to the powerful aflinity of zinc for 
oxygen it combines with the acids with great 
readinefs, forming a numerous clafs of Talts, 
many of which are of impprtancc- 

Concentrated fulphuric acid when aflifted By 
heat diflblves zinc either in the metallic ftate, 
or in that of oxyd, fulphurous acid gas being 
given out in the former cafe. If the acid is 
diluted with water it adls rapidly on zinc at 
the common temperature, an abundance of 
hydrogen gas being given out. The folution 
when completed, and filtered to feparate a fmall 
portion of inful ubie black matter, aftbrds, by 
evaporation and cooling, fulphat of v^inc in the 
form of comprefled tetrahedral or hexahedral 
prifrOvS terminated by tetrahedral pyramids. 
'I’his fait if free from iron (which however it 
feldorri is without particular precautions) is per- 
fectly colourlcfs and tranfparent, it is mode- 
rately hard, and has a difagrceably ftyptic 
metallic flavour which remains long on the 
palate. Its fp. gr. is 1.912. It is foliiblc in 
about 2 j paYts of v/ater at 60®, and in a much 
fm'cdicr proportion of boiling water. It eflUo- 
refeesby expofure to the air. In a dry heat it 
firft melts in its water of cryftallization, and is 
reduced to an opake mafs, afterwards by ftrong 
ignition it parts with molt of its acid in tlie 
form of fulphurous acid gas. It is decompos’d 
in the moift way, with precipitation of its oxyd 
I Mem. Sci. 1775.. 
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all the alkalies, either cauftic or carbonated, 
and by all the alkaline earths. The proportion 
of its component parts is very varioufly ftated. 
According to Bergman** loo parts of the cryf- 
tallized fait lofe 40 by gentle calcinationj v/hich 
are therefore water 5 the rciidue after being 
kept white hot for .three hours was reduced to 
r.© parts of 9 greenilh-grey colour which was 
oxyd of zinc, the acid having been driven ofi> 
From .thefe data fulphat of zinc con^fiils of 
^o, Oxyd of zinc 
40 Sulphuric acid 
40 Water 

jcp * 

But according to Mr. KIrwan* 100 parts of 
fulphat of zinc by a heat of 376® lofe 39 which 
arc water, and a fimilar quantity of the fame 
fait afforded with muriat of barytes 61.24 of 
ignited fulphat of barytes. But the compofition 
.of fulphat of barytes is varioufly ftated. Klap- 
roth, Black and others reckoning the amount of 
acid in this fait to be 33.33 whereas 

Mr. Chenevix eft images it at no more than 
23.5. Hence the compoGtion of fulphat of 
zinc as found by Mr. Kirwan’s analyfis may be 
reckoned at 

39. Water 

20.4. or 14.3 Sulphuric acid 
40.6. or 46.7 Oxyd of zinc 

Mr, Smithfon*^ from fome fimplc and 

apparently accurate ahalyfes reckons the com- 
poneii,t parts of dry fulphat of zinc to be 
50 Sulphuric acid 
50, Oxyd 

JQP 

The fait called in commerce White vitriol is 
an impure fulphat of zinc of a bluifh- white 
colour with cchcry ftains externally ; it has a 
granular cryftalline texture like loaf I^ugar, and 
is in irregular lumps apd mafles. It is prepared 
largely at Rammeliberg and elfewhere in Ger- 
inany by roafting blende and .then .expofing it to 
the airj the fuTphats of zinc, lead, iron and 
copper that are thus formed^ are feparated 
from the earthy parts by lixiviation, and the 
liquor being boiled dawn tilj a ftrong faline pel- 
licle forms on its furface is let oiU into cryftal- 
iizing vats where it concretes into h^rd granu- 
lar rpair^s. The Englifli white vitriol is pre- 
pared fi^the moft part by dired^ folution of 

► O^ufcul ii p.37.8. * On real Acid, p. 69. ** fhi).'] 


metallic zinc in fislphuric acid,- and is tberelbtf 
purer than the foreign, though it Hill contains 
a very notable quantity of iron. Both kinds may 
be confiderably, though not entirely, purified 
by folutlon in water, and then abandoning the 
liquor to fpontaneous evaporation in an open 
veflel containing fome granulated zinc : the 
fulphat of lead will fubfide to the bottom, and 
other foreign fulphats will be decompofed by 
;the metallic zinc. The faline mafs when dry 
is to be lixi\2aied with cold water and the clear 
ftltered folution, after due evaporationj will 
^{Ford regular cryftals of fulpliated zinc. 

j&ulphite g/* zinc is prepared by putting (bme 
oxyd of zinc and water into a Woulfe bottle, 
^nd throwing in fulphurous acid gas till the 
oxyd is diflblvqd- The fait thus formed cryf- 
tallizcs by gentle evaporation. It has a ftyptic 
fulphureous flavour: it is eafily foluMe in 
water, but nor at all fo in alcoliol : it is docom- 
pofed by the other acids with dTervefeence 
owing to the efcape of fulphurous acid gas ; k 
forms white precipitates wii.i the alk.rlies which 
are entirely re-foJuble in cold dihttf fulphuric 
acid : by expofuic 10 ait It y. iuon conv. . .cd 
into the fulphat. 

If fulphurous acid is dlgtiflvo u on m- lallic 
zinc inftead of the oxyd, an i- j. ;r.i ue uud 
rapid aflion takes place bciwcen j much 

heat is difengaged, fulphurciit d hydrogen gas 
is produced, tr^ fluid becomes of a turbid 
brown or yellow colour, but grows clear in 
proportion as the faturatlon advances. The 
fluid thus produced has a remarkable pungent 
ftyptic and fulphureous flavour; when gently 
.evaporated it becomes thick like &rup, and then 
depofits acicuiar tetrahedral pri^s terminate^ 
by very acute tetrahedral pyramids 5 thefe when 
expolcd to the air become efflorefeent, and are 
jlowly decompofed into a mixture of fulphat of 
zinc and fulphur. Before .the blow-pipe this 
fait gives out a vivid light like zinc in com- 
buftion, and throws out on every fide arboref- 
cent and tubercular ramifications. The fulphu- 
ric and muriatic acids decompofe it with efFer- 
vefcence, fulphurous acid gas beipg given out, 
and a yellowlQi-white powder being precipU 
tated. Nitric acid alfo fets at liberty inlphurous 
acid, and throws .down a flocculent dujujlle and 
adhefive precipitate which ps fulphur* When 
^iftilled per Je in a retort it affords wajber, ful- 
phurous and fnlphuric acids, . fublimcd fnlphur, 
and there remains behind oxyd of zinp with © 
little fulphat. By digeftion with alcohol it is 

Vanf. 1803. p. 43. ’ Fourcjr. Spft. 4 c 9 Connaiff, w, p. 380. 
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two portion^ of which one is 
in'foiuDle and 'the ot^r. readily foluble in this 
fiuid. The form^ is fulphite of zinc already 


iTolution hy expofure to the air . Dccbmei 
covered with an iridefcent pellicle of pxyb. 
The mod ready way however of obtaining it U 


mentioned^ the latter- is Sulphur etteifulphiu xf by the decompofltion of the fulphat, or aTinoft 
le addition of fulphuric any of the other falts, by means of a carbonated 


zimc i it gives out oh the 
acid both fulphiir and fulphurous acid^ and to 
this are obvioufly owing all thofe properties of 
the compound fait by which it is dillinguiihed 
from the piire fiilphite* 

Nitric acidf moderately ftrong, is faid to be 
capable of inflaming zinc filings, and even when 
much diluted a£ts on this metal with great vio- 
lence, and widi a copious difengagement of ni- 
trous gas and nitrous bxyd. The folution is gene- 
rally of a pale greenifli yellow colour^and is highly 
caiiftic : by evaporation and cooling it depofits 
Nufrat cf zinc^ in comprefled, ftriated, tetrahedral 
prifms, terminated by tetrahedral pyramids. 
The fpecific gravity of this fait is a. 09. It 
abforbs moifture from the air, and deliquiates ; 
it is readily foluble both in water and alcohol. 
When laid on hot coals it melts and detonates 
rather feebly, giving out a faint reddilh flame ; 
when heated prr fe in an earthen crucible it is 
wdecompofed, giving out nitrous and oxygen 
gafles, and the metal remains behind in the 
llate of yellowilh oxyd. 

Muriatic acid adls with much rapidity on 
zinc, hydrogen gas of very confiderable purity 
being given out. The folution is clear and 
colourlefs : by evaporation and cooling it gela- 
tinizesp but cannot be made to cryllallize. 
When dillilled, there firft arifes a little ftreng 
and fuming muriatic acid, and then the muriat 
rf zinc itfelf pafles over in a half folid con- 
fiftence, on which account it is often called 
hutUr of zinc. This fublimcd muriat is of an 
opake white colour, and conGfts of minute 
prifmatic cryftals. It is fufible by a gentle heat, 
abforbs moifture from the air, and afliimes a 
gelatinous confiftence; it is not decompofable 
by mere water, and is very foluble both in this 
fluid and in alcohol : the alkalies decompofe it, 
throwing down a beautifully white oxyd. 

Oxymuriatic acid ^as inflames filings of zinc 
that arc thrown into it, and the refult is a mu- 
riat of zinc not differing from the preceding. 

Liquid phofphoric acid attacks zinc with effer- 
vefcence, hydrogen gas being given out : the 
phofpbat of zinc thus produced forms a white iii- 
foluble powder. This fait may alfo be procured 
by adding to the fulphat, nitrat, or muriat of 
zinc, any. of the neutral phpfphats. 

Water impregnated with carbonic acid a£Vs 
readily on eict^r metallic ^ zinc or its oxyds. 
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alkali ; a denfe white precipitate is thus formed, 
which, when well waflied and dried, is pure 
Carlonat of zinc. According to Bergman, lop 
parts of metallic zinc, when liifiblved in an acid, 
and precipitated by carbonated foda, afford 193 
parts of carbonat ; but Bergman’s precipitates 
were dried only at 212®, and therefore probably 
retain d a confiderable portion of water. Ac- 
cording to Prouft,® 100 parts of zinc aflbrd by 
folution in nitric acid and precipitation by car- 
bonated potafh, 180 parts of dried carbonat | 
in which refult the experiments of Dize and of 
Hecht, exaf^ly coincide: thefe 180 parts are 
reduced by calcination to 125 of mere oxyd, 
hence tlie component parts of this fait when 
thoroughly dried, are 

55 Zinc 
14 Oxygen 
31 Carbonic acid 

100 

The fluoric and boracic acids a£l; upon zinc, 
the former rapidly, the latter with difficulty, 
but the properties of thefe falts have not been 
examined. 

If zinc filings are digefted in diftilled vinegai*, 
they diflblve in this fluid with effcrvefcence, 
and the refult is ucetat ^ zinc s according to 
De Laffone, 1 2 ounces of vinegar take up only 
2 drams of zinc \ if however radical vinegar or 
acetic acid be employed, the above quantity of 
metal will be taken up by i of an ounce of acid. 
Flowers of zinc are alfo foluble with eafe in 
acetic acid, a confiderable degree of heat being 
excited during the procefs. The tafte of this 
fait is bitter and metallic. It cryftallizes in thin 
and fhining hexagonal and rhomboidal plates : 
when heated per fe in vl retort a part fub- 
limes with little alteration, except that it is 
whiter than before. When laid on hot coals it 
burns with a blue flame. . It is readily foluble 
in water and is decompofable by the alkalies, 
by the mineral acids, and by all thofe that form 
with zinc an infoluble fait. 

In coiifequence of the medical application of 
acetat of zinc, the following fa£ls may be of 
ufe to the praAitioner. The fpecific gravity of. 
a faturated folution of acetat of zinc made by 
digefting the cryftallized fait in diftilled vinega% 
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is = i«o55. Of folutipn 900 grains con* 
tain 53 grains of dry, or 82.6 grains of cryftal- 
liacd acetat. One ounce ^by meafure of the 
folution, weighs 506 grains, and contains 29.8 

5 grains of dry, or 4^5 grains of cryftallized 
alt. 

The fuccinic and benzoic acids form cryftal- 
lizable falta with zinc, the properties of which 
have not yet been examined. 

Oxalic acid diilblves zinc with confiderable 
efFervefccnce, and a white powder fubfides, 
which is Oxalai of %tnc. It may alfo be pre-» 
pared by adding oxalic acid to the fulphat, mu- 
riaty or nitrat of zinc. It is very fparingly 
foluble in water, uniefs an excefs of acid is 
prefentj it contains, according to Bergman, 
75 per cent, of metal. 

Citric acid in like manner diflblves zinc with 
eServefcence, and minute cryltalline grains are 
depofited of Citrat of xinc : they have a ftyptic 
and metallic tafte, are little foluble in water, 
and confift, according to Vauquelin, of 
50 Citric acid 
50 Oxyd of zinc 

100. 

‘ The falts formed by the other vegetable acids 
and zinc are very little known. 

There are two triple falts of zinc; the one 
formed by digefting filings of the metal in 
muriat or ammonia, the other by employing 
a folution of acidulous tartrite of potafh (cream 
of tartar). Neither of thefe falts is cryftalli- 
zable, nor are they decompofed by the pure or 
carbonated alkalies. 

The neutral and earthy falts are many of 
them decompofable by zinc. Nitre and the 
other falts l^longing to that genus detonate 
rapidly when heated with zinc. The alkaline 
fulphats are converted into fulphurets ; and 
muriat of ammonia is decompofed, ammoniacal 
ps being given out, and the acid combining 
with the oxyd of zinc. 

Very little affinity appears to exift between 
zinc and fulphur. As long as the former re- 
tains its metallic (tate it cannot be made to 
combine with fulphur by fufion or in any other 
way. If zinc filings and flowers of fulphur be 
made into a pafte with water, a decompofition 
of this latter will take place, the metal will be 
oxydiked, hydrcMn gas will be given out, but 
the refidMt mads will be a mere mixture of 
fulphuinmd oxyd of zinc» A mixture of flow- 
ers of zme and fulfdiur combine by fufion into 
d yellowifli 4 >rown mafs, whidi iiais been com- 


pared to blende. The alkaline fuIpIluve^ 16^ 
melted with oxyd of zinc afnd atterwardsrrdif- 
folved in water, let go the greateft part of the 
oxyd unaltered, they retain however a very 
fmall portion. Water faturated with ftilphu- 
retted hydrogen decompofes after fome time 
the falts of zinc, -forming a yellow precipitate, 
which is probably a hydrouilphuret. rroufl 
propofes the ufe of this re-agent to purify zinc 
from copper and iron : the mixture being dif- 
folved in dilute nitric acid and duly neutralized, 
the hepatic water is to be carefully added till it 
ceafes to produce a black precipitate; this is 
hydrofulphuret of copper, and may readily bef 
feparated by filtration ; to the clear liquor now 
add more of the hepatic water as long as any 
yellow precipitate falls down ; this is the zinc : 
the iron remains in the folution. 

Hydrogen appears capable of taking up a 
minute portion of zinc when it is produced by 
the rapid a£lion of dilute fulphuric acid on this 
metal : this hydrogen burns with a fomewhat 
brighter flame than common hydrogen. 

Zinc combines readily with phofphorus, as 
Pelletier has ihown, bv adding to zinc, when in 
fufion and covered witn oil to prevent oxydation^ 
a few pieces of phofphorus. The phofphuret of 
xinc thus produced is of a whitiih colour and a 
metallic luftre not unlike lead. It is fomewhat 
malleable, exhales a phofphoric odour by 
friflion, and in a high heat burns like common 
zinc. Phofphorus a^o combines with the oxyd 
of zinc : if a mixture confiding of 6 parts oxyd 
of zinc, 6 parts vitreous phofphoric acid, and 
1 part of charcoal powder, is drongly heated in 
an earthen retort, a filvery-white vitreous mat- 
ter is fublimed, which, according to Pelletier, is 
phofphorized oxyd of zinc. 

Zinc combines with many of the other metals, 
forming alloys, die greater number, of which 
have been already described. 

Zinc and antimony unite by fufion, forming 
a compa£l; homogeneous britde mafs, of an alh- 
grey^ colour, and of lefs denfity than the mean 
of its ingredients. 

Zinc with copper forms feveral important 
alloys, for an account of which fee Brass and 
Copper, alleys of. 

Zinc and Gold ; fee Gold, alloys of 

Zinc unites with iron by fufion, out not very 
eafily on account of its volatility ; the refult is 
a hard fomewhat malleable alloy of a white 
colour approaching to that of filver. Iron plate 
may alfo be covered with zinc in the fame 
manner as it is with tin. _ 

Zinc and Lead ; fee Leap, afibys ofi 
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^Shjb* aW tin combine b^fuliody fomiing a 
dudUe^alloy^ harder than zinc and of a better 
colour. 

Zinc and Mercury | fee Merco&Tj alloys of. 

Zinc forms with filver a bluilh- white brittle 
alloy of a granular texture. 

rfhe ufes'of zinc in its various forms are 
conliderable. In its metallic ftate it is employed 
by the Chinefe for coins, and has been propofed 
in this country as a fubftitute for lead and tin 
in forming and lining various culinary veflels : 
this however is extremely injudicious as 
zinc is remarkably foluble in all acidsj and all 
its falts are violent emetics. In combination 
with copper it forms brafs and all the ufeful 
and ornamental gold coloured alloys. Its fub- 
Itmed oxyd has been ufed in oil painting as a 
fubftitute for white lead : it has not indeed the 
denfity of common white paint, and therefore 
one or two more coatings are required of the 
former than of the latter, but in return it is not 
liable to be blackened by fulphureous vapours, 
and is entirely free from the deleterious ene£bs 
of lead paint. Of the falts of zinc the fulphat 
is largely ufed by varniihers, &c. to make oil 
drying, and this together with the acetite is 
employed in medicine. In the laboratory the 
chief ufe of zinc is to procure hydrogen gas 
by the folution of it in the fulphuric or muriatic 
acids. 

ZIRCON'. Jargon or Jargoon. Hyacinth. 

Werner and his difciples make two feparate 
fpecies of the zircon or jargon, and hyacinth i 
but from the analyfes of Klaproth and Vauque- 
lin, and the cryftallographical refearches of 
Hauy, it is evident that the two fpecies ought 
to be confolidated into one. The colour of 
this mineral is pale greyifh-whitei fmoke*grey, 
and greenifli-grey, leek-green and olive-brown, 
alfo pale wine-yellow, orange-yellow, bluilh-red. 


blood*red, and reddilhbrown. It occurs in 
fmall rounded pieces and crvllallized. Its pri- 
mitive form is an o£kohedron with ifofceles 
triangular faces : the angle formed at the 
common bafe of the pyramids is = 82" : $0'. 
It prefents alfo the following varieties of cryf- 
tallizarion. 

I. The rhomboidal dodecahedron. 

а. The fame as the preceding except that 
the fides of the prlfm are hexagons inftead of 
rhombs. 

3. Var. a. with the common edges of the 
'pr£lm and terminating pyramids truncated. 

4* Var. 2. with the lateral edges of theprifm 
truncated. , 

5. A combination cf the two preceding 
varieties, that is var. a. with all the edges of 
the hexagonal faces truncated. 

б. A Itrait tetrahedral prifm terminated by 
tetrahedral pyramids. 

7. The preceding with the folid angles at 
the bafe of the pyramids truncated. 

8. Var. 6. with both the folid angles and 
common edges of the prifm, and terminating 
pyramids truncated. 

The cry dais are fmall and very fmall ; exter- 
nally they are fmooth and fhining ; internally 
both the crydals and rounded pieces have a 
brightly ihining luftre, between adamantine and 
vitreous. The fra^ure is foliated palTing into 
flat conchoidal : the fragments are indetermi- 
nate and (harp edged. It varies from tranflu- 
cent to tranfparent, and is doubly refra£ting in 
a high degree. It is hard enough to fcratch 
quartz, though with difficulty. It is brittle 
and eafily frangible. Sp. gr. 4.38—4.62. 

It lofes its colour but is infuflble per je before 
the blow-pipe. The following are the analyfes 
that have been made of this mmeral. 


Jargon of Ceylon. 
Klaproth 
68 . - 

3^5 “ 

o.s - 


Hyactnihf Ceylon. Do. ^ 

Klapr. Vauquelin 

70. — 64.5 

25. — 32. 

0.5 — 2. . 


Hyacinth of Expaillj. 
Vauquel. 

— 66. Zircon 

— 31. Silex 

— - a. Oxyd of Iron 


xoo. 
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It occurs in the beds of rivers in Ceylon 
mixed with magnetic fand, ruby, tourmaline, 
^phire, &c. alfo in the fand of the brook 
Expaillv in Auvergne ; near Meronitz and 
Hoi tennein in Saxonjr ; at Schelkowitz in 
Bohemia imbedded in tiap ) and at Friedrich* 
Ichwam in Norway. 


The yellow and finoke coloured v^rictiM 
are called by the jewellers jargoons, and are 
not unfrequently paffiid ofiT as diamonds : the 
orange-red varieties are cidled hyacinths. Ihe 
commercial value both of one and the other ia 
confiderably inferior to that of the diamond 
and all the oriental gems. 

3 «* 
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ZIRCON (E^rth). 

’ This earth was firft difcovered by KIaproth«^ 
^nd its leading properties have fince been care-p 
fully inveftigated oy Vauquelin^. It is ob- 
tained from the jargon or hvacinth (fee the 
receding article; by the following procefs* 
Tlie mineral being very accurately pulverized 
is to be mixed with fix times its weight of per- 
feffly qauftic potafh diilblved in a little water. 
The mafs being evaporated to drynefs in a filver 
crucible is to be kept at a low red heat for two 
hours : after this being allowed to cool it will 
be found ilrongly adherent to the crucible, and 
muft accordingly be covered with lo or 12 
times its weight of water, to which mud then 
be added a fufEciency of muriatic acid in order 
to fuperfaturate the alkali. By a gentle di- 
gellion the whole of the mafs will be diflblved, 
and the clear folution is to be evaporated flowly 
to drynefs, dirring it about all the time to faci- 
litate the feparation of the filex. The refidue 
of the evaporation is now to be digeded with a 
moderate quantity of water (lightly acidulated 
by muriatic acid, which will take up the zircon 
and oxyd of iron, leaving tlie (ilex behind. 
T'his evaporation and re-folution in very dilute 
muriatic acid is to be repeated two or three 
tinges that every particle of filex may be fepa- 
rated. To the muriatic folution is now to be 
added carbonat of ammonia, which will at 
iird occafion an abundant precipitate, but by 
adding an excefs of the alkali the whole of the 
zircon will be re-diilblved and the oxyd of iron 
will fall to the bottom. The clear filtered 
liquor is to be boiled for two or three hours, by 
which the excefs of ammonia will be driven off, 
and the zircon will be depoiited in the date of 
carbonat, and in the form of a white powder. 
This powder being wadicd and properly dried 
is afterwards to be calcined, by wnich about 43 
per cent, of water and carbonic acid will be 
driven o(F, the remainder being pure zircon. 

Calcined zircon is of a white colour, is rough 
to the touch, is infipid and infoluble in water. 
Its fp. gr. is = 4.3. After being expofed to 
an inteqfe heat in a charcoal crucible it ac- 
quires a grey colour, a vitreous frafture, and is 
hard enough to give fire with dccl. When pre- 
cipitated by caudic alkali from its acid folutions 
It retains about I of its weight of water, in 
confequence of which, after drying in the air. 


It acquires the femi-traniparence of 
yellow colour, and a conchoidal vdreoqs frliG- 
ture.^ Sulphuric acid combines with zircon, 
forming an infipid pulverulent fait, infoluble in 
water, but readily decompofable by heat, and 
even by long^ boiling in water. If this infoluble 
fulphat it digeded in dilute 'fulphuric acid it 
dillolves, and by cautious evaporation may be 
brought to crydallize in needles: in this date it 
is decompofable by water, the excefs of acid being 
abdra£ted. The alkalies and alkaline earths 
decompofe fulphat of zircon, but the nitric and 
muriatic acids do not, though they dillblve it 
readily. When heated in a retort with char- 
coal its acid is decompofed, and by di^ding 
the fulphuret thus formed in water it dinblves, 
and the folution, by evaporation, affords cblour- 
Icfs tranfparent crydals ; their flavour is drongly 
fulphureous, but their other properties have not 
been afeertained. 

Nitric acid combines eafily with zircon, efpe- 
cially if this latter is moid and recently preci- 
pitated. This fait has always an excefs of acid : 
It is not crydallizable but is reduced by evapo- 
ration to a vifeid gummy confidence : to the 
tade it is dyptic and adringent. It is decom- 
pofed by fulphuric acid, an infoluble fulphat 
being precipitated. Gallic acid occafions in it 
a white precipitate, as alfo does hydro*>fulphu- 
retted water and hydro-fulphuret of ammonia. 

Muriatic acid readily takes up zircon from 
the carbonat, but does not touch this earth 
after it has been calcined. It is foluble in 
water and alcohol, and by evaporation may be 
obtained in needle-fliapcd crydals. It is decom- 
pofed by the fame fubdances as the nitrat, and 
affords white flocculent precipitates with the 
phofphoric, nitric, oxalic, and facchola£tic 
acids* 

Zircon is infoluble in the moid way by the 
fixed alkalies cither caudic or carbonated, but 
is taken up (as we have already mentioned) by 
carbonated ammonia. 

When mixed with filex and alumine it is 
fufibie by a high heat into a white porcellanous 
mafs. 

In its affinities for the acids it is decidedly 
inferior to the alkalies, the alkaline earths, and 
even to alumine. 

Neither the earA nor its falts are made any 
ttfe of. 

Joiirn. det Minci, Mo. 05. 97* 


Asalji. Sir. 1 . p. X7J. 
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Cerium*. 

The fubftance called cerium by Hifenger and 
Berzelius, two Swedifh chemiftt, and ochreitcs 
by Klaproth, is an earthy powder of a white, 
ycllowilh, or reddifli-brown colour, and is con- 
fidered by the former, with whom Vauquelin 
alfo coincides, as the oxyd of a new metal, 
while it is regarded by Klaproth as an earth, 
which, like yttria, holds a fort of middle rank 
between the proper earths and metallic oxyds. 
Upon the whole we incline to the opinion of 
Vauquelin, and (hall therefore in the following 
article conlidcr cerium as a metallic fubllance. 

§ I. Ores. 

Sp. I- Cerite. OchroUe of K}2Lproth. Reddi/b 
Tungjlen of Schecle. Falfe Tungden of Elhuyars. 

Its colour is between rofe and flelh-red, red- 
dilh-brown and clovc-brown ; it occurs maflive 
or difleminated. Its frailure is compadl fplin- 
tery. Internally it is rtiining. It varies from 
femi-tranfparent to opake. It fcratches glafs, 
and gives fire with difficulty when (Iruck 
agaiiift the fteel. It is brittle and eali I y fran- 
gible. Sp. gr. 4.53 — 

Before the blow-pipe it is infulible, but be- 
comes friable, and acquires a brown colour 
according to Klaproth, but a yellow one ac- 
cording to Vauquelin. It is very fparingly 
foluble in glafs of borax. 

Two varieties appear to have been analyfed : 
that by Klaproth was opake, and became 
brown by calcination ; that by Vauquelin was 
femi-tranfparent and became yellow by calci- 
nation. The refults are as follow : 

Klapr. Vauq. 

54.5 — 63. Oxyd of Cerium 

34. — 17.5 Silex, 

4. — 2. Oxyd of Iron, 

o. — 4. Lime 

r. _ 12. Water . 

: , 97 -S 98 5 

It occurs at Baftnacs, near Riddarhyttan, in 
Sweden, in gneifs, accompanied by copper 
pyrites,, bifmutli, and luolybdena, hornblende, 
aflynolite* . 

^ *' *Nich. Jve. viiv p. 107. 


$. Analjfis. 

The analyfis of cerite is upon the whole bed 
condu£):ed in the following way. 

a. Having minutely pulverized the ore, weigh 
it, then ignite it and weigh it again ; the diffe- 
rence may be fet down as the amount of water. 

h. Digefl: the calcined ore in repeated por- 
tions of nitro-xtiuriatic acid, and when nothing 
further is taken up fufe the refidue with cauftic 
potafh ; then diflblve out the mafs by muriatic 
acid, evaporate to drynefs, and digeft again in 
very dilute muriatic acid ; the infoluble refidue 
is &ilex. 

c. Add together the muriatic and nitro-muri- 
atic lolutions, and decompofe the whole at a 
boiling heat by faturated carbonat of potafli* 
Rcdiffblve the whole in as little muriatic acid 
as poffible, heat the folution to drive off the 
lad remains of carbonic acid, and add perfe£IIy 
cauftic ammonia till there is an evident excefs* 
Separate the precipitate and add to the clear 
liquor as much muriatic acid as will faturate it, 
and then throw down from it the Lime in the 
ftate of carbonat, by means of a mild alkali. 

d. The ammoniacal precipitate confifting of 
the oxyds of cerium and iron, is to be diflblved 
in muriatic acid, and lic^uid hydrofiilphuret of 
potafh is to be dropped in till the precipitate, 
which at firft will be greenifh, becomes white. 
The clear liquor being feparated and treated 
with carbonat of potafh, affords a white preci- 
pitate, which is carbonat of cerium. 

e. The greenifli precipitate is to be diflblved 
in' as little muriatic acid as poffible, and the 
folution being neutralized by an alkali to the 
point of precipitation, fulphat of foda is to be 
added, which will throw down a fulphat of 
cerium. The refid ual fluid being then decom- 
pofed by ammonia depofits oxyd of Iron. 

f. The fulphat of cerium {e) is .now to be 
boiled with thrice its weight of carbonated 
foda, by whith it will be converted into carbo- 
nat, which is to be diflblved in dilute muriatic 
acid, and again precipitated by carbonat of pot- 
afh or of foda. 

g. The carbonats of cerium {d and f) are 
now to be calcined, by which the pure brown 
oxyd of Cerium will be obtained. 

Am. dc Chiai. Ur. p. al. 
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§ 3. PAjifical and Chemical Ptt^periies* 

Pure cerium does not appear to have been 
yet obtained in the metallic form} in Klaproth^s 
experiments the oxyd when inclofed in a char- 
coal crucible, and fubjedled to the intehfe heat 
of a porcelain furnace underwent no alteration. 
Vauquelin, however, by mixing the tartrite of 
cerium with a little oil, lamp-mack and borax 
fucceeded in obtaining a few minute globules 
of a metallic appearance, which appeared to be 
an alloy of cerium and iron. 

The precipitate from any of the falts of 
cerium by means of a caudic alkali is the metal 
in its lowed date of oxydation. Its colour is 
whiter by expofure to the air it acquires a 
yellowifli tinge in its progrefs towards the date 
of perfect oxyd, but as it abforbs at the fame 
time carbonic acid it cannot by this procefs 
arrive at its ultimate term of oi^dation. When 
expofed to the blow-pipe it pades rapidly into 
perfedl oxyd, and acquires a reddifh-orown 
colour, but undergoes no further change. 
When mixed in fmall proportion with borax it 
forms a greenidi-yellow tranfparent globule, 
which, by the exterior flame, becomes blood- 
red, and by long continuance of the interior 
flame becomes colourlefs. 

The fixed alkalies when digeded with heat 
on the brown calcined oxyd change its colour to 
white, and bring it to the lowed term of oxyd- 
ation, but do not diflTolve any of it. Ammonia 
has a fimilar efkCk on the uncalcined oxyd. 

Sulphuric acid, diluted with four times its 
weight of water .and digeded on the per-oxyd 
of cerium fird communicates to it a brilliant 
crydalline appearance, and at length, if the acid 
is cohfiderably in excefs, forms a complete 
folution of it: this folution, by very gentle eva- 
poration, depofits minute orange coloured cryi^ 
tals, fparingly foluble in water, and of a fweet 
acidulous tade. If the carbonat or fub-oxyd 
of cerium, is employed, the refult is a very pale 
’l^ofe coloured folution which ./crydallizes with- 
out difficulty: this latter fulphat contains no 
excefs of acid, and has merely a faccharine 
tade. The fame fait may be produced by 
double affinity ; if fulphat of foda is added to 
the nitrat or muriat of cerium a crydalline pre- 
cipitate falls down, which is the fait in quedion. 

Nitric acid, affided by heat, dillblves eafily 
either of the oxyds, forming a yellow Iblution, • 
which cannot be made to crydallize $ the fait 
however may be obtained by gentle evaporation. 
It has a fi^ewhat pungent faccharine tade ; is 
foluble in livice its weight of alcohol, and when 


expofed to heat it melts, is decompofed, and a 
biick-red Qxyd remains behind. 

Muriatic acid when digeded on the per- 
oxyd of cerium exhales an abundance of oxy- 
muriatic acid gas \ the oxyd is by degrees dif- 
folved, forming a pale rofe coloured folution, 
which, when evaporated to the confidence of 
a thick fvrup, depofits a confufed mafs of ciyf- 
tals. This munat has a fweetidi flavour, is 
foluble in three or four times its weight of 
alcohol, and when decompofed by dry didilla- 
tion, there comes over oxymuriatic acid, and^a 
white fub-oxyd of cerium remains in the retort. 

Any of the preceding falts are decompofable 
by the alkaline carbonats, fuccinats, phofphatSj 
tartrites and oxalats forming white precipitates, 
the properties of which have not yet been 
invedigated. 

Neither t!n£^ure of galls nor hepatic water 
produce any decompofition of the above falts of 
cerium, but the liquid alkaline hydro-fulphurets 
throw down a yellowidi-white precipitate ; and 
pruffiat of potadi a milk-white one, provided 
no iron is prefenr. 

No ufe whatever has been made of cerium 
in any form. 

SCHORL, {omitted by miftale in its proper 
place). Tourmaline. Cockle of the Cornijb 
miners. 

Werner divides this mineral into two fub- 
fpecies, one of which he calls the black and the, 
other the ele£tric fchorl. But as both of them 
are ele£trical, and as the diflferences between 
them are very trivial, we have thought bed to 
follow the example of Hauy, and confider 
them as forming only one fpecies. 

The colour of this mineral is greyidi-white ; 
leek, olive, and pidachia green \ liver-brown, 
yellowidi and reddidi-brown ; hyacinth-red, 
crimfon-red ; violet-blue, iky and indigo-blue % 
velvet-black. It occurs in mafs, difleminated, 
in rolled pieces and crydallized. Its primitive 
form is an obtufe rhomboid, the larger plane 
angles of which meafure 113^ 34 41 • The 
a£lual forms that it prefents are the following. 

1. A nine-fided prifm, terminated at one 
extremity by fix, and at the other by three 
facets. Of the fix facets^ three are hexagons, 
and three triangles. 

2. A twelve-fided prifm terminated at each 
extremity by the fame number of facets as the 
preceding. Of the fix facets, three are hepta- 
gons, and three trapeziums. 

3* A nine-fided prifm, terminated by. the 
fame number of facets as the preceding. Ot 
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die fix facets* three are heptagons* and three 
rhombs. 

4. A nine-fided prifm* terminated as above. 
Of the fix facets* the three larger are hexagons* 
and the three fmaller irregular heptagons. 

5. A nine-fided prifm* terminated at one 
extremity by feven* and at the other by three 
facets. Of the feven* fix are alternately rhombs 
and parallelograms furrounding an equilateral 
triangle. 

6. A nine-fided prifm* terminated as the 
preceding. Of the feven faces* fix are alter- 
nately triangles and pentagons furrounding a 
triangle. 

7. A twelve-fided prifm* with nine faces on 
each fummit. 

8. A nine-fided prifm* with nine faces on 
one fummit, and three on the other. Of the 
nine faces* three are rhomboidal* and form the 
terminating pyramid, the other fix are formed 
by truncatures of the common bafe of tlie pyra- 
mid and prifm. 

9. A nine-fided prifm, one of the fummits of 
which is unknown, the other is a pyramid com- 
pofed of three lengthened hexagons with two 
trapeziums intervening between each. 

10. A nine-fided prifm* one of the fummits 


of which is unknown ^ the other is compofed 
of 15 faces* viz. three pentagons* three triangles* 
diree rhombs* and fix parallelograms. 

11. A twelve-fided prifm* one of the fum* 
mits of which is unknown* the other is com* 
pofed of 19 facets. 

12. A twenty-four fided prifm* one of the 
fummits of which is unknown* the other is 
compofed of fix facets* alternately large and 
fmall. 

The prifms are generally long in proportion 
to their thicknefs* and longitudinally ftriated. 
The internal luilre is more or lew (hining* 
between vitreous and refinous. The longitudi- 
nal fra£lure is conchoidal* paifing in the black 
varieties to coarfe-grained uneven} the crofs 
fradlure has a tendency to foliated. It varies 
from tranflucent to opake. Its hardiiefs is 
about equal to that of quartz. It is eafily 
frangible. Sp. gr = 3-09— 15. 

Before the blow-pipe it is fiifible by itfelf* 
without much difficulty. By fri£lion it exhi- 
bits the vitreous ele£lricity at each extremity } 
by heating* one end exhibits the vitreous, and 
the other the refinous electricity. The follow- 
ing are the principal analyfes that have been 
made of it. 


Black S. 
in mafs. 

i 

. D^Cryftal- 
lized. 

JL. 

Tourmaline 
from Tyrol- 

D° from 
Ceylon. 

D® from 

Brafil. 

Green D® 
from Brafil. 

" V 

Gerhard 

40. 38. Silex 

40. 

Bergman 

37- 

34. Silex 

Vauquelin 

40. Silex 


20. Aluminc 

42. 

39- 

50. Aluminc 

39. Alumine 

15. 

20. Lime 

12. 

15 

1 1 . Carb. Lime 

3.84 Lime 

x8. 

19. Iron and 

6. 

9- 

5. Ox. Iron 

12.5 Ox. Iron 


Manganefe 

100. 

100. 

100. 

2. Ox. Manganefe 

98. 

97- 



ssssss 
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Schorl occurs in primitive rocks, efpecially in 
gneifs and granite* in micaceous and argillaceous 
fthiftus. It often is imbedded in quartz* but 
never, we believe in felfpar. The opake black 
varieties with a granular fraCture are called 
fchorl* the others are called tourmaline. 

Tourmaline is found in Ceylon* Madagafcar*, 


Daouria* Ava* Brafil* Spain* Switzerland* 
Sweden, Norway* France* Scotland* and Sax- 
ony. Schorl is more abundant* in Europe at 
leaft, than tourmaline is* and is found in molt 
of the 'granitic and micaceous diftriCts. 

Tourmaline is fometimes cut into ring-fiones* 
but its cpmmercial value is very fmall. 
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DESCRIPTION OF THE CHEMICAL APPARATUS MOST FREQUENTLY 
USED FOR GENERAL PURPOSES, WITH 
REFERENCE TO THE PLATES. 


AciD-IIOLDER. pi. I. Fig. 12— VI. 66. 

This is a fmall glafs pliial, the mouth of 
which is clofcly fitted into and inverted over 
the neck of a retort or other veficl, and is fur- 
nifhed with a glafs ftop-cock. Its ufe is to drop 
any acid or other liquor gradually into a retort 
or other vefTel in which any procefs is going 
on, without admitting the external air or de- 
ranging any other part of the apparatus. The 
quantity ot acid dropped in is regulated by the 
llop-cock. 

As the common acid-holders (Fig. 12) have 
no communication with the external air, it is 
difficult entirely to regulate the fall of the acid, 
on which account we have given Mr. Pepys’s 
improvement to it (Fig. 66) that has another 
glafs ftopper at the upper end, by opening 
which the dropping of the acid may be oom- 
plctely regulated. 

ADOP PER. PI. I. Fig, 3. 

This is a hollow glafs vcflbl of the form of a 
{phulle, the ujiper part of which receives the 
beak of a retort, and the lower part enters the 
neck of a receiver, at fliewn in the plate re- 
ferred to. 

Its ufc is to increafe the diftance between 
the two, and thus to facilitate the condenfation of 
the heated vapour, which is often of importance 
where the vapour is not readily condenfible, 
and the receiver liable to be heated by the fire. 

AIR-HOLDER. See Gazometer. 
AIR-FURNACE. Sec Founace. 

ALEMBIC. See Distilling Apparatus. 
AI.UDEL. PI. ir. Fig. 36. 

This is an old apparatus for fublimation, 
confiding of any number of earthen pots of the 
form reprefented, the upper fitting into the 
lower, and the lowed of all entering into a 
round crucible or arty other convenient veflel 
in which ahe fubdance to be fublimcd is heated. 
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Aludels however are now almod entirely dif- 
ufed, almod all fublimations being performed 
only in two veflcls, viz. the lower one in which 
the material is heated, and the upper, which 
receives the fublimate ; it having been found that 
where aludels were employed, almod all the fub- 
limate that could be coUc£lcd at all, was de- 
tained in the fird veficl i and another incon- 
venience of aludels is that the fublimed matter 
if accidentally detached is very liable to fall 
down again into the crucible. 

AREOMF.TER. Sec Specific Gravity. 

ATHANOR. See Furnace. 

BALLOON. PL II. Fig. 39. r. 

This is fimply a large glafs globe with a plain 
neck of moderate length, and anfwers a variety 
of purpofes. 

BALNEUM. 1 

BATH. j A bath or balneum in 
cbemidry is (like a common warm-bath) an 
intermede by which any body immerfed in it, 
totally or partially, may be heated more uni- 
formly and moderately tiian from diredl contact 
with the fire. The common balnea in chemif- 
try arc veflcls filled cither with water or fand 
and fet immediately over the burning fuel. 

The Common Water Bath cannot receive r 
greater heat than 212°, and it will not raife the 
temperature of any fubdance immerfed in it, 
quite fo high. It is fometimes attached to an 
alembic. (PL II. Fig. 34.. b.) 

It is partisularly ufefiil in evaporations of 
animal or vegetable matter, where the produA 
would be altered and fpoiled by a fcorching 
heat, and in fuch cafes an evaporating veflel fet 
in any iron pan full of water over a fire, will 
often anfwer every purpofe, care being taken to 
fupply water as it evaporates. 

A greater heat is given by the SandSath 
(PL I. Fig. 10— VIII. 8a— X. & XI. Fig. 
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K. L.) which confifts of an iron pot funk 
into a furnace, aiul filled with fand. It takes a 
longer time to heat than the water does, and the 
heat is much Jefs uniform through the fand, 
being coiifidorably greater at the bottom of the 
fand than at the top. 'fhe utnioil heat ufually 
given to the fand-bath is that of low rednefs, 
and it has the advantage of keeping very hot for 
a long time, without any additional fuel. 

Ill a few in (lances (hong brine, or mercury, 
are ufed as balnea. The former when boiling 
is confulerably hotter tlian liniple water, fo 
that water immerfed in boiling brine may be 
brought fully to the boiling point. Mercury 
will receive a much greater heat, and it 
perhaps might be more frequently ufed with 
advantage than it is at prefent, for heat pe- 
netrates through it w'ith much more rapidity 
than through water, and every vcflel uied in 
chemiftty with their inatcvials, wdll float upon 
its furface. The mercury Ihould be in an iron 
pan, and fliould be kept much below its boiling 
or evaporating point. 

The terms w^ater and mercury bath arc often 
ufed, though not quire corrc<Elly, for the Pneu- 
matic Troughs of tliefe Iluids ufed in ope- 
rations on gaifos (which fee). 

BELL GLASS. BELL RECEIVER. PI. I. 
Fig. 17.— IV. 52. 

'This is a very ufeful form to be given to large 
glafs vcllels in a variety of experiments on gafics, 
particularly wlierc any vacuum is produced, as 
the vaulted form of the vcflel refills ihc great 
force of atinofpherical preflure. It is therefore 
employed in experiments with tlic air-pump. 
BLAS r FURNACE. See Furnace. 
BLOW-PIPE. PL VIL 

When a fmall jet of air is direflcd laterally 
into the middle of tlic flame of a Limp or candle, 
a portion of the flame is iliver:ed in tlie divc^^ion 
cf the jet, and forms a long llender cone of 
flame, the heat of which increafes towards the 
end of the cone, and at the very point its in- 
tenfily is extreme. This affords a mod conve- 
nient way of Jic.nting in a very high degree with 
a mofl cheap and Ample apparatus, and alrnofl: 
inftantaneoiifly, any fubflancc minute enough 
to be involved by the flame, a id of performing 
a vaft number of experiments by which tlie 
nature of fubflances may be difeovered, though 
the*a£lual quantities employed are 
minute to enable the cliemifl to al'certain rela- 
tive proportions with accuracy. 

The mftrument by which the jet of air is 
produced\ is called the blow-pipe, of which 
there arc fcvcral kinds. The moll common is 


that ufed by the mouth, and need not be more 
than a tube of brafs or any other material, bent 
near the end the furthell from the. mouth, and 
drawn out fufficiently fine to keep up a conflant 
rapid Itream of air by the fupply that the mouth^ 
is able to furnifh. 

But as in the courfe of blowing, the moiftiirc 
of the breath is apt to condenfe in a troublefome 
quantity, an improvement has been adopted of 
making a bulb near the fmall end of the pipe, 
which, to render it more portable, is divided 
through the middle, and the two parts ferew 
together when ufed. Fig. 73 /i ^ is a common 
brals blow-pipe of this kind, and inftead of the 
pipe itfelf terminating in a fufficiently fmall 
opening, a feparate jet-pipe (Fig. 72) is flipped 
on, of which there are two or three tliflerent 
fizes in the bore, according as a larger and more 
moderate, or a final Icr and more intenfe flame 
is required. 

Fig. 71 is a blow-pipe of the fame kind, but 
dill more convenient. It contains, like the for- 
mer, a circular enlargoinciit to condenfe tlie 
moiilure, but the 1 mailer eml d is moveable in 
any tlireclion round the center r*, wliercby any 
degree of obliquity may be more conveniently- 
given to tlie flame. The jet pipe. Fig. 72 is ufed 
as in the lait, and an ivory mouth piece, by Hips 
on the larger cud, being pleafanter to the lips. 

The bell kind of flame for blowing through 
with the comnu)u blow-pipe is a w'ax or tallow 
candle with a very large wick, which (hould be 
kept fnufied moderately low, and the wick 
turned a little afidc Irom the pipe. A fpivit 
lamp is fomclimes ufetl, which makes a per- 
fe£lly clear flame \vithout fmoke, but weak 
when ufed in tliis w-ay. There is a kind of 
knack in blowing with the mouth, which is not 
cafily deferibed, and requires a little pradlice to 
be performed with eafe. As the flame mull 
often be kept up for feveral minutes, the a£l of 
refpiration mult bo carried on through tl:e 
noflrils without interruption, and the (Irefs of 
blowing mud be performe*! merely by cor.t- 
preffion of the cliecks upon the air in the mouth. 

The fubllance to be heated is pi ced either 
on a piece of charcoal or a metallic fupport. 
When the former is ufed, a large clofe well- 
burnt' piece of charcoal mud be chofen, a fmall 
Iballow hole fcooped out with a knife, and the ' 
fubllance laid upon it. The charcoal ' itfelf 
kindles all round the hole, and the hole is thusi 
gradually enlarged 5 and the heat too is kept 
lip round the fubdance much more uniformly 
than when a metal fupport is ufed. At the 
fame time however the chemical effcdl produced 



BLO 


BLO 


( 313 ) 


hy heated charcoal fhould not be forgotten, par- 
ticularly the -vcdudlion of metallic oxyds, and 
the deoxygenation of the fixed acids; fo that, 
•for example, a fttall heap of minium or litharge 
heated red-hot mi charcoal by tlic blow-pipe, is 
fpeedily reduced to a globule of metallic lead ; 
the phofphats are partially reduced to phofphu- 
rets, &c. 

For a metallic fupport, platina is in general 
by far the beft material. A final I fpoon of 
this metal is reprefented of the real fize in 
Fig. 7-1-; the ihank of which may be (luck in a 
cork when held. Fig. 70 is a fmall lilver cup, 
nifo of the real fize, the fliank of which is 
fixed into a wooden handle. Fufions with 
borax or alkaline fluxes may be performed 
in them. Fig. 75 is a fmall forceps lately 
brought into ufe, and made entirely of two 
thin pieces of platina joined by rivets and 
bent in the manner reprefented. Any fmall 
Jiard fubdanco may be held by them in the 
blow-pipe flame for any length of time with- 
out danger of the points of the forceps melting, 
and it is also found that this metal is fo nuich 
worfe a conductor of heat than any other, that 
the forceps never get too hot for the naked 
lingers to touch at the bend. 

In the common way of ufing the blow-pipe 
there is this inconvenience, that one hand of the 
operator is employed in holding the pipe, and 
the other, the fupport; fo that he cannot turn, 
or in any way manage the fubllancc heated, nor 
trim ihe lamp without Hopping the procefs. 
Several contrivances have been employed for 
fupporting one or the other, and giving the ope- 
rator tjic free ufe of one or both his hands, fome 
of which are comj^licated enough, efpecially 
where a candle is ufed, as in this the height of 
the flame is always altering as it burns away. 
'J'hc little apparatus. Fig. 76, is perhaps as 
corivcnicnt as any, where a lamp is ufed. The 
kind of lamp here reprefented is of the fliape of 
a flipper, and when employed by the glafs- 
blowers, the wick is a large fkein of cotton, 
and the hlaft is made by double bellows that 
arc fixed beneath the table and worked by the 
foot of the art) ft, who fits before the lamp, and 
thus has both his hands and mouth at liberty. 
The fmoke given out by this kind of lamp is 
fo much that it is ncceflary tq have a fmall 
iron chimney with a flue hanging juft above it. 
(Sec the ;irtic!c G/a/st Vol. i. p. 503.) 

Another method of keeping up a continued 
ftream of air without either the mouth or bel- 
lows. is to fix a blow-pipe tube to the air tube 
of a gazemetcr, PI. V. Fig. 61 & 2. ^ filled with 


common air, and the ftrength of the jet may be 
increafedby lefleningthe counterpolfing weights. 
(See the article Gnzometer. ) The fame appara- 
tus alfoaflbrds an opportunity of giving in a imall 
fpace the higheft polRble heat that comb uft ion 
can procure, by fubllituting oxygen gas to com- 
mon air in the gazometer. Hence it is of 
advantage to have the jet pipes tipped with 
platina, for if they are of brals, they are liable, 
without confiderable care, to melt down by the 
inteniity of the heat produced, or if of iron, 
they might readily he burnt. Some of the 
efle£fs of this intenle heat on refra<!ilory bodies 
are related under the article O.vv^^tv;. 

A very ingenious b!o\v-pipe lias been iii- 
vcMitcd (wc believe by Mr. Paul of Geneva, 
known by his excel! jiit preparations of the ar- 
tificial niineral waters) which confilLs in palfing 
the vapour of boiling alcohol through the flame 
of a lamp, whereby it is kindled, and produces 
a very large cone of clear blue flame, perfedlly 
free from fmoke, and of fuflicicnt inton fity to 
melt fmall cjuantiiics of glafs for barometers 
and thermometers, and for many other ufeful 
purpofps. Every part of this apparatus is en- 
tirely independent of the artift, fo that he has 
both his liands and mouth at full liberty, 

reprefentation of Mr. Paul s alcohol blow- 
pipe with a few alterations is given in PI. Vlf. 
Fig. 69. The whole is neatly turned in brafs, 
and confifts of the following parts. 

a IS 71 hollow oval frame about 5 inches m 
its longcft dimenfion, which fupports the pillar 
d and the tw'o lamps b r, which may burn either 
oil or alcohol, but the latter is the beft. 'Plie 
rim e e flips upon the pillar d as low as the (hou!^ 
der of the latter will permit, but the rim may be 
raifed at plcafure and kept fail by thd ferew-peg /I 
The rim fupports the boiler ^ which is a Angle hol- 
low piece of thick brafs wiiich will hold about 
an ounce of alcohol, and has four openings, 
viz. three at top A, i k and one at bottom to re- 
ceive the tube 0, This latter is long enough to 
reach to the level of the outfide of the top of 
the boiler, and confequently the alcohol within 
the boiler cannot readily boil over into the tube, 
and the opening k which correfponds with it, 
is clofely Ihut by a ferew ftopper, hollowed out 
a little beneath, to allow the free paflage of 
the vapour down the tube. Here the vaporized 
alcohol is prevented from condcnfing at the 
poi.'it o by the contiguity of the flame of the 
lamp and as it pafles on through the hollow 
p q into the jet tube r, it is immediately kind- 
led by the flame of the lamp and the united 
flames are compelled fideways with fuch vio- 
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lence as to form a long pencil of blue flame, 
attended with a conflderable roaring noife. This 
continues as long as any alcohol is left in the 
boiler, which allows ample time for moft blow- 
pipe operations. The boiler is filled at the 
opening A. Tlie centre hole i is nicely fitted 
with a fmall brafs plug kept clown by a| thin 
flip of iron /, the other end of wliich flips over 
the top of the upright pillar and is confined 
between two flat fcrew-plates The ufe of 
this is as a fafety valve to take away all danger of 
the boiler burfling by the confined vapour not 
being able to efcape fall enough through the 
jet-pipe r, for when the internal preflure is 
great, the elaflicity of the iron fpring / allows 
the valve / to rife fufTiciontly to let out part of 
the enclofed vnpour. 'riie ferevv Hoppers and 
k arc made fllll tighter by collars of leather, as 
is the part where the tube # joins the boiler. 
The jet-pipe r has a coniplcat rotatory motion, 
fo that the flame may be compel Jed in any di- 
re£fion. This is elfe<Sed by turning in the 
form of a ball that part of the pipe which is 
enclofed in tlie hollow p q» 

' BURNING GLASS and MIRROR. See 
Solar Heat. 

CALORIMETER. Sec the article Calortcj 
p. 216 in the former part of this Diftionary. 

CAPI'EAL. A capital or head, is the upper 
part of an alembic, or other diftilling apparatus, 
in which the condenfation of the vapour begins. 
See^DiSTii.i.iNG apparatus, 

C 5 aR 150 Y is a very large glafs veflcl of the 
form of a comprefled globe, with a ihort neck, 
ufed by the manufadlurcrs for cont4dning ful- 
phuric acid. It is generally prote£led by a 
baikot of wicker work. 

CRUCIBLE. PI. I. Fig. 22 and 26. 

A crucible is a pot generally made of clay, 
but fometimes of other materials, and intended 
to bear a ftrong heat. (For fome obfervatlons 
on the quality of thefe firc-veflcls fee the article 
Pottery-, in the former part of this work). 
^I'iie common lhape of the earthen ware cruci- 
bles, is cither three-cornered or round, and they 
arc fitted with Hoppers of the fame materials, 
(Fig. 23 and 27) perforated with a fmall hole, 
opening obliquely to allow the cfcape of any 
volatile matter, and to prevent any of the fuel 
from dropping in. As the lower part of the 
crucible would efcape the greateH intenfity of 
heat, and would be liable to crack by the 
draught of air if it was fet cliredlly upon the 
grate of fihe furnace, it is ufually raifod about 
two inches by a fmall Hand, which may be 
cither folid Fig. 24, or hollow Fig. 25. The latter 


when inverted, alfo forms a convenient Hand 
for an earthen retort. The lid of the crucible 
may be luted on, when neceflary, with any kind 
of fire lute (as already deferibed in the article 
Cement^ Vol. i.) particularly with the mixture 
of borax and clay. It is often of advantage to 
line the crucible with charcoal, for example, in 
the reduction of metallic ores that require no 
flux, fuch as the black oxyd of manganefe. 
ChemiHs have ufually done this by fitting into 
the crucible a folid piece of clofe well-burnt 
charcoal, and fcooping out a hole in the latter ; 
but it is a much more convenient way to mix 
fome powdered charcoal with a very little lin- 
fecd meal, to moillcii it with juH fo much 
water as will bring the mixture to a HifF paHe, 
and to line the crucible with it when wet. On 
applying heat, the linfeed meal burns, and gives 
out a little flame and finoke which efcape 
through the hole of the cover, but this does not 
derange tlie charcoal lining. 

Crucibles are alfo made of caH-Iron, of fine fil- 
ver and of platina. 'Fhe former are fometimes 
of advantage in analyfes where a very Hrong 
heat is required to be given to fubHances in 
contadl with alkaline fluxes, but they are fcldom 
ufed. Silver crucibles are employed with great 
utility in the common analyfis or refolution of 
minerals by cauHic alkalies; and they. are alfo 
extremely lerviccable in a variety of other expe- 
riments, wlicre a heat not exceeding moilcratc 
rednefs is required, and where the fubHances 
do not act upon this metal. 

The ufe of platina for crucibles has fo 
much increafed of late that it is coiifidered as 
eflential to a well-furnilhed laboratory, and 
indcetl not Mdthout rcafon, as there is »io fub- 
Hance that unites fo fully the cpialitios of infu- 
fibility at almoH any heat with refillancc to the 
aiStjon of almoH every chemical reagent. Tlie 
canHic alkalies however have fome diflolving 
power on this metal as is mentioned under the 
article Plattua, Where a crucible of this metal 
is ufed fur very high heats, particularly in fires 
fupplied by coal or coak, it Ihould be loofely 
inciofccl in a refraftory earthen crucible, other- 
wife the vitreous flag of the coal is apt to cncruH 
the out fide of the platina veflel, and adhere to 
it with fo much force that it can hardly be got 
olF without great violence. 

CUCURBIT. PI. II. Fig. 39. 

This is an oblong glafs vefTcl with a very 
wide mouth (nearly of the form of a long gourde 
whence its name) ufed for various chemical 
purpofes, and in particular it forms the body of 
the common glafs alembic. 
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CUPEL. PI. I. Fig. 28 and 29. 

'I his is a folid pafte of bone-afii moulded in 
a ihort cylindrical or truncated pyramidal form, 
with a (hallow circular carity at the top, about 
the fize of a fegment of a large bullet. It is 
ufed in the procefs of AJJayingy (which article 
fee in Vol i. p. no.) In making cupels the 
powdered bone-afii is moiftened with a very 
little water, and the mafs is made into the 
required form by being ftruck with confider- 
able force into a mould of brafs or iron, and 
afterwards gradually dried. By this means it 
acquires fuiRcient hardnefs for the ufe to which 
it is put. 

DETONATING JAR. PI. VI. Fig. 67. 

It is frequently neceflary in the analyfis of 
Come galfes to take the eledlric Ipark on given 
quantities in dole veflbls, fuch as mixtures of 
oxygen and hydrogen, which I all forms the 
cudiumetor contrived by Volta, and bears his 
name. It confifls of a thick glafs tube quite 
open at bottom, and near the top are two 
perforations in which fniall wires arc cemented 
that approach each other within the jar near 
enough to communicate the elcclric fpark, 
from an adjoining machine, whereby the in- 
doled g'llVcs are fired. In mofl: cafes where 
tliis apjiaratus is ufed it is with mixtures of 
galles that detonate ftrongly when fired, which 
is attended w'itli fome inconveniences. If the 
jar in which the experiment is fired is clofely 
(lopped a very final I quantity of hydrogen and 
oxygen will biirfl: pretty tliick glals ; and if it 
is entirely open, fo that all tiie force of the 
explolioii may be fpent on the liquid in which 
the lower end is imniorfed, a gootl deal of it 
(efpccially if it ho mercury) is thrown out and 
iiifperfed to a^diltance. 'Fhcfe inconveniences 
are entirely remedied by the detonating jar 
deferibed in the Plate (invented by Mr. Pepys) 
in which the jar is lupporteil by the heavy iron 
(land c, which has a ilrong fpring near the foot 
that draws out in the manner of the lleel-yard 
when the concuifion is given ; and thus much 
larger quantities may be fafely detonated than 
can be done by the common apparatus, with- 
out fpiliing any of the mercury. The (hock is 
taken by wires that pafs through the holes 
u and b, 

DIGIiSTER. 

A digeder is a thick iron boiler furnifhed 
with a ftrong lid pcrfe 611 y tight, that may be 
fere wed down with force fufficient to refill the 
expanfive force of the iiiclofed fleam, whereby 
the water or other liquid which it contains 
may be •heated confidcrably higher tlian die 


natural boiling point of water when unconfined. 
But as the llrength of the vcficl diniinifhos, 
and the force of expanfion inert fes as the" heat 

raifed, there is a point at which the vcflcl 
would burll, and a dangerous explofioii would 
take place, if it were not prevent ud by a fafoty 
valve, with which all thefe vellels arc furnilhed, 
and which will open and let part of the con- 
fined vapour ofeape when the expan fnm has 
reached a certain point. 'Fherc arc fome cafes 
where a digeller proves an ufcful part of che- 
mical apparatus, but it is not often employed. 
DIS TILLING APPARA TUS. 

Uiuler this article w^c lhall deferibe the dif- 
ferent kiiuls of alembic, the common (till, with 
its w jrm-lub, and the other apparatus for 
fimple di HI Hat ion, or that in which the foie 
cbjei!:^ is to condenfe and colled^ in a liquid 
from tlie h.catcd vapour of any fubklavice. 
When a part of the produfl to be colle^lod is 
either a permanently eiaUic gas, or a vapour 
wliich requires to be palled through WMfcr or 
any other liquid in order to be condenfed, it is 
iiecc/rary to employ a more complicated appara- 
tus fimilar to that which was •>riginally invented 
by the late Mr. Woulfe, and will be deferibed 
under the article Woulfe’s Apparatus. 

The fimplell apparatus for dillillatioii with 
moderate quantities is the Retort and Receiver. 
The former is made cither plain (PI. I. Fig. 5.) 
or tubulated and fitted with a ground Hopper 
Fig. 2. It (liould be roomy at the bend, as it is 
there where the vapour firll begins to condenfe. 
When the plain retort is ufed, the mater i.i.'s 10 
be diflilled, if liquid, ihoiild be poured in hy a 
very long funnel, fo that none of it may trickle 
down the neck. The bottom of the rrtovt 
wliere the heat is applied i.s biowii pretty tliiii, 
and being of uniform tiiickiiefs it will ulwuys 
bear tlie heat of an Argand lamp, or even it 
may be finng upon a fmall chain over a com- 
mon open coal lire wlien Inirning clearly, with 
very little rifk of breaking, if tolerable caiitiori 
be ufed. 'The neck of the retort pa Acs into 
that of the receiver, or fometimes with the in- 
tervention of an Ailopttr (Fig. 3.) anil the join- 
ing.s Ihould be luted. 'I'he receiver fhould be 
of confulcrabje capacity compared to the retort, 
fuch as Fig. 4. to Fig. 2. to allow a large cool 
furfacc for the c nidenfing vapour, and it may 
be further kept cool hy covering it loofefy with 
a cloth frequently wrung out of cold water. 
The receiver may be cither a fimple globe with 
a neck Fig. 6, or may be. dr.iwn out into a long 
tube at bottom, as in Fig. 4, iii which calc 
the tube iliould emer a bottle pLccd beneath. 



1 ) 


D I S 


c SI8 ) 


^^hcn the receiver is tubule; fed it gives the 
adv.intwge of allowing all the joinings between 
it and the retert to be pciToclly alr-iight, with- 
out danger of the veileh buriling by the ex- 
pan (ion. 

The alembic employed for dlfliilations in 
larger qiiainities than with tlie common fized 
retorts is reprefented in PI. II. Fig 3^ and 34; 
tho latter of which is a fe^liion of the foniier. 
This is taken from a drawing of a very cxceJ- 
lent .alembic made of tinned copper, alrnoft 
exactly 4:hc fame as tliat given by i. can me in 
Ills Klements de Pharmacie, and ufed by that 
excellent praclical chcmill. It contains bcfidcs 
the cflential parts of the apparatus the very 
uleful adtiition of a water bath, which may be 
cmp-loyed or taken out at pleafure. 'riiis appa- 
ratus confills of the four following pieces : a a 
Fig. 33 and 34 is the boiler, wliicli is let in to 
a portable furnace to the hciglit of the fliouldcr. 
It has a fmall opening at tlie upper part, flopped 
with a cork, by which frclh liquor to be diltillcd 
may be poured in during the procefs of dillil- 
lation without deranging the apparatus : ^ ^ is 
the water bath which finks alrnoft to the bot- 
tom of /r, and is therefore kept entirely fur- 
rounded with boiling water, c is the capital or 
part in which the condenfation of the vapour 
begins. It is only feen in Fig. 34, being hid in 
Fig. 35 by the vefibl d. The capital is of a 
conical fliapc, and at the lower part of the cone 
a fmall gutter is made by a doubling of the 
copper plate, which terminates in a conducing 
pipe that points obliquely downwards. The 
capital c is entirely inclofed and cemented into 
the refrigeratory </, fo as to make but one piece 
with it. The ufe of the vcflel d is to con- 
tain cold water, which by cooling tlie out- 
fide of the capital c facilitates the condenfation 
of the vapour within it and canfes it to flow in 
a ftream down the conducling pipe, e is a 
cock belonging merely to the refrigeratory //, to 
let the water off when too niucli heated by the 
boiling vapour in the capital. The vcfiel d has 
alfo two handles, by which it may be lifted on 
and ofF more conveniently. This apparatus is 
fo conftrufted that the water bath b may be 
entirely removed, in which cafe the capital 
with its refrigeratory clofes diredily upon the 
boiler which then contains the matter to be 
diHilled. A capital and refrigeratory fitting 
upon a fmall boiler is alfo fliewn in Fig. 35. 
This is often made of block tin, an<i is very 
ufeful in diflilling water for chemical purpofes 
with little trouble. 

There is however one difadvantage in the 


alembic with the refrigeratory thus placed on 
the top of the apparatus,' which is, either that 
the water of the refrigeratory foon gets fo wai'm 
as not to be able efledlually to condenfe all the 
vapour j or if it is kept conftanily cold, a con- 
fidcrable part of the condei;fcd vapour drops 
back again into the boiler, which is diredllly be- 
neath it, and thus the pvocerfs is prolonged, 
befides the danger of altering the quality of 
tlic prod u 61 by the long heating, 'i o remedy 
this dcfetl fcvcral chemiils (and among them 
lleaunic) have added to tlie alembic a ferpen- 
tine or worm tub (Inch as is reprefented in Fig. 
32,) into which the contiuiUng pipe of the 
capital opens, and it is this addition probably 
wliich has led to a great fimpii neat ion cf tlie 
apparatus, by removing entirely the refrigera- 
tory round tlie capital and caufing the whole of 
the condenfation to be performed in the fer- 
peiitinc. This forms the common Hill with its 
atljoining worm-tub, which is now ufed with 
fomc variety of conllrudlion almoll cxclulively 
ill this country both in the large way in the vait 
manufacture of dillilied fpirits, and where only 
a few pints of dillilied liquor are wanted, and 
which has, with us at leaft, alrnoft entirely 
fuperfeded the old alembic. 

The common ftill, Fig. 31, confifls of only 
two parts, viz. a the boiler, which is here flicwn 
as partly buried in a portable furnace ; and b 
the head or capital, which confifts of a pretty 
large hollow globe, the upper part of which is 
drawn out into a curved pipe tliat makes a 
comploat arch and terminates at cFig. 32, where 
it enters the upper part of the fcrpentinc, or 
worm. This latter is a long pipe made of 
pewter, with a decrcafing diameter to the bot- 
tom, and fixed in a tub filled with cold water, 
which efle6lually condenfes tlie vapour, fo that 
the liquid falls in a thin regular ftream from 
the lower end of the fcrpciuine. The joining 
between the boiler and head of the ftill generally 
requires a flight luting, for which flips of paper 
dipped in pafle, or of wet bladder neatly ap- 
plied over the circle of jundion is fulficient. 
The line of tube from the bend of the ftill -head 
to the very bottom of the worm-pipe Ihould be 
a gradual uniform flope downwards, and feme 
nicety is required in the maker to give the fer^ 
pentine that regular falling fpiral line which is 
ft>und the molt favourable to fpeedy conden- 
fation. The chief difadvantage of the fpiral 
worm-pipe is the difliculty of cleaning it and 
getting out the remains of any ftrong-fmeliing 
fubllance, fuch as an eflential oil ; whereas the 
large alembic capital is eafily cleanfed. 
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.For diftillatSon of fniall quantities of eafily 
condenfitic fubdances, where much nicety and 
cleanlinefs is required, the glafs alembic. Fig. 
39, is highly iifcful. It confids of two pieces, 
Yiz. a the cucurbit or boiler, the bottom of' 
which is made thin fo as to bear a lamp-heat, 
and b the capital. Thefe are fometimes made 
tight by luting and fometimes by grinding. The 
beak of the capital may pafs into the glafs bal- 
loon c or into any other convenient voird, which 
lad may alfo be furrouruled with cold water or 
ice, if required. The glafs alembic is in fume 
rcfpe^ls Ijctter than the retort and receiver, 
inafmuch as the veffel to which heat is applied 
can be got at much more eafily to be filled or 
cicanfed, but it is an expenfive apparatus and 
liable to accidents. 

The old veffel called the Pelican Fig. 38, is 
a kind of alembic fo contrived as to allow the 
dldillcd liquid to fall down again perpetually 
into tlie vefiel wlience it was expelletl. An 
improvement on it. Fig. 37, is of the fame 
kind. See PtinCAN. 

DO vlli is the upper part of fcvcral kinds of 
furnace, round which the flame of the fuel 
reverberates before it enters the chimney. Sec 
Furnace. 

FUDIOME'lER. 

The varioUvS procefles belonging to Eudkmetry 
or the afeertaining the pin it y of the air have 
been mentioned under tn.it article in the for- 
mer p.art of this work. Some of the mod con- 
venient veflels for that purpofc may be here 
deferibed. 

PI. I. Fig. 18. is a graduated jar for mea- 
fnrlng gallcs. It is made wider at bottom to 
d:nul more deadily. 'llicre are two ways of 
graduating jars, either of which any one may 
re;ciily perform for hiinfelf. SeleCl; a very 
fniall phial or lube which will exacflly hold, 
v/iicn brimful), an aliquot portion of a cubic 
inch, which is determined by w'eigliing the 
contents, .allowing for the cubic inch at 60® 
temperature 2^2^ grs. of didillcd water. F'ill 
the eudiometer jar with water at 60*^ invert the 
empty phial under it, and turn it up w'hen 
within the jar, by wliich means the required 
portion of a cubic inch of air will rife to the 
top of the jar. Padc a long flip of paper 
round the level of the water in the jar, and 
then repeat the fame operation till the whole is 
graduated. The lines may then be marked 
with a diamond, or n fine thrcc-corncred file, 
and numbered, and the paper feraped off. 

In graduating a jar in this method there is a 
little tiqiiblc in getting a phial to hold the pre- 


cife quantity, and it will be more accurate if 
the rim round the neck is taken off and 
the edges ground fmooth. If the required 
weight of water does not quite fill it, a fmall 
pellet of wax or cement may be added, and this 
may afterwards be molted upon the bottom of 
the phial to diminiili its capacity. In gradu- 
ating a j.ir in this manner, the har.d of the ope- 
rator fhotild touch the phial only fi^r an inllaiit, 
aiid at the tliickefl part of the glafs, to avoid 
the expanfion of the contained air by tlic warmth 
of tlic hand. 

Another method of graduating is to weigh in 
the jar itfclf fucceffivc portions of dillillcd 
water correfponding with tJie divifions of the cu- 
bic inch intended to be niaikcifi and to fcratch 
the levels by the file or a dlarnonil. This is 
in foinc refpeefs more accurate than the former, 
as, with tolerable care. It obviates all danger of 
any fcnfible error fr jin accidental changes in 
tcinper.iture, the wlude meafurement being 
made with water in which the dilRrence of a 
degree or two is fcarccly felt. There is only 
tins circumll.uicc to bo obfoj ved, which is, to 
carry the liiics of illvlfton i^eavly round the 
whole cirtunifcrcncc of the jar, othevwife feme 
deception may eafily avifo in the life of it, un- 
Icfs the fiu'faccs of the top and bottom of the 
jar are exactly parallel to each other ; for wlicn 
gradua.ed by fuccellivc quantities of water, it is 
obvious that the jar mull Hand on its ciofed 
end, auvl the contrary when graduated by por- 
tions of air. 

'Flic above inftrument is fimply a graduated 
j..r, and therefore fomewhat improperly called 
an euciknietet jar, but two or three dirc^l: eudi- 
onictrical vcfl’els *havc been contrived whereby 
the fubllance Intended to .analyze tlie contained 
air by abforblng a jiurllon may be convenicMitly 
applied to it. 

Dr. llnp-c’s ciulRmctcr is the following: 

PI. IV. Fig. 55. 

It confilL’ of two parts, tl.c lower of wliicli Is 
a fliort tliick bculo vvi;a an upper and a fide 
opening (the latter c!« icvl by a glafs (lrp|:cr) 
and the upper part is a gr uluated lube ciofed 
at top and accurp.tciy fining into ilte lower 
bottle by grinding. To ufo it, take ofl' ilie tube 
and fill it quite full with tl.e gas to be exa- 
mii:ed, and alfo fill tlie bet tic: with the eiulio- 
mctrical liquid (fifiphuict of iime for exan-plc) 
and without iiiaking it, iink it in water. Mlicn, 
immerfing the open ciiu ot tr.c tube in the fan:c 
vclTel, bring It over tlic bottle ard thruil it in. 
The bottle and tube may then 1 * t;»kcn out, and 
well fliaken, that the liquor may thoroughly 
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come in . contaft with the contained gas, and 
the bottle from time to time immerfed again 
under water, and tlie fide Hopper a little 
loofened that the water may rulh in to fupply 
the partial vacuum pro<luced by the abforption. 
'This will indeed fornewhat dilute the eudiome- 
trical liquor, but not fo as to prevent it from 
afting. When no more abforption takes place 
the prdeefs is finiflied, (which only requires a 
few minutes at longeft) and the abforption is 
noted at once by the graduated fcale ; or if the 
tube is not graduated, the refidual gas may be 
transferred to another that is. 

Another eudiometer which is intended merely 
for the analylis of the atmofphcric air of any fitu- 
ation, is that of Mr. Davy, PI. IV. Fig. 56. which 
confifts (imply of a portion of glafs barometer 
tube, bent into two legs of equal length, both of 
which are fuvniihcd with glafs Hoppers, and one 
of them graduated. It is iifed in the following 
way. The tube is of courfe filled with the air 
of the place which it occupies, or for greater 
certainty, it maybe firH entirely filled with water, 
and then inverted, by which the adjoining air 
will come in as the water falls out. Then 
holding it with the bend lowermoH, and both 
thp (toppers out, drop down through the plain 
or ungrad uated fide a little water, till it reaches 
the beginning of the graduation, and clofe the 
graduated fide with the Hopper, fo that the air 
occupies cxa6Ily the whole of the graduated 
fpace. Then pour down the plain fide upon 
the water the eudionietrical liquor (fulphat of 
iron holding nitrous gas in folution) till this 
fide is quite full, and clofe this Hopper alfo. 
The whole cavity will then contain a known 
portion of air in contaft with the proper liquor, 
which by agitation will abforb all the oxygen 
of the air in a few fecoiids, and by loofcniiig 
the Hopper of the plain fide under water, the 
refiduary gas on the other fide will fhriuk to 
its proper volume, and may immediately be 
eHimated. 

Volta^a eudiometer for the detonation of the 
inclofed air, with meafured portions of hydro- 
gen, has been already mentioned under the 
article Detonating Jar, 

EVAPORATING VESSEL. 

Evaporation is one of the commoiieH opera- 
tions in chemiHry, and in the fmall way may be 
performed with fufficient cafe in almoH any 
open veffel. The evaporating veficls made for 
this exprefs purpofe are fometimes of metal, 
but generally either of glafs or earthenware. 
The glafs veiTels ufed in this country are feg- 
iKMpnts of fpheres blown thin enough to bear a 


lamp heat, and fold in aflbrtments of diderent 
fizes, from the c.«pacity of nearly a pint to that 
of about an ounce. A broken matrafs or Flo- 
rence flafk, cut round, will anfwer the purpole 
extremely well. The globular fhape of all thefe 
veflels however renders them difficult to heat^ 
but it is difficult to get glafs much flatter at 
bottom and retaining that uniform thinnefs 
which is neceflary to make it bear the appli- 
cation of heat. 

Very convenient evaporating veflels nearly 
flat-bottomed, are made by Mcflrs. Wedgwoods, 
and fold in neHs or aflbrtments, the largcH of 
which will hold 8 or le pints. They ^re fonie- 
titnes plain, fometimes with a lip in the upper 
edge, that the liquor they contain may pour 
better. The (hape of a plain evaporating veiTel 
is feen in PI. I. Fig. 9. They arc made either 
with or without glazing. Even when ut^glazed 
they liold any liquor without foon imbibing it, 
as the texture is a very denfc, hard, bifeuit 
porcelain ; though in gre;it length of time faline 
iblutions will make their way through, and fliew 
th“mfelvcs in efflorefcenccs on the outfide. 

Thefe evaporating vclTels will bear to be 
heated to boiling, over a clear hot fire, fuch as 
that of charcoal or cinders, but they are liable 
to crack when expofed to jets of flame, or un- 
Icfs heated with ibme caution at firH. No 
liquor fhould be boiled to drynefs in thefe veflels, 
as they generally crack whilH the laH portion 
of fluid is expelled unlefs the heat is much 
lowered. 

FII/FER. Filtration. 

Filtration is coiiHantly required in chemical 
procefTes, in order to feparate fluids from fub- 
Hanecs fufpended in them. In mod inHances 
it is performed by throwing the whole upon a 
conical bag made of any porous materials, fuch 
as flannel, linen, or paper, which detains the folid 
part, and allows the fluid to pafs through clear. 
Where the quantity of materials is large, and the 
folid is of a nature to be not eafily fufpended 
in water, a flannel or linen bag is preferable, as 
it is much more expeditious than paper. Thus 
for example, where in the firH Hep of making 
phofphorus, bone-a(h is decompofed by fulphu- 
ric acid, and the whole diluted with much water, 
the liquor is obtained very clear by throwing 
the whole on a conical linen bag ; and though 
the firH few ounces may be turbid, the runnings 
foon become perfectly limpid.' Where the 
objefl is, as in this caie, to preferve the liquor 
that runs through, linen is preferable to flannel, 
as the latter foaks up a larger quantity ofliqiior, 
which muH be got out by fubfequent waffiing 
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and 'Wringing. But where die foUd refidue is 
the only v^uable part (as in filtering the citrat 
of lime formed by chalk and lemon juice) flannel 
anfwers as well and is more fpeedy. In fmall 
quantities! and where accuracy is required! the 
material of the filter is generally a fquare thin 
uniized paper! firft doubled from corner to 
comer into a triangle, and the latter again 
doubled into half the fise! making another tri- 
angle. '] his when opened forms a paper cone, 
into which the liquor is poured, and which muft 
be fupported by being put into a glafs funnel. ~ 
There is always fome little lofs of materials in- 
curred by filtration, particularly of the fluid 
which pafles through, for the paper mufl: of 
courfe abforb a quantity of it, and though after 
the firft filtration, the filter is repeatedly filled 
with warm water, it is impollible to wa(h out 
every particle of the faline folution with which 
it was at firft impregnated. This is one realbn 
why in all analyfes of minerals in the nioift way, 
the fum of produA s obtained by tlie molt accu- 
rate experiments always falls (hort a little of the 
original weight of the mineral employed ; 
fo that if they fliould prove exaftly equal, 
there is reafoii to fufpe£t fome little error in the 
computation, or a want of deficcation in the 
produ£ls equal to that of the fubftance ufed. 

To colled at the bottom of the filter every 
particle of the refidue, it is very ufeful to have 
a final] glafs tube open at both ends, and drawn 
out into a Very fine capillary point at one of them. 
When this is filled with diltilled water and the 
larger end put into the mouth, the force of the 
breath can dired a fmall ftrong ftream of water 
round the fidcs of the paper funnel, which will 
wafli down to the bottom every minute particle 
of foiid fubftance. When the filtration is 
iinifhed and the relidue properly edulcorated, 
it muft be dried in part before it can be taken 
clean off the paper. Sometimes the quantity 
of refidue is fo minute, and flicks fo much to 
the paper, that it cannot be feraped off when 
dry, at leaft not with fufficient accuracy ; as, for 
example, where the quantity of fulphuretted 
^hydrogen of a mineral water is to be eftimated 
by piecipitating and weighing the fulphur. In 
fuen cafe the mod accurate way is to filter as 
ufual, but inftead of attempting to remove tlie 
refidue, to weigh it againft another piece of 
filtering paper previoufly cut exadly of the fame 
fize as the filter, wetted, and dried at the fame 
temperature, and the difference in the weights 
will indicate the quantity required. 

' The fubftances that cannot, be filtered in 
the conftnon wayi are thoie which aA too 
VOL. II. 


powerfully won the paper and odier inatenafe 
.employed.^ The concentrated acids and alkaline 
folutions are of this kind. Where it is required 
to filter them, which is not often the cafe, they 
may be poured through a ftratum of "coarfely 
powdered glafs, or well wafhed white fand, in 
• a glafs funnel. See Funnel. 

A convenient (land for filtration with a drawer 
at bottom to hold filtering paper, &c. is (hewn 
in PI. VI. Fig. 65. 

FLASK. 

I'his hardly differs from the Mntrafs. 

The flaiks of green glafs ingcnioulfy covered 
with ruilies, in which the fineil oil is imported 
from It.ily, form very uTcful chemical veflel# 
and at a low price. They are extremely thin, 
and will bear heat very well, and being made of a 
hard glafs without litharge, they will bear a low 
red heat without materially foftening or loling 
their fhape. On this account too they are the 
beft veffels for performing fublimation in, with 
fmall quantities of materials^ and if ncccflary 
they may be coated for this purpofe by diffufing 
clay in water to the confiftence of thick cream, 
and dipping the flafk in up to the neck, repeating 
the operation fucceifively as foon as each coating 
dries. 

The flaiks muft firft be cleaned by a little 
fand, and any refufc folution of alkali, fome- 
what cauftic, boiled in it, and fliaken about 
till all the oil within is diflblved. Very ufe- 
ful cup-(liaped veflels for evaporation and 
other purpofes, may be made by cutting off one 
of thefe flaiks round bottom of the neck or 
the middle. This is done with eafe in the fol- 
lowing way : if the flafk is found, heat a piece 
of the thickeft iron wire fully red-hot, and fay if 
on the part you wifb to divide, moving it back- 
wards and forwards flowly in the intended direc- 
tion of the crack. This will generally fuccced 
in beginning the crack, after which it may be 
led along with extreme cafe, Amply by bearing 
gently with the hot iron in the courfe which 
the crack is to purfue, till the divifion is com- 
pleat. But among a number of flafks there are 
generally fome that have a little crack or flaw 
ill them, and this may be led over any part of 
the veffel by the fame means, and will cut it to 
the required (liape. It fliould be remembered 
however, that though it requires a very hot 
iron to fplit a found flafk, yet when the lead 
crack is made, it may be led along by a much 
lefs heat, and the cooler the iron is, the lefs 
likely the crack is to deviate from the intended 
direAion. If the flafk is fplit in the contrary di- 
rcAion, that is, perpendicularly throii^h bo^ tht 
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.neck and bddy, it forms two flmilar glafles ex* 
tremely convenient for many fmall opeTations5 
and in which the fpUt part of the neck ferves 
both as a fpout and handle. The greateft incon- 
venience attending thefe veflels made out of 
flalkt is their exceilive thinnefs at the middle^ 
fo that they are liable to fplit by the leaft 
blow, and when full of liquor they can hardly 
be taken up without danger of being broken by 
the preiTqre of the hand. 

FORGE. See Furnace. 

FUEL. See Furnace. 

' FUNNEL. The common funnel needs no 
defcription. It may be made either of glafs or 
jiewter, or tinned iron, or earthen-ware. 

The ribbed ftimieU Ph !• Fig. 7. is better for 
fupporting large paper filters than the plain 
ones I for in the latter cafe, the wet paper ad- 
heres fo clofcly to the fmooth glafs as mod 
materially to prevent the pafTage of the liquor 
through $ whereas the ribbed funnels afford as 
many channels through the whole length of the 
aper, by which the fluid is drawn down to the 
ottom. A plain funnel may be made equal 
or fuperior to the ribbed, by arranging in a per- 
.ppndicular direftion at equal diiiances, a num- 
ber of draws, or pieces of thin glafs rod, 
to form an uneven furfacc> over which the paper 
filter is to be laid, and thus to prevent its ad- 
hering to the fide. 

It is ufeful to have in a laboratory a fmall 
glafs funnel with a very long narrow neck, 
able to pafs down the whole neck of a retort, 
by which liquors may be poured in, without any 
part of them wetting the neck of the retort. 

FUNNEL SEPARATORY. The fepara- 
fory funnel, PI. II. Fig. 40. is intended for the 
feparation of liquids of different fpecific gravity 
(as oil and water) by allowing the heaviefl only 
to drop out of the bottom of the veflel. The 
funnel is fird (lopped at the bottom and then 
filled with the mixed liquors. When they have 
ftood at red till the heavied has entirely fub- 
fided into the narrow part below, the cork at 
bottom is taken out, and when the dormer above 
is a little loofened the heavier liquor flows out. 
This veffel is ufed particularly in feparaCing 
effential oils from the water which is neceffarily 
entangled with them when collc£led from the 
water didilled from the plants that yield* them. 
Some of thefe are lighter than water, others hea- 
vier, and they are both feparated with equal eafe. 
FURNACE. 

As heat is one of the great agents in chemi- 
cal proceffes, the condru^ixon of the apparatus 
^ough and in which heat is applied mud be 


of the fird confequence, and accordingly a vaft 
quantity of pains and ingenuity has been bd- 
flowed on the fubjc6); of furnaces. To deferibe 
every one that has been invented for general or 
particular purpofes would far exceed ourlimitSj 
we (hall therefore only mention fbme of thofe 
which are the mod commonly employed in the 
laboratory. The furnaces required for working 
ores and metals in the large way, for making 
lime, bricks, pottery, glad, &c. are foreign 
from our prefent fubje£l, and mod of them 
have been noticed under thefe refped);ive 
articles as fully as is confident with our general 
plan. 

The furnace which is the mod familiar to us 
is the Common Grate. This is an iron furnace 
of various fhape cut down in front and the fuel 
kept in only by bars, in order to throw the heat 
out into the room. The utmod heat of a com- 
mon parlour dove fupplied with coals is' barely 
fufficient to melt thin plate filver, for a piece of 
filver money will not readily melt in it unlefr it 
burns very flrongly. But a very large number 
of the operations in chemidry are performed 
in a temperature not exceeding full rednefs, and 
for many of thefe the common grate is amply 
fufficient. The flat iron fidcs or cheeks will 
alfo furnifh an inferior heat, on which evapo- 
rating and digeding veflels maybe fet. The 
comnK>n grate liowever has two difadvantages, 
one, that the opennefs of the front caufes the 
efcape of a great part of the heat, and incom- 
modes the chemid in approaching it, and the 
other that coal is a very undeady variable fuel 
giving much blaze and fmoke, and requiring 
frequent dirring. 

Before we deferibe the proper chemical fur- 
naces, we may (hortly date what mud be their 
obje£l.and conflruflion. 

The fimpled air-furnace that we can con- 
ceive is a cylindrical or conical earthen pot, 
open at top and with a grate fixed - within 
a few inches from the bottom, and a pretty 
large opening jud beneath it, in order to 
allow of the draught of air through the fuel 
and for the afhes to be cleared out. This 
draught-hole J>eneath the grate, of whatever 
form it be, is always called the ajh^bole or a/h^ 
pit. If fumifhed with a dopper, the draught 
of air and confequent intenfitv of the fire may- 
be regulated. 'Fhe fuel is tnrown in and- the 
crucibles to be heated are introduced down the 
large opening at top. A cylindrical earthen 
pot thus condru^ed has already fcveral advan<# 
tages over the common grate of the fame capa- 
city \ for the fides being entirely clofed^ ibe 
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Dvliole of the air paflfes in beneath the grate and 
£oes out above the fuel» whence the draught is 
proportionally' llronger and the heat more in- 
tenfui and it alfo may be approached witliout 
trouble. If a furnace of ^ this kind is fupplied 
with charcoal (which gives a much ftronger 
heat than coal with a moderate draught of air) 
and the height above the grate is about double the 
diameter^ a heat fully equal to the fufion of a 
Tmall bulk of copper will be produced. 

Still this is far ihbrt of the temperature re« 
xjuired for many operations, and therefores 
(where the natural draught of air is reforted to) 
it is neceiTary to increafe this by incloflng the 
top of the cylinder with a dome of the fame 
materials, which may be further elongated by a 
chimney of any heights The draught of air is 
now prodigiouily increafed, and if the Tides of 
.the furnace are pretty thick, and the chimney 
broad enough and high enough, an in ten (it y of 
heat is produced, able to melt iron, reduce 
inanganefe, &c. in (hort, to perform nearly all 
that artificial fire can do. It is by no means 
neceflary that the chimney fhould be perpendi- 
cular in every part, and it is often much more 
convenient that it fhould quit the furnace in an 
horizontal or oblique dire£lioii, as it allows a 
much readier accefs to the furnace and its con- 
tents. 

The proportion which the diameter of the 
chimney fhould bear to that of the furnace, to 
^ive the greateft intenflty of heat, has been va- 
rioufly Hated, and it Hill feems not to be well de- 
termined. From fome experiments of Darcet and 
Lavoifier it would appear that the greateft pof- 
fible heat obtainable by air furnaces, is procured 
by making both furnace and chimney one very 
long upright channel or flue, perfectly open at 
bottom and at top, the furnace itfclf (or the 
part of the channel juil above the grate) being 
bulged out in a moderate degree to give greater 
room for the fuel and the fire veflels. In gene- 
ral however the flue of .the chimney is made a 
little narrower than the afh-pit. A clofe fur- 
nace of this kind intended (imply for heating 
any veffel in the midft of the fuel, requires 
efTentially no more than three openings, namely, 
the afh-nole, the chimney, and a fide-door, 
through which to throw down fuel, and to intro- 
duce and take out the fubftance to be heated. 

Where diftillatioaby naked fire is wanted, > 
fmall addition is required, and a hole muft be 
cut level with the middle of the retort, through 
:which its beak may emerge,^ and connefl; with 
jllie receiver or other veflel intended to collect 


the produdb. The retort in this cafe h gcnenllf 
earthen. « 

Another obje£b in furnaces is to apply a 
moderate degree of heat to larger vefTels, which 
therefore can only be partially in contad); with the 
fire. Moft of the furnaces ufed in manufadbures 
and for many common purpofes arc of this kind, 
fuch as the common houfehold coppers for heat- 
ing water, brewing coppers, falt-pans, &c. &c. 
Sand pots are alfo of this kind, and in all thefe, 
the fubftance to be heated is plac^ over the fire, 
fonietimes dipping into it. This alfo efTentially 
requires only three openings, viz. the a(h«pit, 
chimney, and door for fuel, the furface of tire 
fubftance heated being external to the fire. 

Another purpofe in furnaces is to inclofe an^ 
heat on all fides an earthen oven or mufile, the 
mouth of which at the fame time comes in con- 
ta£b with one of the inner (ides of the furnace, 
and is freely accefliblc from without by a cor- 
refponding hole cut through the fubftance of the 
furnace. This therefore requires another open- 
ing befides the three former already mentioned. 

It is fometimes required in experiments of 
refearch to place an earthen or iron tube in 
fuch a maixner that' the middle of it fliall be 
ftrongly heated whilft each end is cool, and 
proje^iiig beyond the furnace, fo that no part 
of the contents of the tube can come in contaA 
with the fuel. This is done in a clofe furnace, 
by having two holes through the fides dire£bly 
oppofite each other, through which the tube 
may be thruft. 

One more mode of diftributing the heat of a 
furnace may be mentioned, which is, where the 
fubftance to be heated is neither inclofed in any 
vefTel, nor in a£bua] contafb with the fuel, but 
is fpread on a kind of floor immediately beyond 
the lire in a fpace between the fire-place and the 
chimney, and receives the heat from tlie flame 
which draws over it. This forms the reverbe- 
ratory furnace, and requires a very peculiar 
conftru£bion, as will be afterwards explained. 

The above are the principal obje<fts to be 
fulfilled in the cbnftrudlion of chemical furnaces 
for general' purpofes, but another great diftinc- 
tion is in the mode of fupj^lying air, which may 
be either by ^he natural draught of air, or by 
bellows or other artificial means. In the former 
cafe the rapidity of the current of air and confe- 
quent intenfity of the fire, depends on having a 
mfficient fpace in the afli-pit and chimney, and 
efpecially a very* great length of flue, and all 
the fido-openings which would break the cur- 
rent, carefully clofcd. But with an artificial 
. 3 ^ ^ 
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blaft the ftrength oiF fire depends folely on the 
degree of mechanical power ^ployed in im* 
peUing the blafti and the chimney is altteether 
luperfluoas* except to carry ofF the Imoke. 
Thefe kind of furnaces therefore' are much 
Ampler than the draught furnaces^ as no more 
is required than a fimple hearth or a (hallow 
pot| with a fmalj hole at the bottom to conduA 
the air from the bellows. Large quantities of 
materials, as in the fmclting of iron, can hardly 
be heated to the utmoft intenfity without the 
artificial blaft, and the afliftance of a fteam 
engine or fome other very ftrong mechanical 
force is necelTary to keep up the conftant fupply 
of air. At lealt, much time and fuel are faved 
by the blaft» for if the heat of the moft powerful 
draughty-furnaces, fuch as the porcelain kilns, 
may be brought to equal that of the iron-fmelt-** 
ing furnace, it requires, however, a very large 
body of fuel and a great many hours to bring it 
to the utmoft intenfity. But in the fmall way, 
(bf experimental purpofes, the higheft temper 
rature of a draught-furnace, when well built 
and properly attended to, appears to be no way 
inferior to^the belt blaft, to judge by the com- 
parative effe£ts; and the greater confumption 
of fuel and time is often fully counterbalanced 
by the faving of manual labour. 

Some chemifts have fuppofed that the heat 
of a furnace might be refle£ted from the fides, 
and concent|utcd into one focus, by giving it a 
circular or elliptical form. This however is 
found by experience to be perfe£Hy nugatory, 
for no fimfible difference is obferved between a 
cylindrical I globular, or elliptical fire-place, pro*, 
vidcd the dimenfions of the chimney and afh-pit 
are the fame. There is howeves a method of 
concentrating the heat of a blaft-furnace, by 
dividing the blaft into a number of fmaller jets 
of air, and mechanically driving them towards a 
common center, as will be explained hereafter. 

The materials of which furnaces are* con- 
ftrufled is always a refractory clay, either in 
form of bricks, or, where the pieces of the fur- 
nace are fmall, of entire pottery. The larger 
kinds of black-lead crucibles make extremely 
ttfeful portable furnaces for a variety of pur.* 
pofes, being itery infufible, bearing pretty fudden 
neating without fplitting, and having the addi* 
tional sldvantage of being fo foft as to be 
xeadily drilled by a gtmblet, and cut by a faw 
or hacked knife, whereby openings may be 
made and ftoppers fitted without difficulty. 
Large moveable furnaces are often made of this 
kind of pottery, but much thicker than the 
common cruciDies, and ftrengthened on the 


outlido by iron hoops. A very iiibfel whitr 
coarfe pottery is employed in France for port- 
able furnaces, which bears the fire extremely 
well, but when baked is too hard to be cut like 
die black lead ware. Moveable furnaces are 
often made of a wrought-iron cafe lined on the 
infide with fmall fire-bricks, and the part im* 
mediately in contafl with the fuel is further 
covered with a thick coating of Windfor loam» 
laid on when moift and pTaftic, and beat fre^ 
quently with a wooden inftrument when dryings 
to give it more cOtnpadlnefs, and to fill up the 
fmall cracks which the Ihrinkage occanonsr. 
The fixed furnaces arc always built of fire^bricls 
(a very hard infufible brick, made for this exprefs 
purpofe) cemented with a very refraftory mor- 
tar $ and the larger openings are either iron 
doors fet upon hinges, or fometimes a thick 
piece of free-ftone, or very large brick properly 
fafhioncd. There is a very foft red fandy 
brick fold in London, under the name of Wini^ 
for bricky which may be cut or feraped with 
great eafe, and is extremely ufeful for ftoppers, 
crucible Hands, and many other filial ler purpofes, 
though it is too foft to bear any conlidcrable 
preffure. 

A proper felefliop of the fuel is of firft im- 
portance. Wood and charcoal were formerly 
the only materials employed for this purpofe in 
this country, and are ftill fo in moft other parts 
of the world; the firft, where a large volume 
of flame is required, and the latter, for a ftrong 
heat witliout flame. Thus glafs-houfe and re- 
verberatory furnaces were* fupplied entirely by 
dry faggots, and iron foi^es by charcoal. 

Wood faggots give a flrortg clear flame un- 
mixed with fulphur, and with but little fmoke, 
and burn to a clean alh, which allb is valuable 
for the alkali it contains. From its freedom, 
from fulphur it muft be in many inftances 
better than coal, and it feeitis to have no other 
difadvantage than the rapidity with which it 
bums out in a ftrong- draught, being fo much 
more bulky than coal that only a comparatively 
fmall quantity at a time can be thrown into a 
furnace. Hence in the large foreign, glafs- 
houles that are fed by faggots, it is the work of 
one man to be incefiantly adding fuel. But the 
fcarcity of wood now forbids its ufe in moft 
parts of this country, and the abundance of coal 
on the whole very well Ibpplies its lofs. 

Charcoal is a moft valuable fuel for furnaces. 
It kindles readily, burns with a very ftrong cleat 
heat, and requires a much lefs draught of aSir 
for comboftion than coak or charted coalpit 
contaiiM no fulphur nor any earthy or metallic 
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Biattets md hence it nerer runs into a hard 
vitreous flag as coak does, but burns away into 
a clean light a(h which falls through the bars of 
the grate, without choaking and hindering the 
draught of air, or melting down the clay walls 
of the furnace. The flues or chimnies alfo 
never colle£l any foot or foulnefs, and therefore 
never require cleaning. A much greater range 
of heat may be kept up by charcoal than by any 
ether fuel, for its utmoft intenfity of heat fully 
equals that of coal or coak, and befides it affords 
the great advantage of burning away very flowly, 
with a gentle and prett^r fteady temperature, 
when the fupply of air is juft fufficient to keep 
the fire alive. Charcoal (befldes being expen- 
five) has however the inconvenience of being 
too light to bear a very ftrong blaft of air in com- 
mon blaft-furnaces, except it is in larger pieces 
than is often convenient, and it alfo burns 
out very rapidly in a ftrong draught, fo as to 
require a conftant fupply. I here appears to 
be very little reafon for preferring the charcoal 
of one wood over another, provided both are 
equally well burnt. It may be added that the 
wood intended for charcoal is always previoufly 
barked; when this is negle£le<l the charred 
bark as foon as it is kindled burns with a (hort 
but prodigious eruption of fparks, often incon- 
venient to the operator. 

Coal is the fuel almoft invariably ufed in this 
country for common culinary purpofes, for all 
manufaAuring fires where a moderate heat is 
wanted, and the fubftance is not injured by 
the fmoke, or can be put out of the reach of it 
(as in brewers and diftillers coppers) and in the 
laboratory for heating fand-baths, for fmith's 
forges, and alfo for the reverberatory furnace. It 

D rives a large, ftrong, ^ and very lading flame, but 
or any intenfity of fire it requires a pretty large 
and high chimney, and a wide afli-hole. 

Coak gives a very ftrong heat without flame, 
and this is the general material for ftrong wind 
and blaft furnaces, where an intenfe and durable 
heat is required. Coak, in the way it is com- 
monly prepared, always gives out at firft a blue 
fulphureous flame, which ceafes when fully 
red-hot. On account of the great denfity of 
this fubftance it bears the blaft extremely well, 
but being a much lefs pure combuftible than 
charcoal, and containing a mixture of earths 
and oxyd of iron, it is very apt wheh nearly 
burnt out to qike together in an intenfe heat, 
and to run into a tough cohefive flag, quite* 
glally and fonorous when cold, and which melts 
on tne^iur&cetpf the crucibles, and can hardly 
be dtutbed from them. Cook atone U not 


eafilv kindled, and requires a much more powers^ 
ful draught of air than any other fuel, fo that' 
it cannot be burned in an open grate except it is 
in very large quantity. Its com bullion is mate# 
rially aflifted, and its vitrification when nearly 
burnt out is much prevented, by mingling it witn 
about its own bulk of charcoal, and thefe two 
together form the very beft material for the 
furnaces that require an intenfe heat. 

Coal cinders^ picked from a common fire, by 
removing the coal juft when it ceafes td blaze, 
and before it begins to bum to afhes, is often 
preferable to coak for laboratory experiments^ 
as it is of a much lighter and looler texture, and 
much- lefs fulphureous, and burns more readily, 
giving out a very intenfe heat. 'Fhe beft New- 
caftle coal, of tlie kind that foftens in the fird 
and is highly bituminous, gives the beft citfdet 
for this purpofe, which, when cold, is glofly, 
light and fonorous. 

A mixture of refufe coal and charcoal made 
up into irregular cakes and charred together 
has 'been introduced of late years for ihalt- 
houfes and fimilar purpofes where a ftibng 
clear heat is required, and this, when broken 
into fmall pieces, anfwers extremely well for 
the laborato]^. 

Culm or Welih Coal (which has been de^* 
feribed under the article Coat) differs from all 
the common kinds of coal in burning without 
any flame or fmoke, or leaving much reiidue. 
In this refpc£l it more refcmbles charcoal, and 
it has been found to anfwer very well as a fiiel 
for fmall bhiil-fires; and being much Jieavier 
than charcoal, it is not fo readily dilperfed by 
the force of the ftream of air. i 

Kilkenny Coal is nearly of the fame nature* 
as culm, but not fo pure. 

Turf fliould not be unnoticed, though it ii 
feldom ufed. It is a ufefui material for light- 
ing fires, and it burns for a long time wim a. 
low fmothering heat, and much pungent fmoke * 
when the draught of air is very fmall. It ' 
might be employed for long digeftions with a 
very gentle warmth, even more efle£liial]y than 
charcoal, and at very fmall expence, but thefe* 
operations are now chiefly performed by the 
lamp, which is on the whole to be preferred. 

# # # # # 

We fhall now deferibe fome of the furnace# 
aAually employed in the laboratory. 

PI. VIII. Fig. 77 and 78 are a view andy 
feflion of Z)r. Black^s Portable Fumaee^ as it im 
called, beiVig, with feme variations and improve- 
ment, that which vras invented by that eminent 
p|dlofophet% It obtfflfta of sm gtal iioa 
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't&a inch<»s high, 20 in its larged diameter^ and 
in.the (horteft, lined with fire bricks for 
about three fourtfis of its Iieight from the top, 
which forms the body of the furnace, and the 
firft elbow of the chimney, whilft the lower 
part, which isnot lined, forms a very fpacious afh- 
pit. Being very heavy it is put upon caftors, by 
which, with the affidance of the ring handies on 
the flde, it may be moved along a floor without 
difliculty. a, is the body of the furnace, 
which is cylindrical, but a little oblique, that 
the flame of the fluel may heat the fand-bath 
fomewhat more equally than if it were a draight 
cylinder J The breadth of this cylinder is 
inches, and its height 15; the grate c, lies 
acrofs the bottom. This fire place has the fol- 
lowing fix openings above the grate. I'he 
highed is the large opening at the top, which, 
when a fand*heat is employed, receives the 
fand-bath i, and Fig. 82, and when this is not 
wanted, is covered by a thick iron plate lined 
with clay. Fig. 80, in die center of which is a 
fmall hole fitted with a dopper, Fjg. 81, through 
which the date of die fire may be feen without 
fcorching the face. The next opening is the 
elbow of the chimney, which widens as foon 
.as it takes a perpendicular diredion, and for 
the fird few inches forms a part of the iron 
cafe of the whole furnace, and is lined with 
xtay, after which it is elongated by a conical 
iron chimn^, Fig. 79. Even this imall length 
.of flue is fuincient to keep up a very cpnGderable 
heat when the fire is well fupplied with fuel, 
but to raife it to the intenflty requifite for 
melting cad iron, it is neceflTary to add feveral 
feet of iron pipe of the fame diameter as the top 
of Fig. 79. if it is fet under an open brick chim- 
ney, or clfe^ (which is often more convenient) 
to clofe the throat of the brick chimney with an 
iron plate, leaving only a round hole in the 
middle, into which the upper part of the pipe. 
Fig. 79. clofely fits. In this cafe no further 
length of iron flue is required to give a very 
ftrong draught through the furnace, capable of 
raifing heat enough for almod any purpofe of 
the cnemid. Oppofite the chimney hole in the 
body of the furnace, and a little below it, is the 
opening r# e, which ferves to introduce fuel 
when me J||pper opening is engaged by the fand- 
l^th, ai^^e heat of the latter may alfo be 
leflened ^ pleafure by leaving this hole open, 
vrfiich ttiifes a draugtit of cold air to rum in 


vi^ich canies a draugnt ot cold air to rufli in 
^refkly: round the bottom of the fand-bath. 
Thicyit*^!^ openings are two fmall round holes, 
jppeoed dire£Uy oppofite each other at right 
the perpendicular of the chimneyt , 


and ferving to introduce an eardien or Iron tub^ 
the ufe of which will be explained under the* 
article Hydrogen [Apparatus for). Below thefe 
is the fixth opening, </, d, cut of the proper 
(hape to receive a muffle for which it is in- 
tended. The openings e, d, and g, are properly 
fitted with very thick doppers, w*hich are fur- 
ther covered with pieces of iron plate clofely 
Aiding in grooves, in the Way reprefented in 
Fig. 77. -The afli-pit is merely the lower part 
of the iron cafe that inclofes the whole furnace, 
and is furnilhed with two doors, j, by whicK 
the draught of air may be regulated. The 
rings i (of which there are two correfponding 
ones on the oth,er fide) are intended to fupport 
upright pieces of thick iron wire, which, with a 
crofs wire over the top of the furnace, will ferve 
to fufpend any veflel or other body over or in 
die furnace, as may be required. 

A great variety of operations, and on a tole- 
rably large fcale, may be performed in this ufe- 
ful furnace, which is very durable, and being 
heavy and fubdantial, it is not liable to be da- 
maged by accidental blows, or eafily difplaced | 
and it is befides extremely lafe in a room, pro- 
vided the chimney is clean. The iron cafe 
fliould be now and then rubbed with black lead 
to prevent its ruding. This arrangement of 
the chimney allows very free accefs to the body, 
of the furnace, and the thicknefs of the walls 
prevents the operator from being at all moleded 
by the intenfenefs of the heat. It is the lead 
convenient for naked didillation from an earthen 
or iron retort, for though fuch a veflTel might 
be fet on a retort dand with its beak proje^Iing 
through the opening 1/, neither the fize nor 
lhape of this opening are well adapted for this 
purpofe, and to give a drong heat, a dopper of 
foft brick with a deep llanting groove mud firft 
be fitted in. 

Fig. 83 and 84, of PI. VIII. are ^ view and 
fedion of a MiMe Furnace^for very intenfe heat% 
employed by Pott, and afterwards by Darcet, 
in experiments on the habitudes of earths and 
dones in long continued and violent heat. The 
condru£Hon of this furnace is Ample and obvi- 
ous ; n, is the body of the furnace, in form 
of an oblong coffer, bulging out in the middle. 
c is the grate danding over the afli-hole f i e \% 
the hole for the muffle ; is the dome or up- 
per piece of the furnace, with a very large door 

tnrou^h which the fuel is introduced. The 
draught is raifed by a long peipendicular chim- 
ney. Fig. 8c. 

PL If. Fig. 41. is the lower part of a finsll 
Portablt Cbambor Furnace^ * often ufe 4 in the 
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•tisAine ibomV Mid fitted for a ^eat variety of -blaft tifiog from the lower pot' divides* itfeif’ 
purpofes. T he upper part (wmch is not here equally through the four or fi'x biaft-hules in the 
given) is a rounded dome terminated by a per- bottom of the upper pot, and very foeedily raifes 
pendicular iron Aue. a very intenfe neat. No luting whatever is re> 

It is introduced here merely to (hew the ex- quired here, the pots arc fimpiy ground fmooth 
periment of procuring bydregent by palfoig (team with water on any flat (tone, and when ufed are 
throueh a heated iron tube, as will be further merely placed in the manner here given. As 
deferibed. they are only the lower parts of the large cru- 

The furnace itfcif is a neat iron cafe lined cibles, the cliemill may- often find what will- 
with fire-brick, and fnrnilhed with openings far anfwer his purpofe from the crucibles that are. 
a varietv of purpofes. flawed or otherwife damaged. The Hoppers 

PI. iJC. Figs. 86, 87, 88, and 89, reprefent a are made very eafiiy out ot the foft Wiiutfor 
view and fedlioii of a Portab/e Blaji Furnace^ brick. The bello^iS are fixe«l to a heavy- Itool, . 
ef iimple conftru£iton and little expence, which and their handle is lengthened'to work eafjer, 
was fuggefted to the writer of this article from but of courfe any other form of double-blait 
one of Dr, Lewis’s, and deferibed at large in bellows will anfwer as well. To proteA the 
the Philofophical Magazine, vol. xvii. a and b eyes from the dazzling heat which is produced 
Fig. 86 and 87. are portions of two common in the pot bg it is often advifeable to cover it 
black lead pots of the fame diameter, the with the pot Fig. 88, which has a wooden 
lowed of which is inverted, and dands upon a handle g, fixed into it, and an opening for the 
fmooth done, /, which is fupported by an iron flame and fmokey^ which may be turned away, 
trivet about a foot from the ground. The pot, from the operator. 

a, receives the blad of the double bellows as The black-lead pots are the eafied cut by an'^ 
here reprefented, through the hole h. 'Fhe upper old thin table knife deeply hacked op jagged, 
part of this pot (or what would be the bottom PI. IX. Fig. 90 and 91, is a plate and ie£lion- 
when ufed as a crucible) being confiderably of the Reverberatory Furna^'e^ ufed for roading 
> thick, will allow of a fmali hoilow to be icooped and fmclting ores both in the large way, and,- 
out of its fubdance, through which a wide hole on a fmaller fcale, for experimental purpofes. 
mud be drilled to the cavity below. By tins In this furnace the fubdance to be heated is not 
means the blad rifes in a perpendicular direction in a£lual contafl with the fuel,- but is drewed 
and equally into the pot indcad of fpending on a feparate floor or hearth, placed between 
• itfelf chiefly on the fide oppofite to the bellows, the fuel and the chimney, and is heated by 
which would be the cafe if the lower pot was the flame in its paflage through. The floor 
not inverted, b is the pot which contains the on which the ore is fpread is called the labora- 
fuel and the crucible or other matter to be tory, and is fometimes horizontal, but gene« 
heated. It is prepared in the following manner : rally on an inclined plane, floped-frum the firo- 
drill a hole through the bottom with a gimlet as place to allow the metal when reduced and 
exa£)rly in the center as poifible, and enlarge it • liquefied to colleA and fettle at the lower end. 
to about the fize of a fliilLing. This hole is not The floor of the laboratory is formed with fand 
for the paflage of air, but to receive a crucible mixed with a little clay, and well beaten into 
Hand, F, and Fig. 89 in the form of a Hopper, a fmooth compa£l furface, and this is fome- 
which keeps it fteady. Then ftrike a crrcle-with times further coated with a mixture of charcoal 
compafies on the fmoothed bottom of the pot powder and clay. The roof is vaulted, and 
Found the center hole, and bore through it upon low, fo as. to allow but a narrow fpace for the 
the circle at equal diftances, four or fix large gim- paflage of the flame, but the precile curve to be 
let holes, in a flan ting, direA ion, fo that if length- given it is of little confequence, provided it is 
ened they vvpuld all meet nearly in the middle as flat as is confident with due Itrength, in 
^of the pot. No extreme nicety however is ne- order to contract the fpace between it and the 
ceflary ki the precife dire^on of thefe holes, floor. The lowed part of the floor of the labo- 
but the general intention of the oblique direflion ratory r, is called /Ar crucible^ and is generally 

S iven t&m. is to concentrate the force of the left uncovered when the furnace is .chargM, as 
re upon the center wliere the crucible d is itis intended to receive the.meited metal, whicih, 
^placed. Thefe two pots are all that is eflential when aTufficient quantity is colle£ied, is- drawn ' 
•CO the funiace, and when lighted charcoal or oflF from time to time mroogh the channel 
ohiders are put in and the bellows worked, the which is /kept plugged up : with clay till tAe- 

a ftospsd cavity ii liibmvcr.ky aiiiftske ccprcfcaud asadk deeprr ebui tbs Rsi tbkkncf» ef tbc pot woidd xdlow- 
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tnomect of cafljng. The grate of the fire-place 
i, is fixed a little lower tliaii the level of the 
adjoining and upper part of. the floor of the 
luTOratory. The fuel is thrown in tluough a 
fidc*opening iif.and is of a fort that produces 
spuch flame, fuch as wood or pit-coal, which 
therefore muft traverfe the whole length of the 
laboratory to reach the chimney 6* The draught 
of outer air comes in through the aih-pit, and 
often is brought immediately from without, 
through die channel /• The cnimney h, fome* 
times rifes perpendicularly immediately above 
the crucible r, but at other times it leaves the 
laboratory by a fide-opening, as here reprefented, 
which plan is particularly adopted in long ranges 
of reverberatories for fmelting in the large way, 
^here onp lofty upright chimney ferves for two 
furnaces, receiving a lateral flue on each fide. 
The laboratory has befidea two feparate openings, 
one at Cf which is in the fame line with the 
aloor n, of the fire-place, and ferves to intro- 
duce the ore ; and the other at g, which looks 
along the whole length of the laboratory, and 
allows the introdu£bon of a kind of iron rake, 
hf which' the fcoriae are drawn out. This open- 
ing has alfo a fmaller fight hole in the center of 
the Hopper^ by which the progrefs of the work 
ofay he examined, or an iron har may be thruft 
in to ilhr up the materials. The breath of the 
laboratory at its upper part is the fame as that 
of the fire-place, but it gradually centrals to- 
wards the lower end, that the heat may be 
concentrated upon the crucible where it is the 
moft needed. 

PJate X. h a perfpeAive view of a very con- 
venient and well contrived fet of fixed furnaces 
lately built by Mr. Pepys, at his laboratory in 
London, whofe liberality has allowed us to 
procure a very accurate drawing of the whole* 
reduced to the fcale thereto added. Plate XI. 
contains two reprefentations of the fame; the 
fliaded plan being a fe£lion on the level of the 
^grates* and the outlineplan, a perpendicular 
view of the furnaces. Tne letters of reference 
are die fame for all. Plate XII. alfo contains 
' certain detached parts which could not be re- 
prefented in the general view. 

This fet of furnacds confifts of the following, 
viz. a ftill with its wotm tub*— a forge hearth— 
a muffle futnace— a ftrong draught furnace for 
melting— a furnace for naked diftiUation«-^a 
fquare fand bath for digeftions-^-ond a round 
.<fand bath for diftillation. 

There is befidcs a (mall fpace left on the 
^•lame ' level as the top of tijefe furnaces cm 
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thefe furnaces are .five in number, plac^-fi4a 
by fide; and proceediiig to the top oi the build- 
ing about 20 feet. '^The face of this ftack of 
chimnies ptejeds about a foot and a half into 
the room, and from it a fereen prmcfls, level 
with the cieling of the room, which hangs down 
in a floping dire£lion to about fix feet ^om the 
.floor. Its ufe is to coUe£l and convey away all 
the fmoke and fumes which would otherwife 
efcape into the n>om. Each of tbe£^ parts re- 
quires a fuller defeription. 

A is the If^orm Tub belonging to a ten-galkci 
Still B, which is of the ufual form, and con- 
tains alfo a water-bath. The chimney, C, of 
the fire beneath the Hill is arched, and pafles 
acrofs the vacant fpace Q. into the firft of the 
upright chimnies into which it opens. 

E is the Forge Hearth. The blall pipe a of 
the bellows (which are moveable at pleafure) 
rifes up into the hearth at b where the fuel is 
laid, as in the common Imith’s forge, and the 
finoke is carried off by the moveable iron pipe 
D, which paffes up beneath the fereen N (part 
of which is reprefented as broken away to ihew 
the courfe of the pipe) and enters the nrft chim- 
ney. The heartn contains two fmall trenches 
at d, in which tongs and pincers may be con- 
veniently fet.' 

F*is a Miiffle Furnace of fimple conftrud^ion. 
The muffle is introduced by a fide fquare open- 
ing at Fa PI. X. The top of this furnace is 

J pite flat, and is covered by a very large thick 
quare brick, incloled in an iron rim, which 
fimply lies upon it. The iron rim fupports a . 
handle by which the cover may be conveniently 
removed. 

The center of this range is a ve^ powerful 
Draught Melting Furnace. G is the body of 
the furnace, which is nearly in the form of a 
double cube. The upper part of it is formed 
by a bank of brick work, H H. Pi. X. and Xj. 
projedling forward in an inclined plane upon 
the common level of the top of the whole range 
of furnacesj and cut down in the center, forming ' 
the large fquare opening at H* PI. X. whiem 
looks downrinto the l^y of the furnace* This 
floping dire&ioiinf the U|^f mcning gives n 
very convenient acceis to the me fmr adding 
fuel and managing the crucibles, and the whole 
opening is clofed by a thick brick fimilar tp 
that which covers the muffle fumape. Oppofite 
the center of the opening at H, PI. A. ^ 
the chimney of the melting mmace, (reprefented 
by a very daih (hading) umich gops horizontsJ^ 
,fo^. inc^^ jfJ^ (prjcpf 
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moll of the five perpendiciilar chimnies. This 
k the only chimne;^ the draught of" which is 
never difturbed by the reception of any other 
fine. At the lower part of the afli-pit of this 
furnace is Ijeen a fquarc hole in Pl^ X. which 
opens from behind^ and is the termination of 
the brick canal, a, PI. XI. which runs beneath 
the floor of the laboratory, and communicates 
with the outer air at i T'he ul'c of this is 
to aflibrd an ample fupply ofair to the furnace 
from without (and confequently cooler) which 
much increafes its force ; and alfo, more parti- 
cularly, to allow 'the operator M'^hen ftanding 
before the furnace, to put a board to intercept 
the draught from the room to the afli-pit, 
which in winter is very troublefome from the 
chill which the cold air gives to the legs in 
rulhing by. The grate of this, as of all the 
other, furnaces, is not fixed in the brick work, 
but is fupported merely by two iron bars a little 
below the bottom of tne body of the furnace, 
upon which it Hides in with eafe, and when 
worn out or damaged, may be entirely drawn 
eway by the opening of the afli-pit, and another 
put in its place. This is particularly ufeful in 
the melting furnace, as the ihtenfe heat is very 
apt to damage and dellroy the bars of the grate. 

I is a furnace for Naked D^iliaiiott. One 
fide of it is cut down the middle to admit the 
beak of an earthen retort, and pieces of thick 
brick properly hollowed are introduced over 
and under the beak to fill up the cavity. A 
perpendicular feflion of this furnace is given in 
PI. XII. Fig. 94, which is introduced chiefly 
as giving the proportions between the body of 
the furnace, the aih-pit, and^ the flues, which 
will anfwer for all. 

K is a Digejlwg Sand Bathf or fquare flat- 
bottomed iron pot, fet over a fmall furnace and' 
filled with fand. On k evaporating pans and 
any other glafs veflbl may be conveniently placed, 
to receive a fafe and gradual heat. The flame in 
this tnftance does not immediately proceed from 
the fuel to the chimney, but is caufed to pafs 
again round the iro;i pan, as in the outline plan 
K. PI. XI. The pan is alfo fliewn in PI. XII. 
Fig. 93. 

JL is a common Sand 'Bath Furnace^ Inftead 
of the fand bath a boiler may be fet over the 
fire when wanted. 

M' is a flat furface level with the top of all 
the furnaces, on which any thing may be fet 
away, dr which .will very conveniently fupport 
a portable furnace, and for this latter purpole 
a. fide opening is made in the upright chimney, 
to .which it is eontigiious, whi^ open^ into it, 

VOL. II. 


about -the fame height as the flue D, oh the’ 
oppofite fide. 

Near the top of the room are fquare. 
doors reprefented on each fide of O, PI. Xt. 
which communicate with each of the . upright 
chimiiies next tlie centrc^oiic,'and may be opened 
occafionally to let .out any noxious fumes, or to 
infejrt the pipe of a portable furnace.. 

•The whole of this range of furnaces, as al- 
ready mentioned, is fronted with a (olid fereen, 
OF kind of awning of malbnry, which fpriiigs - 
from the cieling contiguous with the wall of the 
room, -and conics down in a (loping dircflion 
fo far forwards as to projeft over the front of 
the furnaces, and as low down as will admit a' 
perfon to (land conveniently under the lower 
margin. This fereen, NN, PI. X. is repreiented 
as broken away both in front of the upper part 
of the flue D, and alfo of the upper part of the 
face of the five perpendicular chimnics, fo as to 
fhew the doors on each fide of O, which other- 
wife would be hid. All fmokc and noxious 
fumes therefore, which cfcape from this part of 
the laboratory, are caught by the fereen, and. 
riling to the top may readily be carried olFby 
opening one of thefe^ dooi^s. 

PI. XII. Fig. 92. reprefents the iron door of 
the (lill and fand-bath furnaces, which is double, 
the inner one being coniie£led to the outer by a. 
hinge, which caules it. to open and fiiut.at the 
fame time. The lower door alfo is fomewhat 
uncommon in conflrudlion, having a circular 
opening round which revolves an iron plate* 
partly perfomted, fo as to adl aS-a regiftco 

9S> 97» Tongs of various 

conftrudlion. 

GAS. {Apparatus for fatiirating fluids with.) 

. It is often required in chemical operations to 
impregnate water or other liquids with one or 
other of the galies, and a great many ingenious - 
contrivances liave been invented for the purpofe. 
To efte£l it complcatly, the liquid muft.be fo 
fituated as to have a quantity of the gas confined 
wdth it ill a clofc veflel, or conftantly palling 
through it, and the abforption is always much 
aiFifted by artificial preflTure or agitation, or both 
together. 

.Some gaiTes, fuch as carbpnic acid gas or 
fulphuretted liydrogeti, arc fo foluble in water 
that this fluid may be made to take up a coxifide- 
rable quantity fimply by being (haken togeth^r^ 
in a clofp phial, and therefore for extempora- 
*neou8 purpofes, where the wade of a little bf 
the gas-is not an object, nothing irore is neoef- 
fary than to. fill a common phial 'quite full 0/ 
diftilled water» to invert it in a Ixnall teariup 

3 * ' 
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full of the faiiit) to introduce Under the Inoudi 
the tube of a pro^ bMte^ and to throw up aa 
much air ap will expell about half the water mm 
the phial i then keepine the finger ch>fe upon 
the mouth of the phial (hake it very violently 
for a minute or two, and fo much of the gaH 
will be abforbed as to produce a very fenlibte 
vacuum in the phial. But as large quantities 
of aerated water cannot be prepared in this way, 
fome machine ivS required to prefeiit fucceffively 
to the fame portion of iluid a frefii fupply of 
gaS) tilUit is as fully faturated as can be done 
under the degree of prelTure employed. 

The mactnne invented by Dr. Nooth, and 
known by the name of Apparaiui^ has 

long been in common ufe for this purpofe, and 
though it has fome defects, it is on the whole 
a very ufeful apparatus. This machine, PI. ill. 
Fig. 46. conCifts of three vedels ( the lowed, 
has a very broad flat bottom, that the whole may 
Hand fleadtly. It contains the materials from 
vdnch the gas is given out (marble duft and di- 
lute muriatic acid for example^ when a carbon- 
ated liquid is to be prepared, wliich is mod 
commonly the cafe) of which a frefh fupply is 
from time to time to be added thtxHiffh the 
opening made for that purpofe, the ftof^r 
.of which muft fit very accurately. The 
gas pafles through the valve b, into the 
ve&el c, which contains the liquor to be im- 
pregnated. A fe£lion of the valve is repre- 
lehted feparately in Fig. 45, and cotififts of a 
portkm of a glafs tube open at bottom, and 
clofed at top, but perforated with feveral dnail 
Ifoles, and which fits clofcly into the bottom of 
the veflel a a, that contains the liquor. The 
inner part of the tube is partly filW with two 
thick pieces of glafs tube (re^^efented by the 
deeper fading) with the fmall perforations c 
and r. The ipace between thefe two pieces is 
occupied by a glafs valve in the form of a plano- 
convex lens, which lies flat upon the lower piece 
on which it fmoothly fits, but is eafily lifted up 
by the influx of gas from below, fuflicient to 
allow it to pafs ; whUft it is fo .far confined that 
it cannot be turned over, but immediately falls 
down again in its proper place. 

The middle veffcl c (Fig. 46) has u glafs 
ftop-cock to draw off the liquor, and into it 
dips die end of an upper veflel j/, which ts 
intend^ to aflbrd a fmall preflure on the gas in 
r, and alTe a conftant circulation of the uquor . 
ftoih one to the other. At the top Of ^ is a 
i^opper, wideb is the only johiing of tlie whole 

« aratus Which "is not required to fit very 
ft, Wk is only intetided to allow the exceft 


of Ms to efcape 1 ahd indeed ft flioaM fie ratlier* 
lootely, otherwife it allows fo great a quantity 
of "^as to coUe& within, that when it is foVOed^ 
up tt is often projeQed to feme diftance. A 
loofe cork anfwers as well. In ufing this appa.- 
ratus, fo much liquor fhouidbe poured into the 
middle veflel as to rife fome way above the 
bottom of the tube of the upper veflel that dips* 
down. The gas being then generated in the 
lower veflTel it rifes through the water of r, 
up to the jun^ure between c and d, whete, not 
being able to efcape, it accumulates^ and by4l6 
preflure caufes the liquor to flow through the 
bent tube into driving before it the atmo&* 
pherxeal air. When the liquor has thus falleti' 
in Cj below the level of the dip of the bent tube, 
the gas rifes through this tube, and in its paflago 
pirates the liquor in d, and fends down a por^ 
tion % ^nd thus a conftant agitation is kept up 
which highly favours the abforption. 

The chiet inconvenience of this machine is 
the number of parts of which it is formed, and 
the accurate grinding required for all the pieces 
that fit, Which makes the apparatus expenfive, 
and not eafily repaired when any portion is 
broken. 

A much Ampler, cheaper, and equally good 
^paratus is that veprefented in PI. III. Fig. 47. 
invented by the late Dr. Hamilton. It confifts 
of three parts. 0 is a tubulated retort, with a 
feort thic^ neck, fitting accurately into the de^ 
ednter-ihaped veflel b. Tiie retort contains die 
vfubftances whex>cc the gas is procured, and has 
the advantage over Nooth's apparatus, in allow- 
ing heat to be applied, fo that it will ferve for 
making liquid cxy-muriatic acid, and for many 
other purpofes. 

The upper veflel c fits into the decanter, and 
belides has a long glals tube proceeding from 
die bottom, and ground accurately to it, which 
reaches to the bottom of b. The veflel r (houid 
hold about as much as the decanter. The ufe 
of this apparatus is obvious. 'Fhe decanter is 
firft filled with the water to be faturated nearly 
ais high as the point where the retoit enters, 
and the advantage of die decanter-fonn is thot 
very little common air is then left in» The 
influx of gas from the retort accumuhitiiigat 
top of b drives the contained liquor up die tube d^- 
into the veflel r, till the decanter is quite empty 
of water, and only filled with the gas, on whion a 
coniklerabie ptefmie is therefqre ulwuys kept 

\ 

This apparatus is not itadily dfnmgeAy hs 
pants are fteong and fimple^ and it vrill bear as 
much (baking as bfoodili tqtiig 
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talcen to teep the retort itfelf as ftill as poflibie^ 
*that none of its contents mix with.thofe of tl^e 
4le<^nter. 

Another, apparatus^ fimilar to Dr. Nooth's^ 
hut fomewhat better^ is formed by the vefleis 
h and d of Fig> 429 adding to the top of d the 
Tcflel a of Fig. 44. A valve is placed between 
, h and d fimilar to that of Nootli’s apparatus. 
But as thefe vefleis alfo belong to an improved 
IVmlfds Apparatus^ we ihalT mention them 
vnder that article. 

It fliould be obferved however that the ut- 
moft efFed of the bed glafs vefleis in impreg- 
nating water with carbonic acid, or any other 
gas, is very far ihort of the power of the forcing 
pump $ and it is by this latter method that aU 
the brilk foaming carbonated waters are made 
which are confumed fo largely under the names 
of artificial Seltzer, Soda, Pyrmont waters, &c. 
Mr. Paul, of Geneva, appears to have been the 
iirft who adopted this excellent method of 
making the artificial mineral waters. 
GAZOMETER. 

Thefe are vefleis of various (hapes and con«* 
trivance, intended as refervoirs to hold a pretty 
large quantity of gas (feveral gallons for ex- 
ample) and are indifpenfible in a well-furnifhed 
laboratory. The^ are made of thin tinned 
iron-plate, well japanned on both fides, and 
mod of them have fome contrivance for mea- 
furing the quantity of gas which they contain. 
We (hall deferibe three kinds of gazometer, all 
of which aie in common ufe and anfwer very^ 
well. 

PI. V. Fig. 6 \ and 62 reprefent a view and 
fe 61 ion of a common gazometer. The letters 
in each refer to the fame parts: a a\% the outer 
pail or circular veflel, with a fpout at top. Two 
tubes d and e (each fitted with a dop-cock ex- 
ternally) are firmly foldered to the fides of the 
pail : the tube d penetrates at the bottom of 
the pail and proceeds to the center where it 
joins the termination of the tube which enters 
the top of the pail and proceeds downwards ; 
and from the place of jun Aion the upright tube 
^ Txfes througn the middle of the pail a little 
above the level of its upper rim. The veflel b is 
a cylinder open only ait the bottom^ and of lefs 
diameter than the pail, into which it is in- 
verted, and can more up and down freehr. 
This cylinder has a folid deih r, which pafles 
idirough a hole in .the wooden pt>fs tar of the 
fmme round the top of the paH, arid ferves 
iboA to keep the jcyUnder in a perpendicular 
4 irei 6 kton when moving upsnid down, and to in- 
dicate tho quantity of jDclefedgas bf the gradu* 


ation on its furface. The weight of the eyltti- 
der is counterpoifed by weights put in a fcale 
difh, which is connected to the top of the cy- 
linder by a cord and pulley. TTfe pail has 
befides an opening through its bottom clofed.fay 
a feparate ilop-cock yi by which the water may 
be drawn oflF. The whole apparatus is conve- 
niently fupported on a heavy wooden ftool. It 
is not eflential to have both tne tubes ^ and d for 
the filling and emptying of the gazometer, but 
it is more convenient, as they are of different 
heights. To ufe this gazometer, firlt let the 
cylinder fall to the bottom of the pail, and pour 
water into the fpout of the latter till it is quito 
full. Then fhut the cock e and open d and 
connect with it the tube which conveys the gas 
immediately from the retort or other veflTel in 
which it is produced ; or, if more convenient;, 
fhut d and convey the gas through e- In either 
cafe the gas rifes through the upright tube g to 
the top of the cylinder b, which it gradually 
lifts up, and care muft be taken to keep in tlie 
fcale di(h fufHcient weight to allow the cylin- 
der to move with perfed freedom. When all 
the gas is obtained, fhut the cock through 
which it pafled, and it remains in the inverted 
cylinder ready for ufe. To take out a portion 
of it, cornieA with either of the flop-cocks a 
bent-tube clipping under the jar, or whatever 
veflfel it is to be received in inverted over water, 
and at the fame time lift up the fcale dlfh« on 
which the cylinder will prefs down by its own 
weight, and force out the contained air. The 
^tube which terminates at r is a verv convenient 
height • for a blow-pipe, either ror common 
air or efpecially for oxygen gas, and ftraight 
blow-pipe tubes are made for the purpofe, 
which may be of the fize to . fit on clofely, 
or may eafily be made to do fo, by the in- 
tervention 01 a cork. It Should be obferved 
that in this apparatus the weight of the cylin- 
der is conflantly increafing in proportion as it 
fills with gas, and rifes out of the water, and 
confcquently if the counterpoifing weight is 
only equal to that of die cylinder in the* firft * 
moment of its rife, the gas becomes gradually 
more and more comprefled by that part of the 
weight of the cylinder which is not counter- 
poiied, and if its quantity is then eflimated by 
the bulk which it ocewies, without making 
allowance for the increafing preflure, a materi^ 
error would arxfe. To compeiifate for. this 
increafing weight of the cylinder, znd render < 
fcale of equal graduations accurate, fome have 
ingeiiioufly adopted the plan of a fpiral pull^ 
to the cord, which has the efibft of gracHial^ 
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ijicrealing the weight of the counterpoife m 
prraorcion ‘the cylinder rifes from the water. 

Fig. 63 is a gazometer on the fame principle 
as Fig. 61 & 2, and differing from it only in 
this angle circ.umllancc, viz. that the outer pail 
has the greater part of its capacity filled by a 
hollow cylinder h. h. which is clofed on all 
fidcs except a perforation through its center to 
admit tlie upright air*tube g, and is firmly fol- 
dered to the bottom of the pail. The ufe of this 
fixed cylinder h is to leffen the bulk of water 
ncccflary to confine the gas in the moveable 
cylinder b, and which in the firll deferibed 
gazometer is often inconvenient from its weighty 
as it fills the entire capacity of the pail except 
the fmall fpace occupied by the mere fubflance 
of that part of the cylinder b which is immerfed. 
Whereas in ‘Fig. 63 the quantity of water re- 
quired is only that which will fill the fpace 
a a between tlie pail and the fixed cylinder A, h* 
in which fpace the gas-cylinder b moves up and 
down freely. The vaulted form of the upper 
part of this latter cylinder is aUb an iniprove- 
ment^ as it admits of the air remaining in it 
being more completely emptied by the pipe g 
before a frefh diflillation of gas is begun. 

Plate. VI. Fig. 64 is a very ingenious and 
ufeful gas-holderi with a ciflern at the upper 
part, v/hich on the whole combines more con- 
veniences in the management of gaffes than any 
other. It confifls of a finned iron hollow cy- 
linder highly japanned, on the top of which 
is fupported by three folid legs h. h. the pan or 
ciflern b. (the glafs jar c is not a part of this 
apparatus, but is only fhewn in this place as 
convenient for many experiments). The hol- 
low cylinder a is plain in the infide, except a 
fmall projedlion at the bottom of d. It has the 
following fix openings into it. From the top 
proceed the pipes f Sc gj each of which alfo 
communicates feparately with the pan b. (the 
tube g is often made parallel with J, which 
anfwers as well.) The fhort tube e alfo opens 
dirc£lly into the upper part of the cylinder, d 
;is a pretty large opening formed by a fliort pipe 
which enters the cylinder at an angle of about 
45®. and pafles.down for an inch or two in tlic 
fame direction. At this angle the water will not 
run out through it from the cylinder, provided 
all the tubes th^t would admit the prefiure of 
the external 'air are clofed. This opening d^ 
has a flopper which may be ferewed on when 
i^axrte J. Befides thefe four openings, which 
are eflential to the apparatus, there jare two 
others, k. k, one at top and the other at bottom 
.^hat communicate folely with tlie graduated 


glafs tube /, which is flrongly folderedlnto-^b k^, 
which ate of brafs. The ufe of tbisis to fhew- 
by iiifpeflion of the glafs tube the level of the ' 
water within the Under, andnconfeauently the 
quantity of gas which it contains. 'Fhe ufuat 
capacity of the cylinder for ^experimental put- 
pofes is about X2 quarts, whiclV are marked on x 
paper fcale cemented to one fide of the glafs tube. 

To fill this apparatus, 'firfi: (lop the openings 
d and and open f and then pour water into 
the pan which will fall down into the cylin- 
der by one of the open tubes^ whild the air 
which it contained, will.cfcape by the other.. 
When the cylinder a is quite full of water,, 
which is known by infpecting the glafs tube» 
(lop the cocks at f and g^ and open d^ and 
the water (as already mentioned) will hot flow, 
out. Then introduce the beak of the retort 
or other condu£ling tube, fo deep into d^ that 
it projetls beyond the inner edge* and begin 
tlie produdlion of the gas. As this rifes into 
i7, it difplaces an equal quantity of water, which 
no^u) efcapes through d^ by the fide of the tube 
that brings the gas. When the gazometer is fo 
full tliat the level of the water falls to the bofr* 
tom of the glafs fcale, fliut the tube d^ and the 
machine may then be conveyed any where with- 
out danger of lofing any of the gas. 

This apparatus will anfwer a variety of pur- 
pofes. If, for example, a jar or any other 
veflel is to be filled with the gas, fird fill 
the jar with water and invert it ki the pan bf 
which is alfo to be filled. Then open the cocks 
at f and g^ and the gas will rife into the jar by 
one tube and the water fink into the cylinder 
by another. An empty bladder may be filled 
with the gas in the fame manner by ferew- 
ing or Qtherwife fadening the neck upon one 
opening and letting water fall down the other ; 
or it may be more conveniently fadened to the 
fide opening r, and then only one of the upper 
cocks mud be opened to let water down. The 
opening is. alfo very convenient for fupplying 
a blow'-pipe, and for this purpqfc thp flexible 
tube Fig. 68 may be fadened upon e. The glafs 
velTel c furniflics a convenient method of Ihew- 
the deilagratjon of iron, phofphorus, &c. in 
oxygen gas without ri(k to the veflel. It is 
quite open at the bottom, and has an opening 
of moderate flze at the top, to which is -fitted a 
cork fumidied with a ftop-cock. To fill it 
with oxygen from the gazometer, fird place it , 
on the pan full of water, 4 }y and through the ' 
ftop-cock fuck up the air till the water rifes, 
and fills it entirely, and then turn the pock 
while the lips are ftftl upon it. The jar is. thus 
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filled wi A watery after which the oxygen is let 
up by opening the cocks / 8c g as already de- 
fcribed. Then' remove the ftop-cock corlc and 
immediately fubftitute another cork previoully 
fitted to the jar^ and having the lighted iron wire 
fufpended from.it. The moment it is in the 
jar of oxygen « the iron takes fire and burns 
with the phenomena deferibed under that metal. 

It may be obferved that as the only intention 
of the ftop-cock in the cork is to enable the jar 
to be filled with water, any other method of 
doing this will anfwer as welL 

GUN - BARREL APPARATUS. This^ 
term is given by fome to the following. 

HYDROGEN, A^aratus for procuring. 

Under the article Hydrogen we have men- 
tioned that it is obtained in abundance by palling 
the fteam of water over red-hot iron, and 
an ingenious app.'iratus for the purpofe was in- 
vented by Dr. Prieftley, which has been fince 
» applied to a number of other experiments of re- 
fearch, where the obje£l has been to fend any 
kind of vapour through a tube containing any 
fubftance heated red-hot. The apparatus is 
fimply the following : PI. II. Fig. 41. ^ is a re- 
tort, the beak o& which is luted into one end of 
the tube b which lies acrofs a portable fur- 
nace in fuch a manner that the middle part 
may be heated red-hot, whilft each extremity is 
comparatively cool, c is a bent tube luted to 
the other ertd of and which may be direfted 
Under an inverted jar in a pneumatic trough, 
or any other veflel intended for the reception of 
gaffes. The middle of the tube b^ wliich lies 
over the furnace, is filled with iron wire or 
turnings clofely rammed. When this part of 
the tube is fully red-hot the water in the retort 
a is made to boil, putting a lamp beneath it, 
and the fteam pafling over the heated iron is 
decompofed, and the hydrogen produced by 
this method is, given out copioufly at the bent 
tube r. In tliis experiment the tube b is gene- 
rally a plain iron pipe, formed out of a gun- 
bartel, by filing off the breech. In fom.e cafes 
the tube may be of . earth, but it fl^ould be re- 
membered that eve* the clofeft pottery is fome- 
w»hat porous at a rcd-hcat, fo that it fhould be 
iuclofed in another tube of green glafs or metal. 

A gun-barrel tube for the fame purpofe is 
feen at Fig. 77. Vl. VIII. traverfing a Black’s 
furnace, and is mentioned under the article 
furnace. Where the fubftance to be heated in 
the tube is of a kind that will not keep its 
place, as clofely rammed iron wire will, the 
charge may be confined by a pellet of wetxlayc 
at each endj^hich as it dries iHrinks and cracksj; 


fo as to allow the pailage of aqueous. vkppuv 
and gas through it, but confines folid or pul- 
verulent bodies. 

HYDROMETER. See Specific GravitVit 
JAR. 

Glafs jars of a cylindrical fliape or nearly fo^ 
are indifpenfably neceffary in the laboratory, 
both for experiments on gaffes, and for holding 
liquors in all the common operations of filterings 
precipitation, mixture, &c. For the gaffes, the 
jars are ufually plain cylinders, Fig. 16. PI. L 
of various length and capacity, which (land 
fteadily enough when inverted over water, and , 
the margin of the open end is generally groundr 
fmooth, that when any flat plate, or a circular 
bit of card, is preffed upon it, the water may 
not drop out when the jar is inverted. For ex-' 
periments with mercury/ the jars fhould be 
fmaller and tliicker, and to ftand very fteadily^ 
jars are fometimes wider at bottom, as iit 
Fig. iH. The moft convenient jars for mix- 
tures and precipitation are fuch as Fig. 19, or 
as thofe which are reprefented^ ftanding under 
the four funnels in Fig. 65. PI. VI. thefe 
being broad at bottom, any precipitate can be 
more thoroughly edulcorated than in any veffcl 
of the wine-glafs fliape. The thick jar for ex- 
plofions with the cledlric fpark, fuch as in Fig* 
67, has been already deferibed under the article 
Uetonatinfr Jar. 

LABORAIORY. 

A convenient w'cll-furniflied laboratory is, of 
courfe, a principal obje£l with the chemift, 
though it may be fome fatisfaflion foe the 
lover of this attraftive Iciencc, whofe means of 
indulging it are very limited, to know that moft 
of the admirable rclearches of Schcele, Prieftley^ 
Crawford, and Berthollet, were carried on witli 
fuch fimplc and cheap apparatus as moft pc^ 
fons caii command. NevertheJefs it is of ex-* 
treme advantage to have a weJI-furniflied labo- 
ratory j accurate (and therefore ex pen five) 
inftruments are alinoft indifpenlible in many 
experiments of rcfcarcli ; and if we have f.ni- 
plificd many of the long and embarrafling pro- 
ceffes of the older cliemifts, we have, on the 
other hand, added meft abundantly to the field 
of chemical enijuiry by the knowledge of gaf- 
feous bodies, and equally to the number of 
inftruments now neccllary to carry on chemical 
refdarches. 

It may not be unacceptable to thiofl^ who are 
•entering upon chemical ftudies, to.give a fhbf;: 
lift of thofe articles of furniture which may be 
onfidered as almoft indifpdhfible to carry-on a: 
eiieral courfe of exp^rimentsi omitting how-? 
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met C^eral nice and complicated toftnilnentaf 
which have been devifed for many experiments 
of tefearch^ fuch as» for examplCf the compofi- 
tion of water. 

If the chemiO; hns opportunity of building 
a laboratory, or of converting a conliderable 
part of a fmali hoiife to the purpofe, it will be 
more convenient to have both a ground floor 
and an upper (lory } on the ground floor he 
may build his brick furnaces, keep charcoal and 
other fuel, grind and 6ft different materials, 
evaporate large quantities, and do all thofe 
ehings which make much dull or fumes, and 
teferve the upper room for the nicer and cleaner 
^periments. But if he can only devote a (ingle 
room to chemical ufes, it is on the whole pre- 
ferable to have it above the level of the ground, 
on account of its being much drier, for a damp 
air rufts every thing of iron and fteel, fpoils the 
fcale-bcams, loofens the gummed labels to the 
bottles, renders many falts damp and deliquef- 
cent, and produces many other inconveniences. 
The only advantage of a ground floor is . the 
j[[reater convenience of bringing water (which 
is abundantly required) but this is not at all 
counterbalanced by the trouble of dampUefs. 

The firft objefl to be confidered is the mode 
of applying heat, or the fele£lion of furnaces. 
If the chemiil has only a Angle ro6m with a 
common fite-place, the latter (hould be made 
us wide as pollible, and the grate removed to 
give room for one or two portable furnaces. 
Tliefe may be a BtaeVs Furnace with fand-bath, 
earthen tube, muflfe and other appurtenances, 
and a ffMtl which will fuflice for moft 

operations, befiefes which it is extremely conve- 
nient to have one or two large black lead pots 
wkh a grate near the bottom, an afh-hole cut 
below it, and the top deeply indented in the 
fma of battlements, over which a large eva- 
porating pan or other veifel may be fet, and 
neated bv charcoal. It is a great faving of 
room to nave an iron flue hanging a few feet 
from the ground, and running up in front of 
the chimney-piece, and penetrating into the 
chimney near the top of the room, under which 
.a fmall chamber furnace or a charcoal pot may 
jbe fet, without encumbering the fire-place. 
Hie chimney of the Black*8 furnace (hould be 
lengthened by an iron pipe of at lead 6 or 8 feet 
long, and fixed up in the chimney of the room 
by kon cramps, which increafes its draught 
prodigioufly. 

The room ibbuld be amply fumifhed with 
Aleves for bottles and glafs apparatus, and with 
ipa many or as largp ^al taUes as can con- 


wniently ftand ki it, one of iMiich fiiould be 
fubftantial and heavy, pr elfe a kitchen dreifer 
may be put up, with drawers below. A fmall 
fet of drawers fuch as apothecaries ufe, will be 
highly convenient. If poilible, a (tone fink 
(hould be placed at one comer of the room with 
a fupply of clear water, and conveniences for 
wa(hing and draining bottles, &c. A folid 
block of wood is alio ufcful, for fupporting 
a mortar when pounding hard fubftances,' and in 
which an iron anvil may be (tuck when wanted. 

Thefe being arranged, the chemitt muft fur- 
nifli himfelf with the mo(t ufeful apparatus, 
of which the following are the principal articles; 
the defeription of each individual article with 
the kiud to be preferred, will be found under 
their refpeftive heads : 

A gazoineter, with the connefling tubes, 
blow-pipe, &c. 

A bladder, or (ilk bag, with (top-cock fitting 
the above. 

A pneumatic water trough. 

A copper (till with worm-tub, the (till fitting 
into the top of the Black^s furnace. 

A blow-pipe, with fpoon, &c. 

Lamps— an Argand, and others of common' 
conftruftion for oil and alcohol. 

An apparatus for drying precipitates by (team. 

Scales and weights. 

Large and fmall iron (tands for retorts, &c. 

Mortars— one of hard (leel, one of bell-metal, 
and one or two of Wedge wood ware. 

A (liver crucible and Ipatula. 

A platina crucible and fpatula. 

A jointed iron tube for conveying gaffes. 

The follotving articles in glafs : 

Retorts of different (izes, plain and iloppered, 
and long-necked for gafles. 

R^eivers to fit the above, plain and (toppered, 
with or without an adopter. 

Plain jars for gaffes, different fizes. 

Lipped jars for mixtures, precipitates, See. 

A graduated eudiometer jar. 

Bell receivers, two ot three (izes. 

Proof bottles. > 

Capfules or fmall evaporating cups. 

Water glades (fuch as are uf<^ at table) 
whidi are very convenient .for gentle evapo- 
pofations. 

Florence flafles. 

Matrafies.— ^wo or three very fmall, and others 
of common fize, round and nat-bottomed. ^ 

Funnels— ribbed, and one plain with a very 
long neck for charging retorts. 
'Wine-gfeflfcs--»co«nmon or Kppedf 
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WatcK-glaflSs, for evaporatiiig minute quan« 
titles at a very gentle heat. 

,Coinmon decanters. 

A bottle for fpecifie grayity of fluids. 

Fhials of sdl iises^ plain and with ground 
ftoppers. 

Plain glafs tube of various thicknefs and bore^ 
out of which may eafily be made 
f* Syphon tubes. 

J Bent tubes for gaffes. 

1 Capillary tubes, for dropping liquids, and va- 
rious other ufeful articles. 

A gas^aturating apparatus. 

•A Wuulfe^s apparatus. 

A tube of fafety, feparate (Fig. 6o). 

A baroilicter. 

Thermometers — common, and with the Bulb 
naked, to dip into liquors. 

Tbf follonving in Earthen^nvam 
Crucibles— -Hcflian, common, and black-lead, 
of diflerent fizes and ihapes, with Hands and 
covers. 

Retorts. 

Retort-ftands (fuch as Fig. 25 inverted). 
Cupels. 

Wedgewood evaporating diifaes — a let. 
’White bafons with Kps, different fizes. 
Common wliite cups and faucers. 

Tubes — ftraight and bent. 

Porcelain fpoons. 

Ditto rods, for ftirring corrofive fluids. 
Several Hone ware jars with tin covers, for 
holding falts, &c. 

Alfo the following fun iries : 

Wire — difierent fizes and kinds, viz. iron, 
copper, brafs, filver, and platma. 

Gold, filver, and brafs leaf — tinfoil. 

Wooden tripod Hands for receivers, &c. 
Fire tongs — various fhapes. 

Steel Ipatula and pallet knives. 

Iron ladles 

Diamond for fcratching glafs. 

Piles— flat, three-cornered, and rat-tailed. 
Hammers. 

A vice and anvil. 

Pincers. 

Shears and^HifSirs. 

A magnet. 

Sieves. * 
filtering paper. 

Cofks. - 

‘ filadders-^fpirit yarftifh— fp'onge — tbMf-— 
flineti— llanxte!. 

Wfaidfor aiid cDinittcm bricks^tileB'--4«trd; 


Lutes of various kinds. (See articIeCsMiKTs, 

For more eitenfive and delicate refearches it 
it is alfo neceffary to have 

A mercurial pneumatic trough. 

A mercurial gazometer. 

A burning lens of confiderable power. 

Ai\ ele£lrical apparatus. 

. A Galvanic apparatus. 

A Detonating jar. 

A glafs or filver alembic. 

The fuel to be employed has been already 
mentioned under the article Furnace, and a fup-^ 
ply (hould be kept near at hand, broken down 
ready for ufe. ' 

With regard to the different fubHances or re- 
agents to be kept, the chemiH will, of courfe, 
wifh to have a fpecimen of all the Ample or in- 
dividual fubHances, fuch as the acids, earths, 
metals. See, but it may not be unacceptable to 
add a KH of thofe fimple and compound fub- 
Hances which are of general ufe, and which 
therefore ought alfb to Hand on the fhelves. 

For many purpofes the ordinary degree of 
purity in which thefe fubHances are emtained 
ny the common procefTes is fufficient $ fo, for 
example, the fmall quantity of potafh in com- 
mon fulphuric acid» and of iron in common 
muriatic acid, feldom interferes witli any of the 
ufes to which thofe reagents are applied ; but 
it is alfo neceffary frequently to have them in 
the utmoH purity when employed as tcfls for 
delicate purpofes. The chemin will therefore 
find it of advantage to referve a feparate fet of 
a few of the moH neceflary reagents in dieir 
UtmoH purity, and if only employed when abfo- 
lutely rcquiute, a very moderate quantity wilh 
fuifice. In the fubjoined liH we have diftin- 
guiflied by the word pure thofe fubHances which 
require particular pains to be obtained abfolutely 
pure, and the methods of doing it will be found 
under the refpeflive articles* Mixtures of each 
of the ftrortger. acids and water in two or three 
different and known pr^ortions (hould alfo be 
kept. 

(N. B. Tie leUer D itnplies that the Drv fub^ 
fiance Jbould be iept^ and S, tljai it Jhould he in 
Solution,) 

Sulphuric acid, pure 

Ditto common 

Nitric acid, pure and boiled 

Ditto common and boiled 
Ditto fuming 

Muriatic acid, pure 
Ditto common 





be kept iii^the dark) 

?k^ftlw)nc, Acid^ pujrc, firpm Pliv^pkocus. .S. 
Acetic Add 

Diftilled Vinegar # 

DittOi concentrated by froft 
Oxalic Acid. S. 

Tartareous Acid. S. , , 

Sulphat of Potafli. D. ;& S. . 

Soda. D. & S. 

Barytes. » .D. 

Alumine. S. 

. — — Strontian. D, 

.Alum. D.ScS. 

Nitrat of Pbtafli. D. & S. 

— Ammonia. D. 

——Barytes. 3* 

Strontian. §. 

Muriat of Soda. D. &>S. 

Ammonia. D.'& 

Strontian. S. 

* , Barytes. S. 

Lime. D.*&S. 

,, — ■■—Alumine. S. 

Oxynauriat of Potafli • D . 

JPIiofphat of Soda. D. & S. 

^ —.I.. Ammpnia. P. 

‘ / Acetite of Barytes. S. 

^ — — Alumine. S. 

Oxalat of Ammonia. $• 

/Uresuxi of Tartar. D. . 

Crude Tartar. D. 

TinAure of Galls 
Borax., p. &S. 

Ditto, vitrified 
Fluat of Ammonia* S. 

. Succiaat of Ammonia. S. 

Prufliat ef Pot'afli^ pure and dry 
^his Ihould be kept in Ac dark) 

•. Prufliat of Lime. S. , 

Iplafter of Paris 
White Marble . , 

V Bqne*A0i 
Fluor Spar 
Potafli, pure. S. 

'Ditto, common cauftic* 8* 

.Pearlafli. . D. & S. 

Sdtof Tsotar. D. AS. 

.Super4i^atbonat of Potafli. p. 

Carbopat^^pf Soda. D. & S. 

fully dried 

Au>nionia, . puae 

•Carbonkt o( Ammonia. D. & 3* 

' Buper-Carkonat of ditto, p. 


.Strontian-water . , • 

parbonat of Magnefia 
Hydro-fuljdiiiretted Wtter 
. Jtiydro-fuli^urcirrof Soda. S. 

- ■ ■ Ammonia. SL 

.Sulphuret of Potafli. D; ' 

White Arfenic^ Ji>..AS. 

Manganefe, Black Oxyd of 
Mercury 

Ditto, Red Oxyd of 
Nitrat of Mercury. S. 

CorroCve Muriat of ditto. D. tc S. 

Zinc, in flicks and granulated 
'Tin ^itto ditto 

Muriat of Tin 
.Le^ 

Minium and Litharge 
Nitrat of Lead. S. 

'Acetite oLditto. S. 

.Iron, Filings, Turnings, Wire 
Sulphnretof Jron for Sulphuretted Hyd. Gas 
Sulphat of Iron. D. A S. 

Ditto, faturated with nitrous Gas 
Muriat ,of Iron 
Copper, Sheet, Wire 
Nitrat of Copper. D. A S. 

Silver, 'Leaf and Wire 
Nitrat of Silver. S. 

Bulphat of ditto. B. 

Acetite of ditto. S. ' 

.Gold-leaf ’ 

Nitro-muriat of Cold 

^ Platina 

Sulphur ' 

Phofphprus 

Alcohol, concentrated and common 
Sulphuric Ether 
Litmus Tin£lure 
Xprmeric . 

Brazil Wood 
Gall Nut 
Catechu 
Ifinglafs 

QUveDU . 

Linfeed Oil, Drying 
Oil of Turpentine 
Black Flux 

Di^lilled Water, in great plenty. 

* LAmPS. a lamp is a moft convenient 
article of chemical apparatus for moderate beat^ 
on account of the ueadxnels ^d durability of 
the heat which it gtvesj and a vaft hum^ of 
(experiments, may be periormed by ; 'The 
Argand lamp well mmmed will brkig'^l^ 
^Offing heat a piut/ or tyro'^ of %iaid 
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iNr flMttlllcTffflely end may tStenrfbra lia alM 
for numeraus' diftillatioiw» particolarly in thofe 
cafes where the reft of -the apparatus is required 
to be kept cool. To inoreafe the heat of this 
lamp fome ingemous ardfts have invented 
double concentTm- wicks* which renders it equal 
to a fancUhea4'but 'the fi^wits of the wicks 
are apt to be out' of Order* owing to the fiifion 
of the folder. SmaHer lamps are alfo required* 
and for theft^- alcdiol is a very valuable fuel* as ' 
hs flame is perfe&ly clean. • 

MATRASS, This is a thin elafs veflel of 
the lhape of a flafk* which will bear a lamp,^ 
heat at' bottom without breaking.- It is either- 
round at the bottom as in Fw. 57. a. or flattened 
a little. Fig. 48. Fig. 18. Fl. I.- is a vei^ ufeful 
IknaH matrafs of about a ounces cmachiy; 

MORTAR. This is a moft eflmtial article 
in a laboratory* to reduce to powder a variety of 
fubftances*4nd the material of which it is made 
is-' ofi^ confiderable confequehce. Very , hard 
Isodies*. fuch-as the gems* quartz-eryftal* Ad 
can‘onl]r'be ground: to powder in a mortar of 
ayte*br flhit* or fome duier hard'filieeous ftone. 
Tney moft prevkmfly hovrever -be cruflied into 
ftajrments* mther in a fteel mortar* orwrapjted 
iqp m many folde'-of'ftrong paper* and brutfed 
on an ' anvu with a heavy hanun'er. Hie firag- 
inents are then collefked* and put into the flint 
mortar with a bttle water* and a very>long.< 
continued friflion is requiredto bring it to an 
impalpriile powder. It-(hould always be re>- 
asembered that when a very hard body is ground 
to jMwdtf* the frifriOn wears the mortar as 
well as the fidrilance pulverized* confequendy 
for delieato experiments it is neceflary to weign 
rile mortar before and after the procefs*- and 
adlow for the left of -weight by-an equivalent- 
mldition to the powder, obtained. Hence tOo 
rite compofition of the mortar itfelf -ihould pre^ 
woofly he known* and by the analyfia of Kiap> - 
sorii ft appears that black flint and agate are fo 
nearly mire fllcz* that the minute quMtity of- 
theirotner conftftiient parts may. be entirely.'ne* 
gieded. 

For griadiog fubftanees - of ■ moderate hard- 
neft* Aodl -mottars wiA very Imooth peftles of - 
^ fiune materials* are kept in fome of the 
fkeps. Very' uftful mortars are allb made or 
caft iro*^' wmch’are very hard* but are not- 
flhtfl»e4 quite ft) finoorik as thofe of fteel. 
mocisrs of -this; Und are ufed by the druggifts 
fer pounding bmks* woods* &c. and to Mflen 


the manual- labour* the peftle is faftened to the 
end of ,a flexible wooden i^e* .whkh^ hangs 
oeerriie‘‘miOCtai^.by..riM'OiBKicity.of whishtbe- 
▼OfciWV- 


a ftit is lifted vfi again to tfto gnsfev 
er the ftroke is made^ For lighter pnrpoftf 
very good mortars are made of b^l-metal* with 
peftles either of the fame or of iron. Thefe am 
caft very fmooth fb that the material to be 
pounded does not ftick to the (ides. Moft 
neutral falts may be conveniently pulverized in 
them*^but their chemical afiion on the copper-, 
ought to be kept in mind* as ffor ezamplef if ' 
' .lal-ammoniac is left for feme hours in a bell-, 
nietai mortar it becomes green by the oxyd of - 
copper which it diflblves. Thefe mortars are- 
often fitted with wooden covers* petforated to 
admit the peftle* fo as to prevent fragments 
’ from flying out by the ftrqke. 

Mortars are afto made of marble, glafs* and 
Wedgwood ware. The latter are highly ufe.* 
ful* being very-hard* fmooth* aud not aded on- 
by any chemical reagent. They will readily 
' break* however* by a mart blow; 

MUFRXiE. n. I. Fig. 30. A muffle is a 
vaulted flat-bottomed earthim ve^l, intended to - 
be put in the' midft' of a furnace, of proper ' 
conftrwAion* fo as to aflbrd a fpace ftrongfe 
heated* but protefled* from the aflual contaffl* 
of the fuel, in which (mail veflels of dny kind-* 
may , be fet. TKe muffld is -entirely .open at one ' 
end* and clofed at the- other* -and it has fbipe- - 
rimes fmall -fide flits* tv allow the freer accefs 
of the hot air. It is always fet in ‘a furnace ' 
with the open. -end direAly ojqipfite a fide door* • 
of the fame arched lhape* and which ft touches* • 
fo as to prevent anyef the fuel from- getting in, - 
The door for' this.puipofe iS'-fCcn m PI. • 
Vlli. Fig. 77. Si ySi o. and Fig. 83, #. ' 1 ^ ' 
muffle wdU juft Hide in and out of thefe ppeft^ * 
ings with eafe, and iron bars or fome other 
kind of fuppprt are placed ip the furnace to > 
keep. -it -at the pr^er ' levd. When the fub> 
ftance in the iuuffle is to be heated without 
accefs of air the ftopper of tiie furnace may be ' 
thruft in. u^n it t but When a current of heated ' 
ah* from without is wanted to pafs through the * 
muffle* which is cafe in aUaying* the ftop- ~ 
per. of the furnace muft he removed, aiid inftead ' 
of ft a fmall iron plate '(like the fliatpart of a- 
fliovel with the edges a Iftrie turoeo up) la' 
fixed on a level with the bottom <ri' riie epeniog* - 
on which are heaped a number of long piecee 
of diarcoal to block ft up. Thefe prefently; 
kindle by the heat of tiie furnace, lb -thM 
the rir which pafl^ fteely betwesA' them*' 
into the muffle is heated in its paflage* and rite. ' 
muffle may be cooled at pleafure 'by taking-, 
away of Uw ficcea «C dbateqah Tw (n^ * 
2X 
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4Tticibles ufed for aflayine, are called Cupels. 
Fig. 28. & 29. 

NOOTH’s. APPARA'rUS. See Cas fatu^ 
irating Apparatus. 

OXYGEN Comhtfltcn m. A veflel very con- 
'vonicnt for this purpofe is ihcwn in Fig. 64. c. 
and is defcribed under tlie article Ga%ometer, 

PELICAN. PI. ir. Fig. 38. This is an old 
inft-rument nov/ little ufed, intended for long 
digeftions on a fand-bath, or orfier heat, with 
a contrivance for conftantly returning on the 
materials at the bottom all the liquid of the 
menftruum which would otherwife evaporate 
ty the I\cat. It is therefore a glafs alembic, in 
which there arc two pipes that collect the dif- 
tilled liquor, and again enter- the lower veflel. 
The finall apparatus at Fig. 37. is for the fame 
purpofe, and is more convenient. Jts con- 
lirii^A-ion is -obvious. 

PNEUMAllC TROUGH. See Troug-h. 
Pneumatic. 

PRECIPITATING GLASS. PI. I. Fig. 20. 
ThixS is a very tall jar with a narrower part at 
tlie bottom, in which any precipitate when 
produced may collefk by fubfldence, and. allow 
of the fupernatant liquor to be decanted ofF with 
more eaie. It is alfo a very ufcful glafs in 
*which to float the Hydrometer. 

PROOF-BOTILE. PI. I. Fig. 13. 14, i?. 
This is a glafs phial for procuring gafles, made 
thin ami round at bottom, fo as -to bear mode- 
rate heat, and with a bent tube clofely ground 
to it for convening the gas under any inverted 
veflel. It has befidcs fometimes another open^ 
ing folely for introducing the materials. This 
veflel is very ufcful for experimental pur- 
pofes, where only moderately fmall quanti- 
ties of gafles arc wanted, and from materials 
that require no greater heat than a fmall fpirit 
lamp or candle will produce. It is an improve- 
ment on the original cheap apparatus of Dr. 
.Prieftlcy, namely, a phial with a piece of bent 
glaft tube thruft through the cork and properly 
.cemented. This latter however will often 
anfwer every end, efpecially where no artiii- 
,cial heat is wanted, as in obtaining hydrogen 
from muriatic acid and zinc. It may be xifeful 
to mention, that corks are moft conveniently 
perforated, and the hole made very fmodth and 
neat, by the raUtailvd file. The joining of the 
tube and the cork may be made quite air-tight 
■by fealing-wax. 

• PYROVlErER. {Wedgnvood^s). See the 
:AYticle Pyrometer in the former part of this 

^^£C£lV£Rj is a globe*fli^:»ed veflel, either’ 


plain dr tubulated, ufed in the proeefs of dijKU 
latioti. It receives the beak of the retort, or the 
adopter, if this is ufed. See PI, I. Fig. 4. PL III* 
Fig. 42. ^ PI. IV. Fig. 59. 

RECIPJENT, Italian^ is a veflel like a tea- 
pot, intended fer the foparation of cflential oils 
from the watery liquor on which they float. 

REFRIGERATORY is cliat part of a Z>//- 
tilling Apparatus when the vapour is cooled and 
condenfed. In the Alembic it is at the top of 
the apparatus; in the common Still it is the 
Worm-tub. See DtJliUing Apparatus. 

■ RETOR'l" is the common and moft ufcful 
inftrument for Difiillation . See PL I. Fig. 2, 5, 
'’ll. Retorts with very long narrow necks Fig. r. 
arc made for heating. thofe fubftances which are 
intended to yield any of the ^gafles, for here no 
width of veflel is wanted for the condenfation 
of vapours, and .the narrownefs of the nock 
allows but Httle admixture of the external air. 
Retorts are made of glafs, earthen-ware, and 
fometimes of iron or filver. A leaden retort is 
ufed for procuring fluoric acid. 

REVERBERATORY FURNACE. See 

FuRNACIl. 

SAND-BATH. See Bath. 

SERPENTINE or WORM. See Distil- 
ling Apparatus. 

SOLAR HEAT. (Apparatus for). A very 
elegant and often moft convenient method of 
applying heat is by the fun’s rays through the 
means of a powerful Jens or mirror It unites 
the great advantages of flmplicity and extreme 
power, and has been employed moft happily by 
Dr. Pricllley and other philofophers in feveral 
important experiments. Where the fubftance 
to be heated is to be at the fame time debarred 
from the accefs of the external air, the veflel muft 
be thin clear glafs, that the cone of rays may ' 
be tranfmitted through with as little lofs' as 
poflible. The heat produced by the moft 
powerful glafles (fuch as that of Mr. Parker) 
appears fully to equal, in a" fmall fpace, the 
eflc6l of the blow-pipe fed with oxygen gas. 

SPECIFIC GR AVITY, Apparatus for. 

Though experiments on fpecific gravity do 
not abfolutely belong, to chemiftry, it is nqce£- 
fary that the chemift be furhifhed with 
means of afeertaining the fpecilic gravity of 
both folids and fluids with tolerable accuracy, 
as it aflifts much in many chemical enquiries, 
and the efFe£k of acids, alcohol, and fome other ’ 
reagents very materially depend oh their degree 
of concentration which is known by their ^n«- * 
llty or tenuity. Therefore.the fcales which the* 
chemift employs .Ihouid allow to be ufed hydros > 
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^aitically, or elfe he fliould be provided with an 
hydrometer^ of which Mr.Nich 61 fon"s (or that in 
which^he point of imnierfionis fixed) is by far the 
bell. The fpecific gravity of fluids may alfo be 
very conveniently taken hi the. following way : 
take a fmail light bottle that Hands firmly, and 
holds an ounce or two, or more, of water, the 
neck of w^hich is* flopped by a piece of baro- 
meter tube very accurately ground. Then 
counterpoife the empty bottle, and afterwards fill 
it entirely with dillilled. water at 60^^ recently 
boiled, till it riles a little in the bore of the 
tube and find the weights For greater eafe in 
calculation it will be as well (if it can be done) 
to bring the water exa6lly to that height in the 
tube, at which its weight wdll be 500 grains, 
or 1000, or 1500, or 2000, &c. but this is not 
eflcntial. Then mark the height moll accu- 
rately with a fine file on two oppofite fides of 
the tube, and Icratch on the bottle the weight 
both of the bottle and tube when empty, and 
of the quantity of water reqiiifitc to fill it to 
the mark. This will then ferve for the fpccific 
gravity of all other fluids, as pure water is the 
Itandafd of comparifon for all bodies folid as 
well as fluid. 

STILL. See Distilling Apparatus. 

' 1 IIERMOMETER. Several varieties of 
thermometer are made for philofophical pur- 
poses, and in many experiments, partichlarly all 
thole conne£l’ed with the fubjeft of caloric, it 
is necelfary to be well provided with them. To 
take in the entire range of thermometrical tem- 
perature from the moll intenfe artificial cold to 
the boiling point of mercury requires a very 
long tube ; but for mod chemical purpofes it is 
fufficiently high if it is graduated to about 10 
degrees above the boiling point, which will 
reach the temperature of moll faline folutlons 
when boiling. 

For experiments on intenfe cold, it is necef- 
hvy to have a fpirit thermometer graduated 
about ICO®, below o. and the lower extremity 
of the fcale fiiould be at fome dillance from 
tlie bulb, that the temperature may be' obferved 
, without lifting the bulb out of aiiy deep vcflel 
that may contain the freezing mixture. The 
moll delicate and fenfible thermometers arc 
made with a very final J bulb, fcarcely larger 
than the Hem, aniLa tube of an extremely nar- 
row bore, not larger tliaii a horfe-hair. For 
chemical purpofes alfo the fcale fhould either be 
fcratched on the glafs itfelf, or as this is diffi- 
cult to be feen in a common light, an ivoij 
fcale ihould be attachedi without reaching lo 


low as the bulb, that the latter may be fafeljr' 
immerfed id acid or corrofive liquors. . 

The thermometer fcale has been dilTerently 
divided by the original conHruflors, which 
often caufes a good deal of trouble in compa- 
ring refults of experiments made in diflerent 
countries. Three fcalcs are principally ufed : 
Fuhrenheif which is employed in this country, 
in which the o. is 32 degrees below the freezing 
point of water, and the interval between 6. and 
the boiling point of water is divided into' 212 
degrees, and confequontly the freezing point of 
water is 32® : Reaumur* Sy which has the o. at the 
freezing point of water, and divides the inter- 
val between this point and the water-boiling 
heat into degrees : and CeJfius^Sy originally 
ufed in Sweden, and fince adopted in France 
under the name of the Centigrade^, which has, 
like Reaumur’s, the o. at the freezing point of* 
water, but divides the interval between this and 
water-boiling heat into 100 degrees. The reafon 
why Fahrenheit fixed his fcale fo far below the 
water-freezing point was founded on an erro-' 
iteous hypothefis relative to the real zero or 
point of abfolutc privation of heat ; but however 
it has this advantage over the two others, which 
is, that the diHindlion between the pofitive 
and negative terms (or which exprefs degrees 
above or below the zero) much lefsr- frequently 
occurs in any experiments, and fcarcely ever 
in the regiHer of natural cold in temperate cli- 
mates, by which many accidental errors aro 
avoided. 

In Ap[)endix II. vve have given the corref-^ 
ponding degrees of thofe three thermomcteis, 
by which the reader may at once tranflate the 
degrees of Reaumur’s and Celfius’s into the- 
.equivalent of Fahrenheit, or vice verfa. 

'# #' # 

A very ingenious thermometer has been in-' 
vented by Mr. Lefllc, which he calls a Differ- 
ential Thermometer, as it exprefles not the 
abfolute degree of licat, but' .the difference 
(when any.cxilts) between the temperature of 
the two fpots where its two bulbs are placed. 
Its ufe is explained under the article Caloric. 

The differential thermometer (PI. IV. Fig. 
54.) is made in the following way ; fele£l twa 
thermometer tubes with bores rather wider 
than ufual, and one a little wider tlian the other. 
Let the balls be blown as equal as the eye 
can judge and from .4 to .7 of an inch in dia- 
meter, and let the open end of * the tube alfo^be; 
widened in a flight degree. The tubes ihuH be 
of unequal lengthy the longeH being nearly':^ 

3T ^ 
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- twi«k the lengdi of the other. Then mtrodnce 
into the longer tube a little fulphuric aud 
tini^ with carmine, . fufficient to fill about an 
inch of its cavity, join the two tubes together 
the blow^pipes and when joined, bend 
them in the form of the letter U. with the 
bulbs about ^ • or 4 inches afunder, making 
one jiexuTe •juft below the jundlure of the 
.two tubes, where the fmali cavity (which is 
reprefented in the plate) facilitates tne adjuft- 
ment of the inftrument, which by a little dex- 
.terity is performed by forcing a few globules of 
air by the heat of the hand from one bulb to 
the other. .Attach a graduated fcale to the 
.fliorter tube, making the zero about the middle 
of it, ^nd adjuft to it the quantity of air in each 
bulb, fo that when the bulbs are at the fame 
temperature^ the upper furface of the coloured 
.liquor may juft correfpond with the z^. 
Sulphuric acid is chofen as the liquor interpofed 
‘between the bulb, on account of its bearing 
any heat or cold that would be ufed without 
being evaporated or congealed. 

In this inftrument the air inclofed in the 
bulbs is the fubftance which, by its expanlion 
rOrcontm£tion, caufes the motion of the coloured 
diquor up or down the fcale, and as gaffes are 
much more expanlible than liquids, the inftru- 
ment is fooner affe£ked by minute changes of 
But as the two bulbs are of equal (ize, 
and both filled with air, and feparated from 
each other by the intervening liquor, it is ob- 
vious that when the temperature is the fame in 
each bulb, be it high or low, the preffure on 
^ach fide of the liquor is alfo equal, and it muft 
remain ftationary : fo that it can only move 
when one bulb is warmer than the other. 
Hence the particular and foie ufe of this inftru- 
snent as a D^erential Thermometer^ The lower 
art of the inftrument (or the fpace included 
etamn the two bends) is cemented to an 
.upright ftem by which it is fupported. 

TROUGH. Pneumatic. 

In all the common operations of receiving 
and transferring gaffes they are held in jars, or 
other veflels, previoufly filled with water, and 
inverted over mis fluid. It is therefore necefiary 
.to have fome kind of water-veffel lar^e and deep 
enough entirely to immerfe the air-jar, that 
every particle of common air may be oifplaced 
by the water before it receives the gas to be 
operated on. Dr. Prieftley’s firft water trough 
for this purpofe was a common oval or round 
tub, but as a jar full of air (landing inverted 
, over water and immcrfed in it tor any depth, 
'^/ovid readily beoverfet by the preQure of the 


tracer, this Ingenious philofmhef adapts m 
fmali hanging fhelf fufjfcnded from the^ndes 6 £ 
the tub, and (inking below the level of thb 
water, only juft fufficient to confine the gas in 
any jar (landing upon it. This plan has been 
adopted with fome little improvements in thh 
ip eumatic water troughs commonly ufed, of 
which Fig. 49. PI. IV. is one or the moll; 
convenient kinds, a is a deep oblong trough 
made of thin tinned iron well japanned, ge- 
nerally 18 inches long, 9 broad, and 14 deep.. 
About 3f inches from the top is a Ihelf of the 
fame material, extending entirely acrofs the 
trough, and rather more than a third of its 
length, and fixed in its lituation when require 
by two llrong wires. This fhelf is given in- 
verted in Fig. 50. to (hew an « oval rim pro- 
je£ling from it, in the center of which are two 
fmali noles, the ufe of which is to fecure and 
cbnvey the gas into any velTel fet upon it (as 
the bottle in Fig. 49)* This fhelf has alfo two 
larger holes to receive two bottle fimporters. 
Fig. 51. & h. Fig. 49. A trough otthis (ize 
and conftru£lion is very light when empty, and 
large enough for mod operations. 

Fig. 52. is a convenient trough for exhibiting 
experiments in the le£lure room. It is (imply 
a circular pan, 18 inches in diameter, witli a 
loofe femictrcular (helf fupported to the requi- 
fite height on three conical lera, on whidi a 
bell receiver is rrarefented (landing. This pan 
is however too (hallow to allow of any large 
vefTel to be immerfed, (b that it muft pe pro- 
vibufly immerfed in a deeper trough, and con- 
veyed hkher upon a plate or faucer. 

Fig. 53. is a Mercurial Pneumatic Troughj 
which is indilpenfible in mod experiments on 
gaffes abforbable by water. It may be made 
either of a clofe hard wood fuch as mahogany, 
or cut out of a block of ordinary marble or free- 
ftone, or as is now more common, it is a thin 
iron cafe inclofed in wood. When made of' 
wood it is often hollowed out of a (ingle piece, 
but if grooved and very neatly rabittea, it will 
anfwer nearly as well. In any cafe it (hould 
alfo (land on a (hallow wooden or iron di(h to 
catch the mercuVy, fome of which is always 
fpilling whatever care be ufed. 

Thefe mercurial troughs mad be made very 
folid to bear the^ great weight of metal diat is 
required even for a very n^erate fixed veflbl, 
and for the fame reafon and to fave the great 
expence of the metal, they are always made - 
much fmaller than the water troughs. This 
will not appear an indifferent objeA when it is 
confidered that half a hundred weight of this 
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metal will not occupj a fpace greater than about finding water or fome other fubftance wldi 
two quahSf which is but a very fcanty allow- which it may unite» to that a large proportion 
ance of .room for "a trough for chemical pur- of the produfls of diftillation were totally 
pofes^ ^ wafted. In experiments ofitefearch too the 

In order dill more to economize room and old apparatus was peculiarly defe&ive, as the 
COnfequently mercury^ only one fide of the gafieous produds^ which are often by fair the 
trough is lunk deep (as (hewn at a by the moft interefting^ were entirely loft, 
dotted line in the plate) beinj^ equally conveni- Glauber was aware of many of the defeAa 
ent for the immerfion of a jar. The ilielf in of the old apparatust and as early as about 
a trough of thi^ conftruftion is on each fide of the year 1655, gave a very ingenious method 
the well. It is ufefol alfo to have an iron ftem of fubftituting to the feries of perpendicular 
fupporting a femicircular clip, fcrewed or other- aludel-fiiaped receivers^ a lateral feries of plaiii 
wile faftened into the fubftance of the trough ftone or earthen jars» each connedlcd with the 
a little beyond the deep circular part of tne other by earthen tubes bent at right angles^ 
welh to fupport a jar when inverted and heavy and the covers of each jar having two holes^ 
with mercury. A fmall glafs tube open at one to receive the tube bringing the vapour 
both ends and drawn out capillary atone ex- from the adjoiniw jar or the retort, and the 
tremity, is an ufeful addition to this apparatus^ other for the pailage of the tube which con- 
to enable the operator to fuck up and colledk veyed the excefs of this vapour into the next 
the fmall globules of mercury which will always in fuccelfion. This arrangement is precifelv 
be fcattered about during thefe experiments. that of the bottles of the modern Woulfe’a 
TUBE OF SAFETY. (Fig. do). See apparatus, but the jars which Glauber ufed 
Woulfb’s Apparatus. were empty, and fet in a larger veflel full of 

WATER BATH. See Bath and Alembic, cold water, fo as to be kept always cool. (See 
WELTER'S TUBE, or Tuie yf Safety. Glaaberi Opera^ Vol. 3. Furni Novi Fhilofodhici 

WORM TUB. See Distilling Appa- Jive Defcriptio Jtrtis Diftillaioria Novat. Jrars% 

HATUS. /.) 

^ WOULFE’s APPARATUS. The inven- The great improvement made to this appa* 
tion of this apparatus forms almoft an sera in ratus.by the late Mr. Woulfe,^ was to «fill 
chemical difcovery, fo great and various is its thefe lateral veflels with water, into which he 

utility. Before it was known, the only veflels dipped the extremity of each tube, bringing 

that chemifts employed for diftllhitions were, into it the uncondenfed |part of the vapour, by 
either the alembic with its refrigeratory, or tlie which means a vaft quantity of produdi is faved, 
retort with its receiver. The former was de- which even in Glauber’s method could not be 
voted almoft exclufively to the diftillation of ultimately detained ) lb that by having a fufll- 
thofe fluids which are readily condenfed by cient bulk of water in one or more of thefe 
cooling, and are not attended with die pro- lateral veflels, no part of the produd): can 

dud^ion of much permanently elaftic or diffi- efcape detention except that which cannot 

cultly-condenfible vapour, fuch as water im- condenfe, either alone or when pafted through 
pregnated with the aromatic parts of vegetables, any liquid. Even this too may readily be faved, 
alcohol, &c. whilft the retort with its glafs by adding to the^ laft in the feries of bottles a 
receiver, was referved for the diftillation of the curved tube, which conveys the - gas to the 
ftronger acids, and other fubftances accompa- pneumatic trough or gazometer, where its na- 
iiied by much uncondenfible vapour. But here ture may be examined. 

a great inconvenience fubfifted, for either en- Inftead of having the mouths of the lateral 
ormoufly large jreceivers were required, or a bottles wide enough to admit both tul^s (that 
confiderable number of Aem with double open- is, the one which brings the vapour into the 
ings like aludels,' or elfe it was necelTary tO bottle, and the other which conveys the uncon- 
avoid the rupture of the veflels by having a denfed part of it out of the bottle) it k a great 
fmall hole, which could be opened occafionany, knprovecnent to have the bcmles blown with 
when the qpantity t)f confined vapour was two openings, as in g and t Fk. 59, and feme* 
judged to be top great. But even this did not •times a tlurd is added as ine Fig. 58, for ar paiN 
anfwer the pwpofe of die chemift compleatly, dcular purpofe which will be ptefeacly men* 
for much of ^ vapour given out during thefe tioned* 

diftiliatums, is only uncondenfible finr w^nt ^ The efiyndal parts of iIms appanHuB thertloBt 
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are, a Retort or any other veilel in which the 
inaterials are heated ; a Receiver to detain >hat 
part of the produ£t which is condeniible by 
mere cooling ; and a bent Tube proceeding from 
the receiver to the bottom of a Dottle placed by 
its (ide, and full, or nearly fo, of water, or ally 
other liquid. If more than one bottle is em- 
ploved, thefe are ranged fide by fide, and con- 
nected with each other by bent tubes, each of 
which proceeds from the top of the bottle im- 
mediately preceding, and plunges to the bottom 
of the liquid of the bottle next in order. Every 
part of the apparatus is air-tight except the end 
the furthell f^rom the retort, fo that every par- 
ticle of vapour or gas has to tr'averfe the whole 
feries of vcflels, and- to pafs through the liquid 
in every one of the bottles before it efcapes into 
the air ; and thus if at all condenfible by the 
liquid ufed, it can hardly efcape condenfation. 

Another part however is ncceflary to the per- 
fection of this apparatus. When the diilillation 
is nearly over, and the production of gas or 
vapour llaCkcns, or ceafes altogether, a degree 
of vacuum is always made in the retort, owing 
to the cooling of the claftic vapour which it 
contains. This circumilance caufes a fimilar 
v.acuum in the receiver, to fill which, a ftrong 
abforption or fuCt'fon of the liquid takes place 
from the firft bottle back into the receiver 
through the bent tube that dips Into the bottle. 
Tliis again caufes an equal vacuum in the firft 
bottle, which is filled by abforption of fluid 
from the fecond bottle through the communi- 
‘cating tube, and fo on to the laft ; fo that the 
moment that alSforption begins, a retrograde 
motion takes place through the whole appanv- 
tus. The inconvenience of this is the mixture 
of the products that- takes place ; for if, for 
example, the diftillation of nitric acid is the 
procefs, after the materials in the retort have 
given out every thing, the receiver, which was 
at firft left empty, contains the concentrated 
acid, and the bottles contain water flrougly 
impregnated with nitrous vapour. But the 
moment that abforption begins, the dilute 
liquor of the firft bottle is poured into the 
receiver, which makes it impoifible to colled 
any concentrated acid, unlefs the operator is 
on the watch to loofen the luting between the 
retort and receiver the moment he perceives 
• the liquor to- rife in the bent tube between the 
receiver and the firft bottle. To remedy this 
defed feveral contrivances have been adopted. 
The inventor, Mr. Woulfe, who was fully 
aware of it, employed an intermediate vefTel 
between the receiver and tlie firft water-^bottle 


which was left empty^ afid into which the benr 
tube from the receiver was immerfed only to a 
(hort depth, in confequence of which when the* 
abforption took place the liquor from the firft 
bottle was poured into this intermediate bottle 
and went no further. This contrivance is very 
ufeful where only a Angle water-bottle is em- 
ployed, but where more than one is ufed, it 
is obvious that the liquors contained in them 
muft mingle, though they all keep leparate 
from the contents of the receiver; for when 
any of the liquor of the firft bottle pafles into 
the intermediate bottle, an equivalent portion 
of the fecond muft pour into the firft bottle, of ^ 
the third, into the fecond, and fo on. Another 
contrivance (and which is now generally 
adopted) is to prevent the abforption altogether 
by letting in the external air to fill the partial 
vacuum. This is done either by inferring 
ftraight capillary tubes into the different veflels-, 
or by a curved tube of particular conftrudion 
invented by Welter, and called JVvlUr^ s Tubes ^ . 
or Tubes of Safet2* A fingle example of the 
ftraight tunes is mewn in Irl. IV. Fig. 58. a 
is a bottle with three openings, half filled with 
water, which receives the gas or vapour from 
the preceding bottle, or from the receiver ; the 
excefs of wliich after paflthg through the water 
of a pafles by the tube d into the bottle and 
which is only loofely ftopped ; c is an upright 
gJafs tube with a very narrow bore which juft 
dips into the water of a. Confequently, when 
an abforption takes place in the receiver and 
water is fucked up by by it immediately finks 
the level of fluid in ^ below the bottom of the 
tube Cy which then gives the bottle a a free 
communication with the air, and prevents the 
liquor of e from palling into it. ^ This plan of 
upright tubes may be adopted for every bottle 
of the apparatus, and it is convenient from its 
fimplicity, and any perfon may fit* this appara- 
tus for himfelf Amply by cutting a piece of 
glafs tube of the proper length, running it 
through a perforated cork, and luting ail the 
joinings. It has however the great inconveni- 
*ence that it is ipapplicable to the receiver itfelf 
(which is prccifely the place where it is fnoft 
requifite to prevent the abforption) as this 
veflel is quite empty at firft, and the quantity 
of liquid is conftantly increafihg ; and indeed 
the increafing bulk of the fluid in the bottles is 
an objcAIon to this method, as the end of the 
tube becomes progreflively lower bene^h the 
level of the fluid, and may eafily be too to 
ai^roperly. 

The Tube of Safety. Fig. 6o* 19 a fingle glafs 
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. bent fts reprefented, and with a bulb 
‘ blown in that part of the tube that lies be- 
tween the upper and lower flexure. It lias 
alfo a fmall - funnel at the .top, which, hoWfever, 
is not very eflentiai. . This tube is fometimes 
employed as* a ftopper to the tubulure of the 
retort, or to a feparate opening in the receiver, 
arid fometimes, as at y’Fig. 59, it is cemented, 

• by melting, into the tube pafling from the 
receiver to the firft bottle. Before ufing it, a 
little mercury is dropped down througli the 
funnel, about fufficient to occupy the fpace of 
the tube that lies between the two lower flex- 
ures, which completely Ihuts up the accofs of 
die external air vvliilit the cliftillation is going 
on. But as foon as any vacuum is formed in 
the vefl'cl to which it is attached, the mercury 
is forced up by the prcfllne of the atmofphere 
into the bulb, and not being in fufficient quan- 
tity to fill it, the external air pafles by it in this 
place, and ruffies into the apparatus. This 
very ingenious contrivance unites every conve- 
nience, for it fupplics air to the vacuum pre- 
cifely in the place where abforptlon begins, and 
in fa£l it renders ufelcfs all other contrivance to 
prevent abforption in any diflant part of the 
apparatus. The only obje£iion to the Welteris 
tube is its great fragility, more efpecially when 
connefted with a conducing tube as in Fig. 59, 
which when firmly ftoppered or luted in its 
lace is liable to fnap with the lead fliakc, and 
cfidcs a great many are broken in the making 
and grinding even by flcilful artifts. 1 he ether 
parts of Fig. 59 are obvious by mere infpeflion. 
a is an iron ftand generally furniflied withthr^^e 
Hiding rings of different diameter, one of which 
is here reprefented i is a fmall Argand lamp, 
very convenient for chemical purpofes, being 
flat and low y c is jl tubulated retort ; a tubu- 
lated receiver, ftanding on a convenient wooden 
'tripod ^ is the condudliiig tube v;ith the 
Welter’s tube affixed to it. Tlie receiver d is 
left empty in the begirTning of the diflillation, 
and the vapour which docs not condenfc ther6 
pafles through y* into the bottle g, and through 
h into the bottle /- To make the apparatus 
•complete for experiments of refcarch, a bent 
tube may be fadened in tlie lateral opening of /, 
condudHng to a pneumatic trough. 

Fig. 57 is a fmall apparatus nearly fimilar to 
-one that has been lately fuggefted, of a feries of 
Woulfc bottles without luting, in w'hich the 
feveral parts have confiderable play, fo as to 
avoid any drefs on the thin britilc tubes of 
whiqh it is compofed. Only a fiiigle fpeci- 
men of the pjinciple a^edon is here iutroduccdi 


which is ill the veflel d. 'a is a mafmfs ftahefing 
on cine of the rings of an iron daitd ; a 
bent tube, one leg of which is cemented into the 
cork of'rt, the other pafles down into the fhort 
jar through a much wider glafs tube c.- The 
lower end of b fhould be a little curved, dTo 
that any bubble of gas paffing out of it may 
clear the edge of the tube c and pafs'up into 
the jar and both b and r dip a little miy 
below the level of the liquor in rf. The gas 
then pafles out througli e into the bottle /"and 
fo on, which may alfo be furniflied with a wide 
lube fimilar to r, through which the lower part 
of e may pafs. In all the common Woulfe’s 
apparatus there is a perpetual rilk of breaking 
the thin condudeing tubes from the circum- 
dance of having both of their lower extremities 
lightly faflened down cither by lutes or by 
grintling, which gives a great drefs to the 
middle of the tube unlcfs the bottles remain 
perfecriy upright, and cxadlly at the proper 
didance from each other. Whereas in this 
apparatus only one end of the cotuludling tube 
is fixed, and the 6ther moves at cafe within the 
larger tube that ferves as its cafe, and any part 
of it may be indantly withdrawn! and put on 
again without deranging the red. The larger 
tube in this cafe alfo ferves to prevent abforp- 
tion as the tube e in Fig. 58. 

Thus, for example, if it is wiflied to make 
liquid oxynnxriatic acid by this apparatus, put 
the manganefe and other materials in the nia- 
trafs and a fmall quantity of water in d and 
fill f two-thirds full. The oxy muriatic gas 
pafles along b into the fmall jar d where the 
common muriatic acid which it contains is de- 
tained by the fmall quantity of waiter in and 
the red of the gas ifllics out through and 
goes to impregnate the w^ater in /’. If the 
materials in the matrafs a are not fufficient, it 
may be drawm away by li fling out the tube b, and 
the veflel returned to its place without moving 
any other part of the apparatus. It fhould be 
obferved, that wherever there is an open tube 
communicating wdrh the bottles as at r, the 
greater preflure produced in the veflel by the 
influx of gas, and the rcfidance of the W'atcr into 
which the conducing' tube ^ immerges, will 
caufe the liquor in d to rife in the open tube c, 
and it will overflow, unlefs care is taken to pro- 
portion the height of the open tube to the pvef- 
fure wdiich it is to count era£t. 

Another variety of Woulfe’s apparatus Is 
given in PI. III. Fig. 42. in which the abforp- 
tion is prevented by a glafs valve indead of a 
tube of fafety. The condrucliou of this valve 
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4a.) is the retort } i 


ii^ reccSrert ^ Ae glau valve} ii an imper 
yrifei yrhich is put the liquor to be fatu- 
rate^ hy Ae pafl&ge of Ae gas, and the refidue 
pidfes on to «tf% g, if /» as rejmfented* The 
finne apparatus may he uled with equal conve* 
rdehee^ removing Ae tube t and further part 
ot At i^^taco^ and fuhftitutiBg the bottles e 


and tt F^. 44» tot whiA purpeA Ae lower 
jmrt of e is ground to fit Ae veflhl Fig. 4a. 
Yhe mode m bending Ae'tube g- is Aewn in 
Fig. 43. It is firft ground to fit each bottle* 
then .held over a large lamp, and bent above 
each ground part, after which anoAer flexure 
is made in Ae middle} and Ae exaQ curve of 
the laft is fltted by fixing Ae trA* A Ae bottles*, 
and foftaning it by a tanqp* ^ whi A it pye* 
dfdy accommodates itfidf to its fituatkci. 
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OF ENGLISH WEIGHTS AND MEASURES. 


T^HE weights and measures required by the chemift are few and fimple, but they Ihould be 
accurate^ and their relative values well defined. 

For the meafure of weight, the Troy pound of ounces, or 5760 grains, is the integer 
almoft always^ prefeiyed, beihg that which admits of a minuter fubdivifion, and whofe cor- 
refpondenceS with meafures of capacity arc more accurately defined ; tliough there are Hill fome 
llimc differences in this refpeA which it were to be wiihed were removed by authority. The 
fubdiviCons of the Troy ounce employed by chemifts are fometimes thofe of Apothecaries weight, 
that is, the ounce into o drams, the dram into 3 fcruples, and the fcruple into 20 ^Trains, or* more 
commonly, fimply into drams and grains ^ or fometimes the ounce is divided into 20 penny- 
weights, and the pennyweight into 24 grains. Often the grain is the only integer employed, 
and fets of weights are ufed of the different hundreds, tens, and units. The averdupois pound 
is however fometimes adopted, being the ftandard of moft things bought and fold in common life. 
It is equal to 7000 grains IVoy, and is divided into 16 ounces, and the ounce legally into 16 
drams, but the latter divifipn is never ufed by chemifts, being liable to be miftaken for the Troy 
dram, which weighs more than twice as much. 

For meafures of capaci^, chemifts employ both the ounce meufitre (or bulk occupied by the 
ounce, or any proportion of it, of diftilied water at 60®) and the cubic, inch* Fpr larger quantities 
both the Wine Pint of 28.875 cubic inches, and the Jlle Pint, of 35 >25 cubic inches are Ufed. 
^_Twb pints make a Quarts and four quarts make a Gallon. 

The correfpondence between meafures of weight and capacity is found by the weight of a 
cubic inch of water. In Ais however a flight difference exifts, in authorities apparently equally 
worthy of confidence, which depends partly on the extreme difficulty of conftru6ting inftruments 
of perfeA accuracy, and partly on lome flight difcrepancy between the ftandards themfelves. 
The extent of this difference is about half a grain in 253. We have adopted in the following 
Tables the eftimations given by Sir G. Shuckburgh Evelyn, in the 88th vol. of the Philofophic^ 
Transadions, correAed in a fubfequent paper by Mr. Fletcher, in the 4th vol. of the Philofo- 
phical Journal. On this calculation me cubic inch of diftilied water at therm, and 29.5 bar. 
weighs 252.506 grains Troy. 


Hence we have the following equations, 
s ounce Troy of water at 6o^ occupies ^ - 
1 Wine pint of water weighs - - 

I Ale Pint of water weighs - « 

X lb. Troy of water occupies - - 
X lb. Averdupois of watelr occupies 


Cubic inch. 

1.900945 

grj. Troy. lb. Troy. lb. Anterdu. 

7291.11075 = 1.26581783 = 1.04158725 

grs. Trw. lb. Troy. lb. A^^erdu. 

8900.8305 = z. 545284 = 1.271548 

Wine pint. Ale pint. 

.7900031 = *6471302 

Wine pint. Ale pint. 

•960073 ' =: ^7864429 
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We may her« notice tlie very common error of eftimating a wine pint of water to be equal to 
i(>- ounces Troyj fince it wants as much as 389 grs. of 16 ounces, when the cubic inch is 
cllihiate(.\ at 252.506 grs. ‘and 375 grs. when me cubic inch is reckoned at 253 grs. which is the 
higheft eflimation. Neverthelefs as feveral mcafuring veilbis are thus graduated, and as the 
adoption of this ilandard would be extremely convenient, this meafuremeht may be often ufe> 
' fully employed for moderate quantities } but the chemift fliould then exprefs that he ufes the 
pintof 16 ounces Troy. 


TABLE 

Fox converting Cubic Inches of Water (at 60 Therm, and 29.5. Bar.) into their equivalents 

in Troy weight. 


Cut. Inch of Water 

1 . weighs 

2 . 

3 - 

4. 

I: 

2; 

172!. (i cub. foot) 


Troy grs. 

oz. dram 

grs. 

252.506 = 

0:4: 

12.506 

505.012 = 

1:0: 

25.012 

757 - 5*8 = 

1:4; 

37 - 5*8 

1010.024 = 

2:0: 

50.024 

1262.530 = 

2 l S ' 

2.530 

1515.036 = 

3:1: 

15.036 

1767.542 = 

3:55 

27 - 54 « 

2020.048 = 

4:1; 

40*048 

2272.554 = 

4:5: 

52.554 

— — 909 : 0 : 

10.368 


TABLE 


tot converting Troy grains, drams, ounces, and pounds of Water into their equivalent 

Cubic Inches. 


, Grain Cubic Inch 

1. := .00396 

2. == .00792 

3. = .01188 

4. = .01584 . 

5. = .01980 

6. = .02376 

7. = .0277a 

8. = .03168 

9. = .03564 


Dram Cubic Inch 

1. .237618 

2 . = .475*36 

3. = .712854 

4. =; .95047a 

5. = 1.188090 

6. = 1.425708 

7. = 1.663326 


Ounce Cubic Inch 

1. = 1.900945 

2. =: 3.801890 

3. =: 5.702835 
= 7.603780 
= 9-504725 
=r ii.4p|67o 
= i3.3oo6rc 
= 15.207560 
= 17.108505 
= 19.009450 
s= 20.910395 


I 

9 

xo. 

XI 


Pound Cubic Inch 
X = 22.81124 

2 = '45.62208 

4 = 9* -*4536 

5 =: 114.05670 

6 = 136.86804 

7 = 159-67938 

8 = 182.49072 

9 = 205.30206 
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TABLE 

For converting Wine Pints of Water into their eqtthndent Troy anfl .AtMdttpois Pounds. 


Wine Pints He . Trof ■ lbs . 
I. =r 1.26581783 = t 

а. ■= 2.53163566 = 2 

3 . = 3.79745349 = 3 

4. = 5.0632713a = 5 

' 5. z= 6.329 <;^i5 = 6 

б . = 7.59490698 = 7 

n . =■ ^ 8.86072481 = 8 

8. = 10.12654264 = IQ 

9 . = 11.39236047 =Z II 


0Z. dr. averdup. 

3:1: 31. 1 r= 1.04158725 
6:3: 2.2 — 2.08317450 

9:4: 33-3 = 3 -«H 70*75 
0:6: 4.4 = 4.16634900 

3 - 7 • 35-5 = 5-20793625 

7 : I ; 6.6 = 6.24952350 

10 : 2 : 37-7 — 7.2911 1075 

1:4: 8.8 =: 8.33269800 

4:5: 39-9 = 9-37428525 


JL 


TABLE 

For converting Troy Pounds of Water into their equivalent Wine Pints. 


TTroy Pound Wine Pints 
I. = 0.7900031 

a. = 1.5800062 

3. = a.3700093 

4. = 3.1600124 

5. = 3-9500155 


Trey, Pound Wine Pints 

6. = 4.7400186 

7. = 5.5300217 

8. = 6.3200248 

9. =: 7.1100279 


TABLE 

For converting Troy Pounds into their equivalent Averdupois Pounds. 


lbs. Troy lbs.^verdups» 
1. = 0.82285714 
a. = 1.64571428* 

3. = 2.46857142 

4. = 3.2914285^* 

5. =z 4.11*428571. 


tbs. Troy tbs. Averdups. 

6. = 4.93714285 

7. =r 5.76000000 

8. =: 6.58285714 

9. = 7.4057 142^ 


TABLE 

For a>nverting- Averdupois Pounds into their equivalent Troy Pounds. 


Ibs.Averd. lbs. Troy 

1. .= 1.21^7^ 

2. = 2.430555 

3. = 3-645833 

' 4. = 4.861111 

5. = 6.076388 


. Ibs.Averd. lbs. Troy 

6. = 7.291666 

7. = 8.5069^ 

8. = 9.722222 

9. = ZO.937500 
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TABLE 

For coovcr^g ArerdupcM Ounces into Dedmals of tbe Averdupols Pound. 


Ou. ihs* 

.25 = .615625 
.50 = .03125 
' 1.00 = .0025 

2.00 = .1250 

3.00 = .1875 

4.00 = .2500 

5.00 = .3125 
0.00 = .3750 

7.00 z= .4375 


Oz.Av. lbs. An, 

8.00 = .5000 

9.00 == .5625 

10.00 = .6250 

11.00 := .6875 

12.00 = .7500 

13.00 = .B125 

14.00 ^ .8750 

15.00 = .9375 


TABLE 

For convertiag Dedmals of the Averdupois Pound into Arerdupois Ounces and Decimals 


lbs.Av. 

.2 =: 

•3 = 
.4 = 

:i = 

.9 = 


ttx.Av, 

1.6 

4.8 
6.4 
8.0 

9.6 
11.2 

12.8 
14.4 


lbs.Av, 

oz.Av. 

.01 

.16 

.02 

• 3 * 

.03 

.48 

.04 

.64 

•OS 

.80 

*06 

.96 

.07 

1.12 

.08 

1.28 

0.9 

1*44 


Ti^LE 

For conrerting Ounces, Drams and Grains TVojr into Decimals of the Troy Pound. 


Grsim 

1. : 

2. s 
3 * = 
4 . = 

5 

6 

7 

8 
9 


/Ar. TVvjr 
.000173611 
.000347222 
.000520833 
.000694444 
.00086805^ 
.001041666 
.001215277 
.001388888 
.001562506 


Dram 

1 

2 

3 

4 

5 
6 . 


.01041 6^ 

.0208333 

03125*0 

.0416066 

.0520831 

.0625006 


Oz. 

1. 

2. 

3 

4 


7 

8 
9 

10 

n 


/Ar. TViojr 
= .0833 
= .1666 . 
= .2500 

= -3333 
= .4166 
= .5000 

= -5833. 
== .6666 
= .7500 

= *8333 

= .9166 
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TAN^ 

For converting Decimals of the Troy pound Into Troy Ounces^ Orams) and Grains. 


a . oz . dr . 

grains 

a , oz . dr . grains 

.1 r= -X ; I 

36 

.01 = 0:0: 57.6 

.2 =r 2:3 

12 

.02 = 0 : 1 : 55.2 

•3 = 35 i 

48 

.03 =012: 52.8 

.4 = 4 *• ® 

24 

.04 = 0 : 3 ; 50.4 

.5 = 6 : 0 

0 

•05 — 0 : 4 • 48*® 

.6 = 7 : I 

36 

.06 = 0 : 5' : 45.6 

.7 = 8 : 3 

12 

.07 = 0 : 0 : 43.2 

.8 9:4 

48 

.08 =0:7: 40.8 

.9 10 : 6 

24 

.09 =0:8: 38.4 

1 


at. 

.00 1 

.00a 

.003 

.004 

.005 

.006 

.007 

.008 

.0091 


gramt. 

5-76 

11.32 
17.28 
23.04 
28.80 
34.^6 

40.32 
46.08 
51.84 


FRENCH WEIGHTS AND MEASURES. 


THE numerous and valuable refearches of French authors in every branch of chemiftry 
require a knowledge in the reader of the weights and meafures commonly employed by them ( 
which is more particuhr^ neceflary.as the denominations common to feveral meafures in both 
countries exprefs very different quantities both abfolutely and relatively, which fometimes leads 
to very ferious miftakes. Thus the French pi/ife is equal to nearly two EngUlh pints : Ae grot or 
eighth of an ounce contains 72 grains, whereas our arsrm, which is ufually reckoned as its equi- 
v^ent, conuins only 60 grains : the French grain is of lefs abfoiute weight than the Engli fli 
grain, but the French inch is longer, and hence ^e fame proportion does not hold in the two 
countries between the meafures of weight and capacity. 

The ftandards of weight and meafure were totally changed in France about die year 1794, 
nearly at ^e time that umilar changes were introduced in. the divifions of the year, but though 
notation of time has now returned to its ancient courfe, the fyftem of lyeights and meafures 
appear ftill to keep dieir ground, and are adually adopted in all chemical writings. It is highly 
neceffary, however,' to give the old, as well as the new fyftem of menfuration, as the moft niune> 
rous, and as yet the moft importaift, refearches, fuch as thofe of Lavoifier, Bcaumd, Macquer, ' 
&c. were made before, the prefent fyftem 'was adopted. 

We poffefs very accurate ftandards of compaiifon between die French weights and meafures 
and our own, the old French having been carefully Compared with the EngUlh ftandards by a* 
commilfion from the Royal Societies of each country in toe year 17521 and the modern French 
■metre having been compared udth equal accuracy with the Englifti inch by Profr. PiAet in 1801. 


The old French weights and meafures are die .following : 


The pound (psidr i» mate) contains 0216 grans, and is divided into 16 ounces, the ounce into 
.8 gros, and the gros into 72 grains : or as follows : 


grains 
24 = 


7* = 
9216 = 


t denier 
3 == I gros 

24 = 8 =: X ounce 

102 = 64 = 8 = z mare 

384 = 128 16 = 2 == pound 
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tt. 

The French pound is equd to 7561. ^troy gindhs = 1.31 

' , m.tref 

The French ounce is = 472.5625 ‘ d* ■ = .984504 

dram 

The French gros = 59.0703125, d* r= .984504 

The French grain = 0.820421 d* 1 . * 

The troy pound is equal to 7021. French grains 
*The averdupois pound =r 8538. d* 



In the reduAion of the French into Englifli me^ifure, the following Table will allift. 


French grains 

1. 

2 . 

3- 

4 - 

1 : 

I: 

9 - 

lO. 

20 . 

30- 

40. 

60. 

70. 

72. 

pros " 
1 
2 

3 

4 

i 

7 


, Trov grains 
0.820421 
1.640842 
2.461263 
3.281684 
4.102105 
4*922526 

7*383789 

8. 20421 
16.40842 
24.61263 
32.81684 
41.02105 . 
49.22526 
57.42947 

59*070312 

drams grs. 

0 : 59-07 

1 : 58.14 

2 : 57.21 

3 •• 56.28 

4 : 55*35 

5 ! 54.4* 

6 : 53*49 


French oz. 

Troy oz. 

drams 

, 1. 


0 

7 

2 . 


1 

7 

3 . 

= 

2 

7 

4 - 

= 

3 

7 

I' 


4 

7 

6 . 


s 

7 

7 - 


6 

7 

. 8 . 
9. 

— 

1 

2 

10. 


9 

6 

11. 

— 

to 

'6 

12 . 


11 

6 

>3* 

nr 

12 

6 

14. 

m 

*3 

6 

*5* 

= 

14 

6 

Pounds 

I. 

sir 

*5 

6 : 

2. 


3* 

4 s 

3* 

m 

P 

a : 

4 - 

nr 

63 

0 : 

5* 

dt: 

78 

6 : 

6 . 

zsz 

94 

4 3 

7. 

ns 

110 

a : 

•8. 

nr. 

>26 

0 : 

9 * 

nr 

141 

6 : 


grains 

52.56 


y/.vo 

30.24 

22.80 

*536 

7.92 

0.48 

53*04 

45.60 

38.16 

30.72 

23.28 

15.84 

8.40 


3 

4 

I 

I 

9 


The French toife (which correfponds with our fathom) contains 6 feet* the foot is. divided into 
12 incheSf and the inch into 12 hnes. 


The French half-toife was found by the authentic meafurement of^e French academy to be 
equal to 38.355 Englilh inches } and hence 

■ EngHJifaat 

The French foot is equal to 12.785 Englilh inches^ or to 1.0654167 


French Jimt 

The Englilh foot = 11.2632 French, inches^ or to .9386 

The fub-divilions of the foot being the fame in both countries, their relative proportions are 
alfo the lame} fo that the French inch = 1.0654167 EngliA inches j-^^d the Englilh 
uich = .9386 French inches. - 

feet inch lines Fng, inches 

The old French ell {Aune) = 3:7: 10.5 Frenchj == 46.69 



t 

■ ' - 2 , 

3 

4 

I 

i 

9 


Sfigiyt infihes 
12.785 
25.570 

38355 

f i.140 

3-925 

2 6.710 

9-495 

102.280 

115.065 

127.850 


The 'French fquare foot or inch 
'I'he Englifli fquare foot or inch 
The French cubic foot or inch 
Tlie £ngli(h cubic foot or inch 


7r. inf&f 
. % - =3 

- i- 3 

i = 


■1 

9 

10 

11 

12 


% 


i.i 

.88126 
1.209:^6' 


».o 6544 « 
2.1308 
3.196* - 
4.2616 

S-S*?® 

6.3925 

7*4579 

*- 5«33 

9.5887 

10.6541 

11.7195 

12.7850 


Englifli fquare foot or JncHi" 
French fquare foot or inch' 
Englifh cubic foot or inch 


.8268784 French cubic foot or inch 


JPrtfteb cube foot ur inch 


2 = 

2 = 

3 ■ = 

4 = 

5 = 


Eng» cube foot or inch 
1.2093+ 

2.4187 

3.6281 

48374 

6.0468 


\Frcncb cubejiet or inch . 

I E 

9 = 

10 = 


Efig^ cube foot or inch 

2 ^2562 
•4655 
9.6749 

iOb884>2 

12.0936 


tVlien one French cubic inch weighs f grain Frenchf or contains 1 gr. of aay other fubftance^ 
I Engli^ cubic inch of the fame weighs or contains *67839 Eng. grain. : ; V 


For meafures of capacity the old French was (as in this country) difieieiit for dry meafufc 
and for liquids. The common integer for moderate Quantities of liquids was* the which. 

is‘ a little more than a quart Etiglifh wine meafure. Tne is half the PinU^’^nii the Ptijon 

is a quarter of the Chopine. For lai^r meafuresi 8 Pintos mAt z Siptior nit Pelts 2XiLd'^ PAes 
make a Muid de Vin Paris meafure, for^in the provinces hath the diviuons and their viuue-Were 
•difierent. There appears alfo to have been, even in Paris, precifely. the fame^ kind of vatiatioil 
in the eftimation of the Pints m obtains in this country vsim the wine pint. The French Pints 
appears to have been legally equivalent to 48 Fr. cubic inches, and then was exadkly txv of the 
Muidt which was 8 cubic feet. Qut Beaume, pnd probably the other apothecaries of Paris (a 
body of men abounding in excellent and emine^ chemifts) make the Pints eqml to 32 French 
•ounces of water at the freezing point. ' The rel^e£tive valuations of the Pinte will therefore be 
as follows! ' } 

1 oz. Ihs. tras En. cub. inch . Fr.cub.im Eng. nuins pint 

The pinte of 32 = 2.62536 =, 59^888 = 49 - 6 ^ = 2.97404 ^ . 

cub.tnch En^cubAneb / i . 1:. . .V v . . 

The pinto of 48 =?: 58*0^94 / = • • • 2-61635 ^ 

differenciB . v ■ •®6369jjjeiqiial to. 

. ' about 7 6iratt»y 40 gr^ Ttof of ureter. 

TIlus difference of neatly an ounce In a quart is fnificiently grMt t6 he <^n. feU in the - coin^ 
Murifon of-eimeriments-. -!i^ Pinte 48!Fr. cuhis inchHi tor pother raalbn tp W^the 

fc^al ftandard, fince'it is thus given in the comparifi^ of tlie*ol4'*e^..tl|eiiiew,Frpnch w< 4 * 8 ^> 
TSe Pkite U there ftaud to49req(Mi.lOyri!9,4a. of g to 

■^ibe pints.. ' . *. ■ •, -.v •, '* ■■ 

voi.. Ik. 44 
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Tvt dry ntafim French ufed the Litrtkt S$jfiaut Mimit, Aftnet mnd SttUr it BM. 
The Litnn ie 36 Fr. culnc inches^ equal to 1.4.65a Eng. udne. pint. The ABnot of 1728 
Fr.'cuh. inch ie equal to i,oog 9 Winchefter bulhel of 2110.4 Eng. cub. inch. . 

The foUowing are the fbbdivifions of the old French ii^e and com meafure. , 

Foifim Litton 

4= 1 Chopine 4= i Quart 

8= 2— 1 Pinte 16= 4= i Boifleau 

64;^ 16= 8= I Septier or eelte 48=12= 3=1 Minot 

2304=576=288= 36=1 Muid de Tin 96=24= o=2=f Mine 

192=48=12=4=2=1 Seticr de Med 


# • 

A totally new fyftem of weights and meafures has been introduced into the French empire* 
and ie that in which jnoft of the expreflions of quandties in chemical experiments are now 
nude. It is therefore neceflary in this place to give their correfpouding quantities in Engliih 
. meafures. 

The new French metrical fydem is founded on a fingle (landard of length which is called 
fhe Mbtub* and is the ten millionth part of the arc of the meridian which extends hrom the 
. Equator to the Pole* as determined by the actual meafurement of a tenth of this arc* between 
Dunkirk and Barcelona by fereral eminent French aftronomers. The metre is equal to 36.9413 
French incheSt which is equal to 39.38272 Englifli inches* the ftandards of each being at the 
temperature of melting ice or 32* Fahr. But as the ftandaids in this country are always referred 
to the temperature of 60* or 02?$ (and the latter is now preferred) the expanfion of brafs (which 
is die material of which the ftandards are made) from 32* to 62* muft always be taken into 
account i for it is obvious that if the Englifli ftandard is at 62” and the French at 32°* the latter 
• will meidiue a left quantity of the former than if both were at 32*. The number 39.38272 
therefore* whidi is dke equivalent to die French metre 'when both are at 32** muft be 
diminifli^ in the proportion in tehich brafs expands 30 degrees* which is eftimated by Dr. 
Toung* from Bprdas expeiimeats* to make the equivalent to the metre to be 39.371 Englifli 
jacbes* the ftandard of the metre being at 32** and that of the Englifli inch at 62*. 

.dUl the new Frendt meafures increafe and decreafe.in decimal proportion* a diftindive prefix 
/ braEF*** *** ***** ^hich the integer is cdled. Theft prefixes are Deca>* Hedo>* Kilo-* 

andmy”*'> (tokcii front die Greek numerals) to ex^reft the muMflicatitn of the integer by 10* 
100* 1000* and 10000 refpeAively } and t)ecif’* Cenri-* and Milli-* (from the Latin numerals) to 
expreft the iivifitu of the integer by io» 100* or xooo. Or according to the foUowing fcale* 
^king the metre as the inftger. 

Mtfres I Aittret 

t Ifyriametre = iooqo* > Metre = i. 

1 luometre = 1000. i Decimetre = o.i 

2 Hedometre = 100. 1 Ccmdmetre = 0.01 

X Decametre = ro. i Millimetre = 0.001 


The metre is the integer of the meafure of Migd^ and from it aU the meafures of furface* 
-m^citv and: wmght, are deduced in the following way. 

For iqnare dinumfions die metre or its p^rts fquaved areemployedk Whm uftd for meafuring 
■ hmd ^ term Art is adorned* which is a decametre fquared. A Heetart, or too Arts, are 
• a^ut eqtdealent to 2 ]&igufb acres. 

For . the i nteger df the meafure of capaci^ both wet and dry, the decimetre cubed is em> 
ployed* and is cdled the JAtrt. It is more than a thhd larger than the (dd French litron* and 
M' equal to 24 Englifh wine 'pints. 

The cubic metre is alfo called a Sitrtt but it uftd for meafuring fire wood* to be 
fnbftituted for the old Frendi Ctrit it Sis. 

For the integer of the mlleafure of weight* the wei|^ of a cubic centimetre ^ diftilled watqr 
at 32* hat been adopted. This is caUed a Grmhmt, and is equivalent to about lyf Eo|^Uh 
grains. 


« 
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Of thefc meafares tb« Mkrtf Z-itn, and Gtmmme^ are almoft the only integers that tht 
tbemical reader will ever meet with> and certainly their uniformity and csa€t ratio to eads 
.«ther» and decimal prpgreffion* render ^ compariibn of them with our own meafurea extremely 
eaftr* 

'llie following ate the oorreliKmdences between thele and EngHlh meafdres. 

The Mbt&b.=: 39.371 Englilh inches. 

The Iquare Metre =:• 1350.075641 Englifli louare inches. 

The fquare Decimetre = 15.50075 Englifli Iquare inches. 

$uhef*et, cut, inch. 

The Cubic Metre =: 61028.028 Englifli cubic inches = 35 : 548.028. 

The Cubic Decimetre, the fame as the Litre. Engi^ euUe in«hcj. 

Tbb Litrb, equal to the bulk of Kilogramme of water = 61.028. 

Triy grains. 

Tbb G&bbmb, or weight of a cubic Centimetre of water = 15.44402. 


The*^fbllosnng Tables wUl aifift the Reader. 


Metre. 

1. 

2 

3 

4 


i 

9 


Eng. feet. 

\ \ 

- 9 

: \i 


»9 

22 

-26 

29 


Inches. 

3-37« 

6.74a 

10.112 

1.484 

4.85s 

8.226 

'i:PI 

6.339 


Deeimetrtn 

I. 

a. 

3- 

4- 


I: 


JEeg. Inches. 
3-937 « 
7 - 874 » 
11.8113 

*5-7484 

19.685 e 
23.6220 

ij.SS 9 l 

31.4968 

35-4339 



Sn.cuh.inch 
61.028 ss 
122.056 r= 
183.084 = 
244.1x2 = 

iSilS = 

427 196' = 
488.224 = 
549 .asa = 


jile pints 

1.73*3 

3.4626 

S •*939 

0.9252 

8.656e 

X0.3878 

12.1191 

* 3 * 8 S «4 

15.5817 



W^ine ^nts 
2.1 1353 
4.22706 
6.34059 
8.454*2 
10.56765 
12.08118 

*4*7947* 

16.^824 

19.02177, 


Ost.treytf mutter 
32.104 
64.208 
96.31a 
128.416 
160.520 
192.624 
224.728 
256.83a 
288.936 


Gramms 

X. = 

a. s 



I 

Z 



9 


lirsygrainsl 

46.33a 

61,776 

77.220 

92.664 

X08.X08 

122.552 

138.996 


Deeom 
'gremme 
1. 
a. 

3* 

4. 


I 


dram 

2 

5 

7 

xo 

la 

li 

ao 

*3 


Trvy 


grs. 

34*44 

8.88 

43-3* 

17.76 

52.20 

26.64 

1.08 

35*52 

9.96 


HtBOm 

gramme Troy 0 Z 9 

1. = 3 .ai 75 

а. =s 0.4350 

3* = 9*6525 

4. = 12.8700 

5. = 16.0875 

б. = *9-3050 

2, = 22.5295 

8. = 25.7400 

9. = 28.9575 


Averd. ez. 

3*5279 

7*0558 

*•*5837 

14.11x6 

*7*6|9S 

21.1674 

*4.6953 

28.^232 

3**75*» 


The dedmal p to g r d BoB of all the French weights and meafurea Tenders it only aeeefl^r to ' 
‘ chfBge die decimal pmnt in order to convert one into the equivalent of any odwr, of die fme 
fpBdes and numeiicwy die fiune, but of a tUfierent denominadoo. Thus as 9 IkM are equal 
to 15.5817 ale pbattf 9 heAtditres will be equal to 1558.17 ale pints t and fo of the left. 

442 > 
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OERMAN AND^ 

A VAST variety of weighte and in^fiires are in Inail ufe !ft Germany, as difl^renees ex!{l • 
bet>veen the mark, elly &c. of almoft every ftate. There appears, however^ fironn the accurate 
account given by Gren (in his Syftem. Handbuch der Chemie, Vol. i.) to be two kinds gf 
weight to which all thofe employed in Germany may be r^enedj which are fiiffioient for 
our prefen t purpofe. 

The ancient and moft authentic ftandard of weight is the 

Cologne Mark or Mark Charlemagne with its divifions. The matk is the higheft hitieger ulbd 
in this llandard which was intended for gold and filvcr, but^ it is alfo confidered ais half the 
Cojogne pound. The mark contains 8 ounces, the ounce 2 loths, the loth 4 quentchens or dramsi 
and tlie quentchen i pfmning, . pennyweight, or denier. Befides this, the pfenning is fubdivided 
into 256 Rcchupfenningtheily or llandard parts^ which laft diyifion, hwever, is only hypothetical, 
but is extremely ufeful for comparifon ; lor as the pfenning is itfelf the 256th part of the mark, 
the latter contains A5536 llandard parts, which ^is a fufficiently minute divilioxi for all a£lual caU 
culatioiis.^ The Cologne Mark therefore is thus divided ; 

^ Standard parts 

256 = I Pfenning 

102^ =: 4=1 Quentchen 

4090 = 16 1= 4 =r 1 Loth 

8192 = 32 = 8 =r 2 = 1 Ounce 

65536 = 256 =64 =16 = 8 .= I Mark 


Alfo two marks make a pound. The Pfenning is further fubdivlded either into 2 Helter^ or 
into i^^Efchen, or into 9 As. 

The Grain weight therefore does not enter into this divifion of the Cologne Mark, but in the 
dfvilion for weighing gold and lilver it is ufed, as will be mentioned. 

The other fet of weights ufed commonly in Germany is the Nuremburg Medicinal^ Weight, the 
integer or pound of ^^ich is divided precifely the fame as the apothecaries’ divifion of the 
Englilh pound Troy; that is to fay, the pound into I2‘ ounces, the ounce into 8 drams, the dram 
into 3 fcruples, and the fcruple into 20 grains. ^Neither the pound nor ounce nor dram of the 
Nuremburg weight are the fame as the pound, ounce, and quentchen of the Cologne weight, 
the Nuremburg pound being:= 100423 .5 llandard parts — and the ounce == 8368.025 St. Pts. 
For commerce and common ufe the Nuremburg pound is increafed to 16 oances=i33898 
St. Pts. 

The Nuremburg medicinal pound of 12 ounces appears to be the llandard for apothecaries^ 
weight all over Germany, and therefore is probably that which is more, commonly ufed by che- 
mifts. Hence, when we meet with the term pound, ounce, dram, and grains, in German che- 
mical authors, we may generally conclude that it is the Nuremburg medicinal weight, unlefs 
otherwife fpecilied. 

But the Cologne Mark weight is employed univerfally for allaying gold and filver, and there* 
fore is alfo of very frequent occurrence. 

The Englilh Troy pound is given by Gren as equal to x 04688 St. Pts. of the Cologne Mark, 
whence the Nuremburg pound, ounce, dram, fcruple or grain =; .959266 EngUih Troy pound* 
ounce, dram, 8cc. refpeAively : or by the following table. . « : 


NurtnAti^ 

s= 

Eng, tre, 
0.95920 

a 

3 

= 

1.01853 

2.87780 

4 


3.83706 

5 

= 

4^.79633 


Nuremierg 






{ m ) 

f > 99 Troy OQtioe^if s;; &34'ff..j4i; wEwmw 
tlie Cbtoiim Q'uim» aod eighth of an onnce (or goentphen) ia ;=,. 93 Qe,i 8 tVoy ounce or fkaoi^ 
rei]peAively i aim the Qoiqgne mark ia == y.5i9t|;.^ a roy onocef : . or dio following fAle ^• ' . 


Cologne oz, or QitentcHen 

Trejfex, or dram< 

Gdogne ox, 90 ^hmtehen Trn ix. ^rJr«m , 

I 

• 939 * 

6 2= 5.634 

■ a =• 

1.878' 

7. = 6.573 

'3 = 

2.817 

8 = 7.5** 

= 

3 - 75 ^' 

9 s= 8 . 45 * 

s = 

4.695 



When gold" and filver are weighed in Germany by the Cologne markj it has a totally difierent 
fubdivition from the common ounce, qucntchen, and pfenning. 

For gold, the mark is divided into 24 carats, md the carats into 12 grains# The Carat there* 
fore, where it is a real weight, is equal to 150,242 Troy grains, and the XSrain^ or 288th part 
of the mark is equal to 12,^2 Troy grains, . / 

For (liver, the mark is divided, as ufual, into iff Lothsy ot half ounces, but the loth into. 
Grahis, The grain is in this cafe alfo the 288th part of the mark. Tliis circumftance of 
employing the tttm grain occafionally for a fubdivifion of the mark, and giving to it a value 
upwards of 1 3 times the Nuremburg grain (hould be carefully noted, as many errors may arifo 
from it, particularly to the Englidi reader. 

The method of condufling the alTay of gold and filver has been deferibed under the article * 
Assay, and it is there mentioned Tp. 117) that the fmall piece of gold cut off the ingot to be 
aflayed is called an AJfay tnariy ana (like the real mark of gold) is divided into 24 carats, and' 
each carat into 12 grains, by fmall fets of weights ufed for this purpofe. The actual quantity 
of gold ufed for this purpofe is half a pfenning, or yf-y of a real mark = 128 ftandard parts^ 
or . about 7 grains Troy. The affay grain is further divided inta halves and quarters. The 
AJfay mark for Silver h divided as the real mark for this metal, namely, into iff loths, and each 
loth into 18 grains, and the grain into halves and quarters; and the real weight of the filver 
affay mark is twice that of gold, or one pfenning. 

The German aflayers and mineralogius have alfo the Docitnm/lic which has generally' 

the aiSAual weight of one quentchon (equal to 56.34. grains IVoy) but is fubdivided into 100 - 
docimalUc pounds, each of which therefore is equivalent to about f grain Troy.^ 


The mofl: common meafure of length in Germany is the Rhinland foaty to which ftandard the 
foot, ell, &c of the different dates is ufually compared. 

With r^ard to the length of this mealure in Englilli inches, the Pied du Rhin is faid in 
Peuchet*8 de Commerce, tabe = ii inch. : 7 lines, of the old French pied de roiy which • 

is = 12.341 Englifh inches. Hence we have the following numbers, viz. i Rhinland foot 
= 12.341, Englifh inches, and therefore i Rhinland inch = 1.02S42 Englifli inches, and r 
cubic inch Rhinland = 1.08769 Englifh cubic inches, = 274.648 Troy grains of diflilkd 
water = 286.31. Nuremb. grains.- 

On the other hand, Klaproth in his analyfis of tlte Carlfbad water, and in the other parts of 
his works, employs the cubic inch, which, he faysy holds 290 of the true Nuremburg grains 
of diftilled water/ and which appears to be as common a ftandard of length among the Germaa 
ehemifts as the Nuremburg is of weight. Now according to Grcn, 290 Nuremb. grains, 
278.i87Trroy grains, = 1.10169 Englifh cubic inch, of water, and the cube root of i.ioiyco-j- 
(which hardly differs from 1.101693) is = 1.032812. So th;it the inch ufed by Klaproth 
1$ probably the Rhinland inch, which by this eftimation is = 1.032812 Englifh inches, anti 
by the former is = 1.02842, Englifh inches, the difference being only about .0044* 
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We may thertibra without danget oMterial eniMr« eonfider the in^ ufied by moft'of 
Ae Germui dwmifb (uideft othe^fe iQpeeified) m 'ihit whi^, wbeu eUbbd> coiltiiiii 
Kofemblig grains of water* and as having-dM folio wing- pny>r tio ns widi the Englifli; 


vrmAtt* Bt%* fitt»rimch«t. 

I. = 1.0328 

a. = a.o6c6 

3 = 3*o9o4 

4 r= 4>I3>2 

I = 

i = 7.aa97 

ss 8.2625 
9 ss 9 .a 953 


Gtrm. 

* 

a 


3 

4 




S. cut. uwb* 
i.ioiy 

а. 2034 

3.305* 

4.4068 

5-5085 

б. 6ioa 


7.71 1< 
8.8131 

9.9*53 


When I German culde inch wei^s or contains 1 Nuremburg grain } 1 cubic inch E^lifli 
wdghs or contains .87.07 Troy gnun. 
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TABLES BELATINO TO THE THREE THERMOMETERS COMMONLY, USED. 


Under the artide Thermometer in Appendix. I. we have mentioned that -die thermometers 
commonly emjdoyedj are in this country univerfally ; Rt0umur*s on moft parts of 

the continent $ and lately or the Suredifli thermometer* has been adopted in FrMice 

under the name of the Centigradt, Both the zero and the divifions of each of thefe three differ. 
The following three tables will give dte eorrefpondences of each thermometer for every degree 
of each from ata" of Fahr. die boiling point of water, to — 40, the freezing point of mercury. 


TdbU for Fabronboifs Tbermomrttr. 

% 


Fobr* 

Ruu. 

’ Cm/. 

Pahre 

Rimse 

Cent. 

IlFInir’. 

Reau‘ 

aia 

an 

80.00 

79*55 

loo.oo 

99*44 

* 170 

*69 

U;i3 

76.66 
, 76.11 

128 

1 127 

42.66 

42.22 

aio 


98.88 

168 

60.44 

75.55 

1 126 

4*.77 


78.66 

98.33 


' 60.00 

75.00 

1 *25 

4**33 

208 

78.2a 

97*77 

166 

165 

59.55 

74.JW 


40.88 

207 

77*77 

97*22 

52*51 

73*88 

ilBI 

40.44 

aoo 


96.66 

164 

58.66 

73*33 

ia2 

40.00 

205 

76.88 

96.11 

163 

58.22 

7a.77 

121 

39*55 

204 

76.44 

95*55 

162 

57*77 

72.2a 

lao 

39** » 

203 

202 

76.00 

75*55 

95.00 

94.44 

161 

160 

|?:3i 

71.66 

71. It 

::s 

38.66 
38.22 . 

201 


93*88 


5^44 

70*55 


37*77 

200 

74.66 

93*33 

158 

56.00 

70.00 

KIO 

52*22 

199 

74.22 

92.77 

*57 

55*55 


”5 

30.88 

198 

73*77 

92.2a 

156 

55**1 

68.88 

114 

38.44 

*97 

73*33 

91.66 

*55 

54.66 

68.33 

“3 

36.00 

196 

72.88 

91.11 

*54 

54.22 

67.77 

112 

35*55 

*95 

72.44 

90.55 

*53 

53*77 

67.2a 

111 

35**1 

*94 

72.00 

90.00 

*52 

53*22 

66.66 

110 

34.66 

*93 

7**55 

89.44 

*5* 

52.88 

66.11 

lOQ, 

34*22 

192 

71,11 

88.88 

150 

52.44 

85*55 

108 

33*77 

*91 

190 

70.66 

70.22 

59*77 

88.33 

■87.77 

87.2a 

149 

148“ 

147 

52.00 

5**55 

5**li 

65.00 

64*44 

63.^ 

105 

n-M 

32.44 

188 

*87 

Hiii 

80,66 

86.11 

146 

145 

50.66 
50 22 

63.33 

82.77 

104 

103 

32.00 

3**55 

186 

68.44 

85.55 

144 

49*77 

62.22 

loa 

3*.*i 

185 

68.00 

85.00 

*43 

49.33 

61.66 

lOl 

30.66 

184 

^.55 

84.44 

142 

48.88 

61.11 

ioo 

30.22 

*83 

67.11 

83.88 

141 

48.44 

60.55 

99 

29.77 

182 

i8t 

66.66 

66.22 

83*33 

82.77 

140 

130 

48.00 

47.55 

60.00' 

59.44 

: 98 
97 

%ii 

180 

65.77 

82.22 

*38 

47*** 

58.88 

i 96 

28.44 

179 

!5-23 

81 66 

*37 

46.66 

58.33 

: 95 

28.00 

178 

64.88 

81.11 

136 

46.22 

57*77 

; 94 

27.55 

*77 

64.44 

80.55 

*35 

45.77 

1 52*33 

93 

27.11 

176 

*75 

64.00 

63*55 

8e.oo 

134 

*33 

J5:ii 

1 56.66 
56.11 

92 

9* 

26.66 

26.22 

*74 

63*11 

78.88 

132 

44.55 

55*55 


25.77 

*73 

62.66 

78.33 

131 

44.-00 

55.00 

1 it 

*5*33 

172 

62.22 

77.77 

130 

43.55 

54*44 

\ 88 

24.88 

. 17* 

61.77 

77*a» 

139 

43*>i 

53*88 

1 «7 

. 24-44 


11 1 I 


Cent, 

53*33 

Sa*77 

ca.aa 

51.66 

51.11 

5**S5 

50.00 

♦2*44 

40.88 

48.33 

48.77 

47*aa 

46.66 

46. iz 

45*55 

45.00 

44.44 

43.88 
43*33 
42*77 
4a.aa 

41.66 

41.11 

40^ 

40.00 

38*33 

37*77 

37*22 

36.66 
36.It 
35*55 
35*o» 
34* 

33* 
33*33 

32.77 

32.22 

31.66 

31.11 

3®.S5 








•JFdhr. 

Heau. 

Ctnt, 

'Pahrt- 

Reaut 

• 

Pabr.' 

Rtmu . ' 

Cttit* 

$6 

X4.0Q. 

30.00 

: 43 'i, 

...4.88. 


■ 0‘ 

r» 4*22 


•*5 

a 3-55 

29.44 

• ■•4a'' 

4 - 44 * 

S -55 

—1 

14.66 


84 

23.U 

28.88 

41 

4.00 

5.06 

A 

15.11 

18.88 

83 

23 i 66 

*8,33 

40 

. 3-55 

4.44 

. ’-3 

^ 1-55 

ip.44 

82 

22.22 

27.77 

39 

3.11 

3.88 ^ 

4 

16.00 

20.00 

81 

21.77 

27.23 

38 

2.66 

3-33 

. 5 

t 6.44 

20.55 

8b 

21.33 . 

26.66 

37 

2.22 

2.77 

6 

16.88 

21. It 

79 

20.88 

26. 1 z 

36 

1.77 

2'.22 

z 

* 7-33 

21.66 

78 

20.44 

» 5*55 ' 

35 

*•23 

• 1 .66 . 

8 • 

17.77 

Aa.az 

77 

20.00 

25.60 

34 

0.88 

1.11 

9 

18.22 

22.77 

7 b 

* 9-55 

24.44 • 

33 

0.44 

0.C5. 

10 

18.66 


75 

19. 1 1 

23-88 

32 

0. 

0 

ji 

19.11 

23.88 

74 

18.66 

* 3-33 

3 * 


- 0.-55 

12 

* 9-55 

24-44 

.73 

18.22 

22.77 

3 « . 

6.88 

i.i 1 

13 

20.00 

25^00 

73 

17.77 

22.22 

29; 

i -33 

1.66 

.14 

20.44 

. 25 - 55 . 

7 * 

* 7*33 

21.66 

28 

1-77 

2.22 

15 

20.88 ' 

ZO.IC 

70 

lo.is 

ai.ti 

27 

a.22 

2-77 

16 

21.33 

26.66 

5 i 

i6i^ 

20.55 

26 

, 2.66 

3-33 

‘Z 

21.77 

27.22 

68 

-x6.oo 

20.00 

25 

3-1* 

3.88 

18 

22.22 

27.77 

67 

» 5 -S 5 

10.44 

24 

, 3-55 

4-44 

19 

22.66 


66 

15.11 

18.88 

23 

4.00 

5.00 

20 

23.11 

28.08 


■ 14.66 

18.33 

22 

4-44 

5-55 

21 ' 

'23.55 

29.44 

64- 

I4'.22 

* 7-77 

21 

4.88 

6.1 1 

22 i 

24.00 

30.00 

b 3 

> 3-77 

■ 

AO 

5-33 L 

6.66 

23 

24.44 

30-55 

•ba 

1 13*33 

16.66 

*2 

5-77 

7.22 

24 

24.88. 

31-11 

61 

1 12.88 

i6.ri 

18 

• 6.22 

7-77 

a| 

25-33 

31.66 

60 

;'.*** 44 . 

« 5*55 

• 47 

. 6.66 

8-33 

26 

25.77 

32.22 

59 

12.00 

15.00 

16 

7.11 

8.88 

27 

26.22 

32.77 

58 

;*»*S 5 

14.44 

* 5 . 

7 - 5 S 

9-44 

28 

26.66 

33-33 

bZ 

11.1:1 . 

13-88 

14 

8.00 

IQ.OO 

29 

27.11 

33.88 

56 

10.^ . 

* 3-33 

*3 

'8.44 

10-55 

30 

27.55 

34-44 

55 

10.22 ‘ 

»**77 , 

13 

, 8.88 

11.11 

3 * 

28.00 

35.00 

54 ‘ 
53 

9*77 V 
8*33 


; 11 

5 io 

9 * 3 S 

9-77 

11.66 

12.22 

32 

33 

28.44 

28.88. 

35-55 

36.11 

5 *. 

8.88 



10.22 

12.77 

34 

29-33 - 

36.66 

5 > 

1 * 44 . 

.. 

.8 

10.66 

' 3 * 33 . 


29-77 

37.22 

50 

8.00 

IQ.Olix. 

i '.7 ; 

It.ll 

13.88 

3b 

30.22 

37.77 


7^55 

I S* 4 ^ 

6 ' 

1^-55 

14-44 

37 

30.66 

38.|2 

48' 


! 8.88 

5 . 

12-00 

15.0D 

38 

31. n 

38.88 

‘♦2 

0.66 

8*33 

4 

12.44 

*5.55 

39 

31.55 

39.44 

46 

6.22 

7-77 

.3 

12.88 

16.11 

40 

32.00 

40.00 

45 ; 

5*77 

7.22 

2 

* 3-33 

16.66 


* 



5:33 3 

q.66 

X 

* 3*77 

17.22 



k - 
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^ahle for Reautuut^i Thermometer. 


•Reem 


Fahr . 

Reatt 

Cent , 

Fahr . 

Reau 

Cent . 

Fahr , 

8 o 

lOO. 

212 .. 1 

4a 

52-5 

126.5 

4 

S ' 

41. 

79 

98.7s 

209.75 

4 * 

51.25 

124.25 

3 

3*75 

38*75 

78 

97*5 

207.5 

40 

50 * 

122. 


**5 

36.5 

77 

96.25 

205.25 

39 

48.75 

*19.75 

1 

*•*5 

34.25 

76 

95 * 

203 

. 38 

Arl-i 

*17.5 

9 

0 

3 * 

75 

93*75 

200.75 

37 

46.25 

115.25 

—I 

-1.25 


74 

92.5 

198.5 

* '»36 

45 

113* 

2 

**S 

27.5 

73 

91.25 

196.25 

35 

43*75 

**0.75 

3 

3*75 

25*25 

72 

90 

194. 

34 

42.5 

108.5 

' 4 

5 

*3 

7 * 

. 88,75 

191.75 

33 

41.25 

106.25 

5 

6.25 

20.75 

70 

87.5 

189.5 

3a 

40. 

104 

6 

Z *5 

18.5 

69 

86.25 

187.25 

3 * 

38.75 

* 0**75 

7 

8.75 

16.25 

68 

85 

185. 

/ 30 

37-5 

99*5 

8 

10. 

* 4 - 

67 

83*75 

182.75 

29 

36.25 

97**5 

9 

11.25 

11*75 

66 

82.5 

180.5 

28 

35 

95 - 

10 

12.5 

9*5 

^5 

81.25 

178.25 

27 

33.75 

. 9**75 

11 

* 3*75 

7**5 

64 

80 

176. 

26 

3 *.S 

22*5 

12 

» 5 - 

5 * 

63 

78.75 

173*75 

*5 

3*. 25 

88.25 

*3 

16.25 

*•75 

62 

77-5 

171.5 

24 

30 

86. 


*Z *5 

0.5 

61 

76.25 

169,25 

23 ! 

28.75 

83*75 ; 


18.7s 

-*‘75 

60 

75 * 

167. •! 

22 

27.5 

?**5 ! 

10 

26. 

4. 

59 

73*75 

164-75 

21 

26.25 1 

79**5 


21.25 

6.2$ 

^8: 

72*5 

162.5 

20 

*5 

11- 

18 

22.5 

8*5 

57 

71.25 

160.25 

*9 

* 3*75 

74.75 

*9 

* 3*75 

10.75 

56 

70. * 

158. 

18 

22.5 

7**5 

20 

*1* 

* 3 * 

55 

68-75 

* 55*75 


21.25 


2 l 

26.25 

* 5*5 

54 

67*5 

* 53*5 

16 

20 

68 

22 

27.5 

*7 5 , 

53 ' 

66.25 

* 5***5 

*5 

*8.75 

65.75 

*3 

28.75 

^ 9 'IS 

52 ' 

65. 

149 

14 

*7.5 

63*5 

24 

30 * 

22. 

51' 

63*75 

*46.75 1! 

13 

16.25 

61.25 

*5 

3**5 

* 4'»*5 

59 

62.5 

* 44*5 ! 

12 

*5 

59 * 

26 

3*.5 

26.5 

49 

61.25 

142.25 

II 

* 3*75 

56.75 ; 


33*75 

28.7s 

48 

47: 

60. 

140.' j; 

IO‘ 

12.5 

54.5 

28 

p.*S 

3 * 

58.7s 

* 37*75 1 

9 

11.25 

52.25 

29 

33 .*S 

40 

57*5 

* 35*5 

8 

10 

50 

30 

37*5 

3 S '5 

45 

56,25 

* 33 -?S 

7 

8.75 

47-75 

3 * 

38.75 

37.75 

44 

43 

55 

53*75 

* 3 ** 

1 128.75 

6 

5 

1 6.25 

45-5 ' 

43 .*S . 

3 * 

40. 

4 ^* 


voi.. n. 
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Table, ftr the -Centigrade Thermometer. 


Cent. 

Reau. 

• Fahr. 

Cent. 

xoo 

80. 

212. 

53 

99 

79.2 

2ie.2 . 

52 

98 

78.4 

208.4 

5* 

97 

77.6 

r 206.6 

50 

96 

76.8 

204.8 

49 

95 

76. 

. 203. 

48 

94 

75-2 

20I.2 


93 

74.4 

199.4 

46 

92 

73-6 

197.6 

45 

91 

72.8 

195-8 

44 

90 

72. 

194. 

43 

|9 

71.2 

192.2 

42 

88 

70.4 

190.4 

4* 

87 

69.6 

188.6 

40 

86 

68.8 

186.8 

3g 

85 

68. 

185. 

38 

84 

67.2 

183.2 


83 

66.4 

181.4 

36 

si 

65.6 

179.6 

35 

81 

64.8 

177.8 

34 

80 

64. 

1 ‘JO. 

33 

79 

63.2 

174.2 

32 

78 

62.4 

172.4 

3* 

77 

61.6 

170.6 

3® 

76 

60.8 

168.8 

-29 

75 

60. 

167. 

28 

74 

59.2 

165.2 

27 

73 

58.4 

163.4 

26 

72 

57.6 

161.6 

25 

71 

56.8 

159.8 

24 

70 

56. 

158. 

23 

Si 

55-2 

156.2 

22 

54*4 

*54.4 

21 

67 

53-6 

152.6 

20 

66 

52.8 

150.8 

*9 


52. 

149- 

18 

64 

51.2 

147-2 


^3 

50.4 

145-4 

16 

62 

49.6 

*43-6 

*5 

61 

48.8 

141.8 

*4 

60 


140. 

*3 

III 

47-^ 

138.2 

136.4 

12 

XI 

57 

45-6 

134.6 

xo 

56 

44.8 

132.8 

2 

55 

44. 

>3*- 

8 

54 

43-2 

129.2 

1 

7 ' 


Reau. 

Fahr. ■ 

Cent. 

Reau. 

42.4 

127.4 

6 

4.8 

41.6 

125.6 

5 

4- 

40.8 

*23.8 

4 

3.2 ' 

40. 

122. 

3 

2.4 

39-2 

120.2 

2 

X.6 

38.4 

1 18.4 

I 

0.8 

37-6 ' 

1 16.6 

0 

e. 

36.8 

114.8 

-I 

—0.8 

36- 

**3- 

2 

1.6 

35-2 

11 1.2 

3 

2.4 

34-4 

109.4 

4 

3-2 

33-6 

107.6 

5 

4- 

32.8 

105.8 

6 

4.8 

32. 

104. 

7 

I® 

31-2 

102.2 

8 

6.4 

30-4 

100.4 

9 

z** 

29.6 

98.6 

xo 

8. 

28.8 

96.8 

II 

8.8 

28. 

95. 

12 

9.6 

27.2 

93.2 

*3 

10.4 

26.4 

91.4 

*4 

II. 2 

25.6 

89.6 

'1 

12. 

24.8 

87.8 

10 

12.8 

24- 

86 


*3-6 

-23.2 

84.2 

18 

*4.4 

22.4 

82.4 

*9 

*5.2 

21.6 

80.6 

20 

16. 

2o.8 

78.8 

21 

16.8 

20. 

77- 

22 

1Z.6 

19.2 

V 75-2 

23 

18.4 

18.4 

73-4 

24 

19.2 

17.6 

71-6 


20. 

16.8 

69.8 

26 

20.8 

16. 

68. 


1 21.6 

15.2 

66.2 • 

28 

22.4 

*4-4 

64.4 

29 

23.2 

*3-6 

62.6 

30 

24- 

12.8 

60.8 

3* 

24.8 

12. 

59 

32 

25.6 

II. 2 

57-2 

33 

26.4 

10.4 

55-4 

34 

27.2 

9.6 

53-^ 

3| 

28. 

8.8 

51.8 

36 

28.8' 

8. 

50. 

• 37 

29.6 

7.2 

48.2 

38 

30-4 

6.4 

46.4 

39 

3*-2 

5.6 

44.6 

4« 

32 


FaSr^ 

42.8 
41. 

39 -* 

37*4 

35-6 

33 -* 

32- 

30.* 

28.4 

26.6 
24.8’ 

* 3 - 

21.2: 

19.4 

17.6: 

15.8 
14. 
12.2. 

10.4 
8.6 
6 .# 
5 - 
3** 

1.4 

2.2- 

4* 

7.0 

94 

XI. 2 

*3 „ 

14.8 
x6.6 

18.4 
20.2 
22 . 

23.8 

25.6 
27-4 

29.2 

3*-„ 

32.8 

34.6 

36.4 

38.2 

4 ® 
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TABLES FOR REDUCING THE DEGREES OF BEAUME's AREOMETER 
INTO THEIR CORRESPONDING EXPRESSION OF 
SPECIFIC GRAVITY. 

Beaume’s Areometer or Hydrometer} though not a very corre£l mftrument, is that wl^ich frohi 
its convenience is employed very commonly by the French chemifts, who are in the habit of 
exprefling the ftrength or fpecifle gravity of the acids, alcohol, &c. which they employ by the 
fcale of this* inftrument. It is deferibed by Beaume in his Elemcns de Pharmacie, p. 466. 

The form of this inftrument is that of the common hydrometer, that is, a lengthened bulb 
or ball with a long narrow ftem rifing from it, .which lafl: is graduated, and the infcniment is lo 
poifed that it floats with .nearly the whole of the ftem above the level of the heavieft liquid whofe 
denfity it is to indicate, and with nearly the whole of the Hem immerfed when the lighteft liquid 
is ufed* A (ingle indrument would in liriftncfs fuflice to indicate the denfity of every liquid from 
the lighted alcohol to the heavied acid, which would include a range of adlual fpccific gravity from 
about .8 to 2. (water being = 1.) But an indrument of this kind mud be either inconveni- 
ently long, or tlie dem mud be very wide, and the degrees too minute for tolerable accuracy. 
Beaume therefore very judicioufly divided it into two fcales, one of which is the areometer for 
fpirits and liquors lighter, than water, and the other the areometer for falts or liquids heavier than 
water. He has further didinguiflied them by inverting the fcales, that is to fay, in the indru- 
ment for falts the o. or zero is at didilled water, and the numbers increafe with the increajtfjg 
denfity of the liquors for which it is ufed % whereas in the indrument for fpirits the numbers 
increafe from the zero with the decreqfmg denfity. Hence it is necelTary to deferibe thefc two 
indruments feparately. 

The hydrometer for falts was made by Beaume in the following way : the indrument was 
fiird immerfed in water at 18. 75* Reaum. zr about 50®. Fahr. and loaded with mercury dropped 
into the bulb till it funk fo low that only the very top of the dem M'-as out of water, wnich point 
was marked as the o. of the fcale. The indrument was then removed to a folution of common 
fait, containing 15 parts (by weight) of fait to 85 parts of water, and the height to which it 
floated was marked on the dem as 15” of the fcale. The interval between thefe two points of 
immerfion being therefore confidered as 15 degrees, the fcale was extended to any required 
number, merely by marking off with compafles an equal length of the dem, and the whole was 
farther fubdivided in the fame way. Beaume confidered therefore that every degree of the 
indrument indicated a denfity of liquid equal to that of -a folution of common fait, in which the 
nnmber of parts of fait in 100 parts, by weight, of the folution, was equal to the fame number 
on the fcale at which the indrument floated. But as the diameter of the dem is leldom equal 
throughout, he propofes to remedy the incorre£lnefs produced by this circumdance, where 
greater accuracy is required, by immerfing the indrument fuccellively in folutions containing 5, 
10, 15, &c. per cent, of fait, and marking thefe points as 5, 10, 15, See. on the fcale, or, to be 
dill more accurate, all the individual degrees may be found by actual experiment. In fadl, even 
where the dem of the indrument is perfedlly cylindrical, this would be the only way to enfure 
perfeA accuracy, as a divifion of equal didances on the fcalc would not precifely correfpond 
with an equal increafe of the percentage of fait in the folution. 

The fcale of this indrument does not properly extend higher than about 30®. as this is the 
point of faturation of water with fait, but it may be lengthened at pleafure by marking oft' equal 
didances on the fcale. 

The following table of cofrefpondence between Beaume’s areometer for falts and the adtunl 
expreflSon of fpecific gravity has been calculated by Mr. Nicholfon, for every third degree 
(Phil. Journ. 4to. vpl. i. p. 38.) from the datum of Morveau that the 66th degree correfponds 
with 1.848 fp. gr. We have added to it the fpecific gravities of mod of the correfporiding folii- 
tions of common fait in water as high as 30®. of the indrument, as given by Haflenfratz in the 
28th vol. of the An. de Chim. p. 298. which ought therefore to be the fame, but which aflually 
difl[er in n# inconliderable degree. 
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We have further added the cotTefponding fpecific gravities with many of the degrees of the 
^hydrometer from i8^ to 45® as given by R. Bingicy, Efq. King’s Aflay-mafter of the^Mintt (Phi- 
loibphical vol. xii.) from aftunl experiments with a Paris hydrometer. This includes 

a fpv.'ciiic gravity from 1.150 to 1.4359 vvhich> with acids^ is fuificient for moft of the purpofes 
of the afl’aycr or mineralogill. 

Beaume*s Hydrometer for Salts* (Temperature 55® Fahr.) 


Beaumi 

Nicho//on 


i=Sp. 

Gr. I. coo ; 

— 1. 0000 = 

a 


1.0128 

3 

1.020 

1.0192 

4 


1.9256 

5 


. 1.0320 

6 

1.040 

1.0384 

1 

1.064- 

1.0448 

1 .0502 

9 

1.0576 

10 


1.0640 

12 

f .089 

1-0775 

14 


1.0910 

*5 

Z.114 


16 


1.1045 

18 

1.140 

1.1182 

20 


1. 1320 

21 

1. 170 


22 


1.1462 

24 * 

1 .2ce 

1.1608 

26 


1.1760 


*.230 


28 

29 

r.26z 

I.I92Q 

3^ 

r.aioo . 


Bhigley 


1. 150 
1.167 


1.216 


*?33 

1.250 

1.267 


Beaume 

3 »=Sp- 

32 

33 

34 

35 

36 

37 

38 

39 

40 

41 

- 4 * 

43 

45 

48 

5 * 

54 

M 

% 

69 

7 » 


Nitholfoh 


1-295 


1.333 


**373 


1.414 

*•455 

1.500 

*•547 

*•597 

*.659 

*• 7*7 

*-Z 79 

1.848 

1.920 

2.000 



The Hydrometer for Sjpirits is conftru^led exaftly on the fame principre^ and the mode of 
graduation is ^alfo the fame> that is, by a folution of fait, and not by mixtures of alcohol and 
water of different denfities. In this hydrometer the zero is placed not at the point to which the 
item finks in diflilled water, but at the point to which it falls in a mixture of 10 parts of fait 
and 90 of water. 7 'hc interval between this point and that of diflilled water is marjked on the- 
fcale as 10 degrees, and thts feale is continued upwards on the flem (imply by meafuring equal 
portions by the compafies. The loth degree of the fpirit hydrometer correfponds with the o. 
of the fait hydrometer, and it is certainly a defcA that the ingenious inventor fhould have intro- 
duced this deviation from what is obvioufly the natural zero in each fcale, namely, the point of 
immerfion in diflilled water ; fince it was as eafy to obtain a meafure for 10 degrees of the fcale 
of the fpirit hydrometer by beginning the notation 10 degrees below zero as at this point. 

The.correfpondence between Beaume’s fpirit hydrometer and the real expreflion of fpecific 
gravity has alfo been calculated by Mr. Nicholfon, and on the following data : viz. Beaume 
found that a fpirit of .842 gr.. at 32®.*Fahr. gave 37 degrees of bis hydrometer v and that a 
mixture of two parts, by weight, of uis fpirit with 30 of water gave 12 degrees of tlie hydro- 
meter at the fame temperature. 

This mixture is found by, Gilpin’s valuable tables to be = .9915 fpecific gravity at this tempe— 
raturej and thefe terms, viz. .842 and .9915 become .832 and .9905 at 55^ Fahr. or 10. Reaum. 
the flandard tempemture of the graduation of thefe mftruments. . We have given in the article 
Aixohol, p. 30. Vol. 1. of this work, Beaume’s table of the denfity of different mixtures 
ofcalcoliol and water expreffed in the degrees of his hydrometer, with the correlponding fpecific 
gravities as given by HafTcn^atz (An. Chim. tom. xxxiii. p. ii.) we (hall here rraeat the 
latter as a comparifon with thofe ^iven by Mr. Nicholfon^ and which will further (hew th« 
dcgiee of incorreflnefs of Beaume’s inftrument* ' 



Btaumfi 
lo 
XI 
12 

*3 

*64 

19 

*9i 

20 

21 

22 

23 = .909. = *9*7* 

24 = .9P3 = 


(TemjfierafttTe 55 * F). 



Beautnim 

Nicholjon . 



*1 

= 

.897 


.9057 

20 


.892 



27 

~~~~ 

.886 

::ir 

0.8944 

28 


.880 

— 

29 


.874 


.8807 

294 

zzz 


30 


.871 



31 


.867 


.8675 

32 


.856 

— 

33 


.852 


.857* 

34 

ZIZ 

.847 

— 

35 

ZHZ 

.842 

frr? 


36 

37 


•837 

HZZ 

.8421 

r— ? 

.832 

zm 

38 

zzz 

.827 



39 

rr-T 

.822 

— 

.8276* 

40 

' 

.817 

1=: 


f. w# 

Beaumts Hydrometer for Sj^rits, 


Nicbolfon * 

i.ooco 

.996 

•985 

•977' 

.970 

•963 

•955 

.949 

•94? 

•935 

.928 

.922 

•915 


HajffeofreOx^ 

1.0000 

.9863 . 
.9796 

.9569 

.9474 
= .938* 

: .9290 


J 


t 



( bOQ ) 

TABLE OF THE SPECIFIC GRAVITY OF WATER AT EVERY DEGREE 
OF TEMPERATURE FROM TO 80- Fahk. 


Fahr. Sp. gr. 

30® — 1.00074 

31 1.00078 

32 1 .00082 

33 1.00085 

34 X. 00088 

35 1.00090 

36 1.00092 

37 1 .00093 

38 1.00094 

39 1 .00094 

40 i.eoo94 

4 1 1.00093 

42 1,00092 


Fair. 

Sp.gr. 

43“ — 

1.00090 

44 

1 .00088 

45 

1 .«oo86 

46 

1 .00083 

47 

.1.00080 

48 

1.00076 

49 

1.00072 

50 

1 .00008 

5* 

1.00063 

S* 

1. 0005 7 

53 

1.00051 

54 

1 .00045 

55 

1 .00038 


Fair. ^<gr. 

56* — 1. 00031 

57 1.00024 

58 1.00016 ' 

59 1.00008 

60 -I <00000 

61 e.99991 

62 0.99981 

63 0-9997* 

64 .0.99961 

65 0.99950 

66 0.99939 

67 .0.99928 

68 0-99917 j 


Fair, Sp, gr, 

69* — 0.99006 

70 o.99%4 

71 0.99882^ 

72 0.99869 

73 0.99856 

74 9.99843 

75 0-99830 

76 0.99816 

77 0.99802 

78 0.99788 

79 0.99774 

80 0.99759 


The above Tabic is that which is given by Mr. Gilpin in the 84th Vol. of the Philofophicatl 
Tranfa^ionsy and is of eflential ufe for taking the fpecific gravities both of folids and fluids, 
by enabling the operator to reduce the weight or bulk of the diftilled water employed in any 
cafe .to that which it would have at any other common temperature, and particularly to 6e* 
which is the ufual (latldard. Thus, for example, lince the fpecific gravity of water at 47®. is 
1.0008', and at 60®. is i. 00000, (and confcqucntly 10008 grs. at 47° are equal in bulk to 10000 
grs. at 60®) it follows that it would require 252.708 grs. at 47* to equal the fpace of a cubic 
inch } for 10000 : 10008 252.506. (the weight of a cubic inch at 60®.) ;252.7o8. The re- 

markable anomaly of the fpecific gravity of water decreafmg through all the degrees of tempe- 
rature below 40°. or tliereabouts, that it remains uncongealed, has been noticed under the article 
WaieTf but the difference for one or two degrees above or below 40® is fo trifling, that it has 
liardly yet been afcertained with perfect accuracy. 
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TABLES RELATIVE TO THE STRENGTH OF ACIDS AND THEIRS 
SATURATION WITH DIFFERENT BASES. 

N.J?. 2 %r faihvnngfive Tables are eietraSed from Mr , Kirwatfs ** Additional Ob/ervathns on 
tbe Proportion Real - Acid ^ tlfc .** Dublin ^ 

1 . 

Table of the quantities of Real Acid iit loo' parts of Sulphuric Acid of dilRnrent denfities 

at 6o". Fahr. 


TOO parts 

Real 

Spo gravity . 

Arid . 

2.0000 

89.29 

119859 

88.39 

*• 97*9 

87 -SO 

*•9579 

86.61 

*■9439 

* 5 - 7 * 

*.9299 

8-4.82 • 

t.9168 

83.93 . 

1.9041 

83.04-+" 

1.8914 

82.14 

1.8787 

81.25 

1.8660 

8o;36 

1;.8542 

79.46 

Tiff 424 

x;83o6 

^:iS 

1.8188 

1.8070 

76.79+ 

75-*9 

J* 7959 - 

75 ^"“ 

** 7*49 

74^11 

*• 773 * 

73 ^*a 

1^7629 

72-32 

*• 75*9 

7 *-43 

1.7416 

70 - 54 + 

.*‘ 73 * a 

69*64. 

1.7208 

1.7104 

68.75 

67.86 

1.7000 

66.96 

1.6899 

66.07 

1.6800 

65.18 

1.6701 

64.28 

i.66oa 

65.39 


ICO parts 

Real 

Sp . gravity a 

Actda 

1.6503 

62.50 

1.6407 

1 6313 

61.61 

60.71 

1.6217 

59.82 

1.6122 

58-93 

1.6027 

58.03 

*• 593 * 

57- *4 

1.5840 

56.25 

*•5748 

55-36+ 

1.5656 

54.46 

*•5564 


*•5473 

52.08 

*' 53 *S 

51.78 

1.5292 

50.89 

1.5202 

50-00 

1.51 12 

49 ** *+ 

1.5022 

48.21 

*•4933 

47-32 


464-3 


45-53 

44-64 

*•4427 

^ 3-75 

1.4189 

42.86 

1.4099 

41.96’ 

X.-4010 

41-07 

*•3875 

*40.18 , 

*•3768 

39-28 

1.3662 

38.39 

*^3586 

37.50 

*•3473 

36,6c 


leo parts 

Real 

Sp . gravity . 

Acid . 

1.3360 

35-71 

*•3254 

34 - 8 a 

*- 3*49 

33-93 

1.3102 

33 03 

1.3056 

32.14 

*; 295 * 

31.25 

1.2847 

30.35 

*.2757 

29.46 

1.2668 

1.2589 


1 .25 1 0 

26.78 

1-2415 

25.89 

1.23201 

25.— 

1.2210 

2+10 ' 

1.2101 

23.21 

1 .2009 

22.32* 

1.1918 

21 - 43 + 

1.1836 

20.53 

1.1746 

19.64 

1.1678 

18.75 

1.1614 

17.85 

*•* 53 * 

16.96 

1.1398 

16.07 

*•*309 

15.18+ 

i<i 2 o 8 

14.28 

1.1129 

* 3-39 

l.IOll 

12.50 

*•0955 

11.60 



1*554-3 

^•5295 


.1-5070 

'*•4957 


*•473' 

J-47*9 

*•4707 


*•4553 

1.4524 

*•447' 

1.442a 

*•4373 

*.4324 

*•4275 

I. 4222 

J. 4*7* 

X.4120 


63 * 984 - 


54.124- 


1 ^ 40 1 8 

*'3975 

'•3925 

'•3875 

1-3825 

*•3775 

'•3721 

'•367' 

'•3621 

'•357*. 

X.3521' 

1.3468 

*. 34*7 

'•3364 

'•33*5 
1.3264 
1. 3212 
1..3160 
1.3108 
*- 3 «s 6 
1.3004 
1.2911 
1.2812 
*•2795 

1.2779 

1.2087 


47.06 

46.33 

45-59 

44.86+ 

44 -I 2 

43*38 

42.65 

4X-9* 

41.18 

40.44 

39-7' 

38-97 

38.34 

37-5.0 

36.77 

36.03 

35 - 304 - 

34.56 

33-82 

33-09 


1.2500 


1.2419 

'•2374 

1.2291 
1.2209 
1.2180 
1.2152 
1.2033 
1. 2015 


*.1704 


1.1524 
1. 1421 
1.1319 
X.1284 
1.1241 
1.1x65 


32.35 

31.62 

30.88 

30.15 

29.4* 

28.68 

27.94 

27-21-f 

26.47 

25 . 744 - 

25.00 
24.26 

23.53 

22-79 

22.00 
21.32 
20.59 
19.85 
19.12 

18.48 

*7654- 

' 6 < 9 .x 

16.17 

15.44 

* 4 .‘ 7 » 

* 3-27 



47 

1. 1414 
396 
358 
X.1320 
1.1282 
1.1244 
X.1206 
x.i 168 
f .1 120 
078 


9.09 

8.57 

8.06 

7-54 

7.02 

6.51 

5*99 

5-48 

4.96 

4.44 

3-93 


1.1036 

1.0984 

X.0942 

1.0910 

1.0868 

1.0826 

X.0784 

1.0742 

1.0630 

*.0345 

1.0x69 


Retd 

jicid. 


*3-4* 
12.90 
'.2.38 
1 1.86 

' '.-35 
10.82 
10.32 
9.00 
8.25 
5.16 
2.58 














The explanation of Mr. Kirwan's tenn Real Acidf and the metho'd of eftia|B|pig its quantity 
in any mixture of acid and water, whofe fpeciHfc gravity is known, have been^Ready explained, 
under the article Niiitic Acid, p. 145. and Sulfkuric Acid, p. 273. of this volume, andneetf 
not be here repeat^ at length. It juft be obfei^ed, however^ tnat;by real fitlfburu «eid the 
author means an acid of the fame dehmy as that which Forms one of the ^o conftituent parts 
of perfedtly dry and ignited fulphat pata/fy—Ai^ rW nitric acidt he underftands the acid of per* 
feuly dry nUrat of foia-~md by rttu muribtfc ocm , Ae acid of ignited muriat of poti^. 


In the above Tables Ae difierences between Ae individual numbers are fo fmall as to anfwer 
moft practical purpofes wiAout furAer calcuhuion, fd Aat any fpecific gravit5| whidi is not fet 
down in Ae Table, or entra^ahular^ may genially be referred to Aat in Ae Table to which it 
is Ae neareft.- If, however, a greater approximation A accuracy be required, the contents per 
cent, in real acid of any ^tra-tabular fpecific gravity may be found by the Rule of j^ropornon 
in the following way, as ^en ^ Mr. ^rwan : 

Find Ae difference between me next higher and loWer tabular l^ecific g^vides = D* and alfo 
the difierence between Aeir acid contents = D'. 


Then find Ae di^ence between Ae extra-tabular fpecific gravity and Ae next upper or lower 
tabular fpecific gravity, whiAever it is neareft to =</. 

Hien the difierence between ' Ae quantity of real acid of Ae extra-tabular, and Aat of the 
neareft tabular fpecific gravity a) will be found by Ae follovnng fimple Rule of Proportion, 

D d 


D : D' n d : d*, therefore d* = — — >* and by adding d* to Ae acid contents df Ae loweft tabular' 

D 


fpecific gravity, or fubtraQing It from Ae uppefr, according to whiAever is taken, Ae quantity 
fought will be given. 

To illnfttate AU by a fingle example : What is Ae qu Atit}^ of real keid in lOO pAts of fot* . 
phuric acid of 1.790 fpecific gravity ? 

By tnfpefling Ae Table 1 find that 1.796 is between 1.7959 Ad 1.7849, conftqiiAdy Ae 
tabular numbers concerned, udA Aeir refpefdve ^fierences, will be as follows : 


D 


. Sp. Gr. 
*7959 

= tio 
• 17849 


Real Acid. 
75.00 

D' 

74.11 


.89 


and d A tins cafe is the difierence between 17900 and 17849 = 51. The given proportions 
therefore are. As no : .89 :: 51 Aerefore d = .413 nearly, which added to 74.11 makes 
74.523 as Ae quanAy per cent, of real acid m fulphuric acid of 1.790 Ipecific-gravity. 

This method, however, is not perfeflly accurate,. fince it is. found that Ae affinity Of fulphuric 
acid to water proceeds in a decreafiiw ratio as the quanti^ of water increafes, and confequently 
Aat Ae increafe in feecific gravity wn equal additions of real acid purfues A incceafing Yatio 
from Ae bottom of tne fcale to the top. Therefore the value of d as above eftimated is Ated a 
Kftle too low. 

: By a fimilar method Ae fpecific graidty of any acid, whofe contents per cent, of real ad^ tin 
known, but extra-tabular, maybe found. Find D and D'as before. Ad if is already givA* 
Dif 

Then — — 

D* 


d and d added to Ae lower fpecific grainty, or fubtraded from the upper. 


gives Ae ^edfic gravity foiighfr 


. ( wo ) 


IV. . 

Table of dte quantity of Real Acid required to faturate loo parts of Alkalies and earths. 

{ (SSrwan.) 

teo Parts ^ Sulphuric <A, Nitric A. JHuriaticA. Carbonic A. 

Potafli 82.48 84.96 56.3 IOC. 

Soda ■ . 127.^ * 35 * 2 * 73 * 4 * ^®** 

. Ammonia 383.8 247.82 171. Variable 

Barytes 50. 56. 31.8 28.2 

Strontlan 72.41 85.56 46. 43.2 

Lime 143. 179*5 84.488 81.81? 

Magnefia 172.64 210. I >11.35 1 


V. ■ 

Table of tiie quantity of Alkalies and Earths required to faturate 100 parts of Real Sulphuric^ 
NitriC} Muriatic^ and Carbonic Acids. (Kirwan.) 

' too Parts lA Paqfii, Soda. I Ammonia. XBarytes. Stroatian. Lime. Magnefia. 
Sulphuric A. 121.48 78.32 26.05 200. 138^ 70. 57*92 

Nitric A. >>7*7 73*43 4°*35 178.12 116.86 55.7 47.64 

Muriatic A. > 77*0 136.2 58.48 3x4.46 216.21 118.3 ,89.8 

Carbonic A. 95.1 149*6 — — 1354*5 1 231. 122. I ' 50. 

\ 

From the two laft Tables (fuppoGng them to be accurate, and on the whole they appear to be 
the moft fo of any that have been ever given) the. proportional quantity of acid and bafe in any 
neutral fait may be found by a fimple calculation. In this ftate the fait is'fuppofed to be abfo*. 
totely free from water of cryftallization, and at the utmoft degree of drynefs. Such a ftaite how- 
ever only can exift with part of the above compounds, form any of them cannot be expo^ to a 
heat fumcient to expel the water which they , contain without at the fame time driving off or de- 
cqmpofirtg a portion of the acid or the bafe. This is the cafe with all the ainmoniacal faltSy with 
moft oHihe nitrats, with the alkaline carbonatSy with muriat of magnefia, &c. fo that there ftill 
is wanting to complete the fubie6I a Table of the adual compofition of thefe and other falts at 
difierent degrees of drynefs. This hoWever we have not . thought it necefiary to add. in this place, 
M we have already mentioned the compofition of moft of them under their refpedive heads, and 
it muft. be acknowledmd that the confiderable difference which is found in the eftimatioiM of 
' chtimil^ of eminence^ mews the necelfity of furthm refearches, and of a much greater accuracy 
regulaticig tlte temperature at which deficcation is made, than is coBuaonly bbfetv^. 
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TABLES OF SIMPLE AFFINITY. 

(Copied from HntfMTC^s Epitome of Chemiatpt p. liii.) 


OXTGEN. 

Carbon, 

Charcoal, 

Maneanefe* 

Zinc. 

Iron, 

Tin, 

. Antimony, 

Hydrogen 

Phofphorus, 

Sulphur, 

Ari^nic, 

Nitrogen, 

Nickel, 

Cobalt, 

Copper, 

: Bifmuth, 

Caloric ? 

Mercury, 

Silver, 

Arfenous acid. 

Nitric oxide. 

Gold, 

Platina, 

Carbonic oxide. 
Muriatic acid. 

White oxide of Man« 
ganefe. 

White oxide of Lead. 


OXYGBN,* 

Titanium, 
b^anganefe. 

Zinc, 

Iron, 

Tin, 

Uranium, 
Molybdena, ' 

T ungften, 

' Cobalt, 

AiOtimony, 

Nickel, 


Arfenic, 

Chrome, 

Bifmuth, 

Lead. 

Copper, 

Tellurium, 

Platina, 

hdercury. 

Silver, 

Gold. 


CARBOX. 


Oxygen, 

Iron 

Hydrogen. 


XlTROGfiXd 


Oxygen, 
Sulphur ? 
Phofphorus, 
Hydrogen, 


HTDROGBX, 

Oxy«n 

Sulphur, 

Carlx>n. 

: Phofphorus, 
Nitrogen. 


Bifmuth. 

Antimony, 

Mercury, 

Arfenic, 

Molybdeha, 


potash; SdDA, AND 
ammonia. 

^cUso Sulphuric, 
Nitric, 
Muriatic, 
Phofphoric, 
Fluoric, 
Oxalic, 
Tartaric, 
Arfenic, ^ 
Succinic, 
Citric, 
La£lic, 
Benzoic, 
Sulphurous 
Acetic, 
Mucic, 
Boracic, 
Nitrous, 

• Carbonic, 
Prussic, 

Oil, 

Water, 

Sulphur. 



Citric, ^ 
Taruric; 

\ Arfehic, 

Laiflic, ' 
Behzoic,' 
Acetic 
« Boracic 

Sulphurous, 
i Nitrous, 

i Carbonic, . 

1 Pruflici 

t Sulphur, 

■ Phofphorus, 

* Water, 

^ Fixed Oils. 


STRONTITRS. 

jfciJso Sulphuric, 
Phofphoric, 
Oxalic, 
Tartaric, 
Fluoric, 
Nitric, 
Muriatic, 
Succinic, 
Acetic, - 
Arfenic, 
Boracic, 
Carbonic, 
Water. 


LIMB, 

jfciJs.Oxzlic, 

Sulphuric, 
Tartaric, 
Succinic, 
Phofphoric, 
Mucic, ' 
Nitric, ,, 
Muria4c» 
SiiSeric»; 


yajB^Ua** Tabic of Ac affinity of the metals for according to the difficulty wiA 

Aclr "oxideii arc dccompofibd b j beat. 

4 c a 
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TAIL! OV 8IUP1LI ACTllflTY> COMTUTTOl. 



u4!rulr. Oxalic, 

Phofehoric, 
•• Sulpnuric, 
Fhioric, 
Arfenic, 
Mucic, 

' Succinic, 
Nitric, 
Muriatic, . 
Tartaric, 
Citric, 

* l^lic ? 
I^Aic^ 
Benzoic, 
Aeetic, 
Bcnwac, 
SulphUTOuSf 
Nitron^ 
Carbonic, 
Pnu^, 
Sulphur. 


Arfenic, 

Fluoric, 

Tartaric, 

Succinic, 

Mucic, 

Citric, 

Pholphoric, 

J^diC, 

Benzoic, 

Acetic, 

Boradc, 

SulphuToua, 

Nitrowb 

Carbonic, 

Prusric. 




! Fluoric add, 
! Potaih. 


OXIDE OF PLATIMA. 
G 01 J>.* ' 

Gallic acid. 
Muriatic, 

Nitric, 

Sulphuric, 

Arienic, 

Fluoric, 

Tartaric, 

Phqfphoric, 

Ozdic, 

Citric, 

Acetic^ 

Succinic, 

' Prussic, 

I Carbonic, 
i Ammonia. 



unabc. 
Oxalic, 
Sulphuric, 
Mucic, 
Phofohoric, 
Sulphurous, 
Nitric, 
Arienic, 
Fluoric, 
Tartaric, 
Citric, 
LaQic, 
Succinic, 
Acetic, 
Prussic, 
Ckibonic^ 
Ammonia. 


OXIDE OEMEftCDEX. 

: Gallic wid, 
'Muriatic, 

Oxalic, 

Sucdnic, 

Arfenic, 

Phofehoric, 

SuIjMuric, 

Mucic, 

Tartaric, 

Citric, 

Malic, 

Sulphurous, 

Nitric, 

Fluoric, 

Acetic, 

Benzoic^ 

Boradc, 

Prusric, 

Carbonic. 


OXIDE OF tXMf* 

Gallic, 

Sulphuric, 

Mudc, 


xalic, 
Arfenic, « 
Tartaric, 
Phofphptic, 
Muriatic, 
Sulphurous, 
Suberic, 
Nitric, 
Fluoric, , 
Citric, 
Malic, 
Succinic, 
La£bic, 
Acetic, 
Benzoic, 
Boradc, 
Prussic, 
Carbonic, 
Fixed oils. 
Ammonia. 


OXIDE OF comii* 

Gallic, 

Oxalic, 

Tartaric, 

Muriatic, 

Sulphuric, 

Mucic, 

Nitric, 

Arlenio, 

Phofphoric, 

Succinic, 

Fluoric, 

Citric, 

Ladic, 

Acetic, 

Boracic, 

Pruffic, . 
CEibonic, 

Fixed alkallet, 
Ammonn, 

Fixed dm. 


• tW isnlic, rim, tyEi'OfStt after 
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TABLK OP BiMPLB AFFINITY^ CONTINUED. 


OXiOB Or ARSENIC. 

Oxalic, 

Sulphuric, 

Nitric, 

Alumine,x 

i 

Tartaric, 

Zircon, 

: Gallic. 

Arfenic, 

Tartaric, 

Metallic oxides. 

^ Muriatic^ 

Phofphoric, 

Nitric, 

Mucic, 


Oxalicy 

Phofphoric, 



; SulphuriCf 

Succinic, 

Citric, 


; Nitric^ 

Fluoric, 

Succinic, 

PHOSPHORIC itCID. 

. Taitaricy 

Mucic, 

Fluoric, 

CAKBONIC.:|: 

1 Phofphoric^ 

Citric, 

Arfenic, 

Barytes, 

j Fluoric9 

La£lic, 

La£kic, 

j Succinic. 

Acetic, 

Acetic, 

trontites. 

1 Citricy 

Boracic, 

Boracic, 

Lime, 

' Acetic, 

PruiEc, 

Pruffic, 

potalh. 

! Pruffic, 

Ammonia. 

Fixed alkalies. 

Soda, 

! Fixed alkaliesj 


Ammonia. 

Ammonia, 

1 A - ? _ 



Magnetia, 

' Glucine, 

' .Ammofiiaj 

Fixed oils. 





Alumine, 

i Water. 

OXIDE ‘OF ^INC. 


« 

, SULPHURIC ACID. 

Zircon, 


Gallic, < 

PRUSSIC.* 

Metallic oxides. 

OXIDE OF IRON. 

' Oxalic, 

1 

‘ Silex. 

4 

1 Gallic, 

Sulphuric, 

Muriatic, 

I Barytes, 

' Strontites, 

1 


■; Oxalic, 

. Mucic, 

j Potalh, 

{ 

i Tartaric, ^ 

Nitric, 

! Soda, 

: PHOSPHOROUS ACID. 

' Camphoric, ' 

, Tartaric, 

' Lime, 

Lime, 

I Sulphuric, 

4 Phofphoric, 

: Magnefia, 

j nducic^ 

i Citric, 

; Ammonia, 

Barytes, 

1 Muriaticj 

1 Succinic, 

* Glucine, 

i Strontites, 

1 Nitric, 

' Fluoric, 

Yttria, 

‘ Potafh, 

* Phofphoric, 

Arfenic, 

Alumine, 

Soda, 

Arfenic, 

Lafkic, 

Zircon, 

Ammonia, 

Fluoric, 

Acetic, 

Metallic oxides 

Glucine, 

Succinic^ 

Boracic, 

Alumine, 

Citric, 

Prullic, 

Carbonic, 


Zircon, 

Lta£ric, 


Metallic oxides. 

Acetic, 

Boracic, 

Pruflic, 

Carbonic. 

Fixed alkalies. 
Ammonia. 

SULPHUROUS ACID. 


SUCCINIC.f . 

Barytes, , 

Lime, 

NITRIC ACID. 


MURIATIC II 


OXIDE OF ANTIMONY. 

Potalh, 

Barytes, 

OXIDE OF TIN. 


Soda, 

Potafli, 


, Gallic, 

Strontites, 

Soda, 

Gallic, 

Muriatic, 

MagneGa, 

Strontites, 

Muriatic, 

Benzoic, 

Animonia, 

Lime, 

Sulphuric, 

Oxalic, 

Glucine, 

1 Magnefla, 


• With the omisilon of aJI after ammonia. . . . , . . ... . 

f iUnmonia should come before maniesia; and stromtet, glucmc, and zircon, should be omitted. 
} Magnesia should stand above ammonia, aiM alunfiaa and silica should be omitted. 

I Ajmnonia should stand above magnesia. 











( ) , 


tahi-e op srMPi.E affinity, continued. 


Ammonia, 

Gin cine, 

A1 Limine, 

Zircon, 

Metallic oxides. ^ 

Pot.lfll, . 

Sod:i, 

Strontites, 

Lime, 

Ammonia, 

Magnefia, 

Metallic oxides, 
Glucine, 

Alumine, 

Zircon. 

BENZOIC ACID. 

White oxide of 
Arfenic, 

Potafli, 

Soda, 

Potafh, ■ 

Soda, 

Magnefia, 

Oxide of Mercury, 
Other metallic oxides, : 
Alumine. 


Ammonia, 


ri.UORIC ACID. 

BOR^CIC * 

ARSENIC 1 

Barytes, 

Lime, 

Magnefia, 

Alumine. 

ALCOHOL. 

Water, 

Ether, 

Lime, 



Barytes, 

Strontites, - 
Magnefia, 

Potafti, 

Soda, 

Ammonia, 

Glucine, 

Alumine, 

Zircon, 

• Silex, 

OXALIC ACin. 

TARTARIC 

CITRIC — 11 . 

CAMPHORIC ACID. 

Volatile oil, 

Alkaline fulphurets. 

Lime, 

Barytes, 

Stronites, 

Magnefia, 

Potafli, 

« Soda, 

. Ammonia, 

lAime, 

: Povafti, 

Soda, 

Barytes, 

Ammonia, 

Alumine, 

Magnefia. 

SULPHURETTED 

HYDROGEN. 

Barytes, 

Potafli, 

Soda, 


Alumine, 


Lime, 

' ACETIC ACID. 

LACTIC 

SUBERIC t 

BaryteSy 

Metallic oxides. 
Water, 

Alcohol. 

FIXED OIL. 

Lime, 

Baryte'^ 

Ammonia, 

Magnefia, 

Zircon. 


* Silex should be omitted, and, instead of it, water and alcohol be inserted, 
f Except silez.^ 

I With the omission of stronticet, metallic ojyds, glucine, and zircon. 

I Zircon after alumine. 
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EXPLANATION OP THE PLATES. 


The twelve firft Plates reprefent various articles of chemical apparatus, all of which have been 
particularly defcribed in Appendix I. It will therefore only be neceflary in this place to give the 
names of die different articles, and refer the reader to the fame names in die firft Appendix for 
their conftrufdon and ufes. 

Plate i. 

Fig. I. A long-necked Retort for procuring gaffes. 

2. A Tubulated Retort. 

3. An Adopter. 

4* A tubulated or quilled Receiver. 

5. A common Retort for diilillalioii. 

' 6. A Balloon Receiver. 

7: A ribbed glafs Funnel. 

8. A fmall Matrufs. 
g. An earthenware Evaporating veffel. 
lo. An iron Sand-Bath-pot. 

1 A tubulated Retort, into which fits 
12. An Acid-Holder. 

*3* ^5* Proof Bottles. 

16. A plain Jar. 

17. A Bell Receiver. 

1 8. A graduated or Eudiometer Jar. 

19. A lipped Jar for mixtures, 8cc. 

20. A Precipitating Glafs. 

21. A lipped Glafs for mixtures, &c. 

' 22, 23, 24* A common Crucible with its Cover and its Stand. 

25» 26, 27. A round Crucible with a Cover and Stand. ^ 

' 28, 29. Cupels, round and four-fided. 

30. A Muffle. 

Plate 2. 

31. A common Still fitted to a portable furnace. 

32. A Worm-T ub or Refrigeratory. 

21, 24. A copper Alembic with Water bath and refrigeratory. 

35* A fraall Alembic. 

36. A fet of Ahidcls. 

*3-7. An Apparatus for digeftions, an improvement on 
38. A Pelican. 

39* A glafs Alembic and globe Receiver. 

40. A fepara tor y Funnel. ^ 

41. A Gun-Barrel Apparatus ufed for procuring Hydrogen, &c. 

Plate 3. 

42. 43, 44, 45. Mr. Pepys's improved Woulfe’s Apparatus, which 

may alfo be ufed as a Gas-faturating apparatus. 

46. Dr. Nooth’s Gas-faturating apparatus. 

47. Dr. Hamilton’s ditto . - 

48. A flat-bottomed Matrafs. ' 



■ PSi'A^it 4*r 

Fig. 49» 50) 51. A pneiimatic WatetwHCypagli* • . 

52. Around ditto d^ltp 

53. A' mercuriaLXxough. 

54. Mr. Leflie*B dif^ential Thermometer. 

55. Dr. Hope’s Eudiometer.' 

56. Mr. Davy’s ditto 

57 » 5^* 59« Woulfe’s apparatus of various eobflmdioti. 
do. A Tube of fafety; 


PtJlTK 5. 

' tf I, 62. A common Gasometer or Gas-Holder. 

63. A hollow Gasometer. 

Plate 6. 

64. Mr. Pepys’s Gasometer. 

65. A ftand* convenient for Filtration fuppprting funnels and jar». 
60. An improved Acid-Holder - 

67. An improved Detonati^ Jar or Volta’s Eudiometer. 

68. A flexiole Tube belon^ng to Fig. 64. 

Plate 7. 

69 to 76. Blow-pipe i^paratus of various kinds. 

Plate 8. 

'77 to 82. A Black’s Furnace with its, various parts^ 
o3> 849 85. A MuffleWEiimace for ihtenfe heat. 

Plate 

86 to 89. A portable Bbift-fumace. 

909 92. A reverberatory Furnace. 

Plate 10. { Frvntt /^ uet .) 

4 

A view of riie range of Furnaces in Mr. Pqpys’s Laboratory. 

Plate 11. 

Sefrion and Plan of Plate 10. 

Plate 12. 

92. Cohftru£rion of the door to fomeof the Furnaces of nate 10. 

93. F1at-W^{^med Sand-bath belonging to the £une^ 

94; SefkionoftheFumacefer naked cB ft iHatioii of the fiune. 

95^^ to 98. Fire Tongs of various forms. 



• > Platm lS/14^ & 15, 

Jllustrative^ ojT Crystallography^ ' 


The ohjeA m feleAlng the following figures with their defcriptions (which are thofe of aAiial 
^ryftals) is principally to familiarize the young mineralogift with tlie terms of cryftallography : 
the reader therefore will not <expe£fc to find delineations of all or nearly all the forms of cryftal- 
lization to which minerals are fubjed, A fufficient variety, however, has, we truft, been 
:fele3;ed to enable the-ftudent, with a little praAice, to com jprehend, without much difficulty, th& 
moil complex of the forms that are deferibed in the body oi this work. 

All proper cryftals are re£tilinear folids bounded by plane furfaces or faces: the line of 
junftion, or that in which two faces unite, is called an eage^ and the point in which three or 
iS^ore faces unite is called ayS/il^ 

In every cryftal there are two oppofite ends or extremities : if they terminate in fdlid angles 
they are called fummits^ if in furfaces they are hefes. The faces compoflng the^fummit arc 

. called acuemnatiftg planes or faces of the Urntinal.pyramid^ ^nA the edges by which tlicy unite ^are 
cftlled edges rf the pyramid. 

The plane conftituting each bafe is called fimply the hafe^ and the lines by which it is bounded 
are called the edges of the hafe. The faces intervening between the two bafes are called lateral 
Jacis^ and the lines by which thefe faces come in contaA with each other are called lateral edges. 

If an edge or iblid angle is cut off by the interpofition of one plane, fuch angle or edge is faid 
to be truncated 9 or replaced by a fecondary planes out if it is cut off by the interpofition of two 
planes, the angle or edge is faid to be bevtUed or replaced by t^ao fecondary planes $ and the line 
hj which thefe fecondary planes join each other, is called the beviUing edge. 


fig. 1 is the regular Tetrahedron, or a trihedral pyramid. 

R is the preceding ' with the folid angles truncated or replaced by triangular planes, ji 
Truncatures. 

3 is No. I. with all the edges truncated, a Truncatures. 

4 is No. I. with the edges Devilled, a BevUling edges. 

5 is the preceding, in which the beviUing planes nave entirely obliterated the original oncA, 
i is the Pyramidal Octohedrqn, compofed of two tetrahedrons joined bale to bafe» 

a Siunmits, h acuminating faces, c edges of the common bafe. 

7 is the preceding, with the fummits truncated. 

8 is No. 7. with fecondary pyramids placed on the truncatures. 

^ is No. 6. truncated on the edges. 

10 is No. 6. bevilled on the folid angles^ 

X I is No. 5.' truncated on the folid angles, and bevilled and truncated on the edges. 

X 2 is a pyramidal o£lohedron, with wedge*(haped fummits and a rhomboidal common bafe. 
a Edges of the common bafe. 

13 14 are the Rhomboid, which may bc 'confidmd either as a tetrahedral prifm, or as 
compofed of two trihedral pyramids with rhombic faces. 

X5 is No. X4 truncated on all the folid angles. 

16 is a rhomboidal prifm with dihedral fummits. 

XV is the preceding, with the alternate fblid angles bevilled. 

XD is a rhomboidal prifm, truncated on the nbtufe lateral edges. . a a Truncations.' 

19 is the Cubs, which may alfo be confidered as a reftangular prifm. 

20 is the prece^ng, with all the edges truncated. 

21 is No. 19, with all tlie (olid angles truncated. 

22 is No. X9. bevilled on all the edges. . 

23 is a Rectangular Prism, terminated by tetrahedral pyramids. 
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Fig. 24 is the precetting, bevinedon theiblid angles of the prifm« 

25 is No. 2 ^, truncated on the lateral edges. 

20 is an obl^ue rcdangular prifm deeply bevilled on thefolid angles* 

27 is a redangular prifm with rhomboidal fummits. 

28 is the preceding* with the lateral edges truncatecL 

29 is a tetrahedral table bevil led on the edges. 

30 is the Rhomboidal Dodecahedron. 

31 is the preceding, with all the edges truncated. 

32 is an elongated acute rhomboidal dodecahedron* 

33 is the preceding, witli the fummits truncated. 

34. is No. 32. with the edges of the fummic bevilled and truncated. 

* 35 is the regular Hexahedral Prism. 

36 is the preceding, terminated by hexahedral pyramids. 

37 is No. 36. with the pyramids deeply truncated. 

38 is No. 37. with the folid angles alfo truncated. 

39 is No. 36. with the lateral edges truncated. 

40 is a hexahedral prifm, with three fuperpofed pyramids on each bafe, the two lower of 

which are deeply^ truncated. « 

41 is the Pyramidal Dodecahedron. 

42 is the preceding, with the fummits deeply truncated, and lecondary pyramids fet on thr- 
truncatures. 

43 is the Escosahedrom, with triangular faces. 

44 is agrmbr/s/irdOcTOHBDRAif PlUSM< 





N. B-“— 0«/y arlteht are intreJueed in this Initn nuhieh vnJl met he readtU fiumi in their 
place in the body the nvork. The ^figures that are net preceded by Roman nunuralt imply the pages ^ the 
firfi volume. Appendix /. requires no Indent and a Table ^ CoeUents is prefittM to Appendin' lit 
.-eiating to weights and tneafureSt and ether ufefulteMes, 


Canada balfam, u. 449. 
Carburet of Copperi 31. 
Cawk, 551. 


Agate, asi. 

Alabafter» 547. a; 44. 

Alloy* Copper and zinct i 66 i 
Amalgams* 11. 91. 

Amalgam of Platina* ii, 235. 
Amalgamation, 521. 11. 309* 

Ammoniacum* Gum. ii. 277#* 
Anime* Gum. 11. 275. 

Antimony and Copper* 89. 

Iron* 89, 

■ ■■■Tin* 89. 

Arfenic and Tin. 104. 

Iron, 104. 

- — Lead* 105. 

Arfeniat of Lime* native* ii« 207V 
^Afafbetida* ii. 277* 

AiTay weights* 1 1.6. 

Aventurine* 427. 

Aventurinc* ii* 270.' 

Axeilone* 11. 135. 

Balfam of Mecca* ti* 274*' 

■■■ Capivi* ditto 

— Peru* II. 275# 

'Folu* ditto 

■■ Storax* ditto* 276^ 

Bardiglio marble* 548. 
BelLmctal* 34^* 

Bifmuth and Lead* 1 39. 

Bifmuth* Tin, and Lead* . 139. ' 
Bitter principle* iir 293, 

Biack dyes* 369. 

Black wad* . ii. 55^ > 

Blue dyes* 372. 

Blue John* 437- 
Blue Saxon* 374. 

Bologna phial* . 495* • 

. Bovey coal* 297* 

. Brafil wood* 385- 
Brine fprings* lie 1 1 8« 

Bronze* 348. 

Brown C09I3 ^97* 

BufFdyes* 385. 

Burgundy pitch* ii. 449* 45#. 
Calico printing* 387. 


Cerium* ix. 507* 

Chalk* black* ii. 413. 

Chalk* red* S^ 7 * 

Chameleon* mineral* 222* 

Charcoal* mineral* 299. 

Colouring matter of Flax and Hemp* 1444 
Gombuftion* theory of* xi. 197. 
Congelation* 205. 

Copper and Arfenic* 346. 

■ ■' ■■■— Manganele* 346# 

— Iron* 346* 

Lead, 347* 

Zinc* 347* 

Tin* 347. 

Cupellation* iio. 11. 305. 

Curd* 11^ loo. 

Derbyfhire fpar* 437 • 

Dragon’s blood* ix. 275* 

Earths* mutual affinity* 53.* 126* 

?gg> white of* 21. 

Elemi* 11. 276. 

Euphorbium, 11. 277. 

Fard* blanc de* 138. 

Fermentation* patiary* 174, 

Galbanum* ii« 277. 

Galena, 11. 9. 

Gallftone* 134. 

Glaf8-*blower’8 lamp* 503. 

Glafs mirrors* manufa£lure of* 500* 

Gold and Arfenic* 537. 
———Antimony* 538. 

■ — — — Zinc, 538. 

•— — — Cobalt* 5*38. 

— — Nickel* 538^ 

■ ■ ■ ■ Manganeie* 538* 

* — Bifmuth* 538. 

— Lead, 538. 

Tin* 538* 

Iron, 539. 

— Platina* 539* 

— — SUver, 539. 
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Coldbeating^ art of, 530. ^ 

‘ Grecqi, Brunl wick, 176. 

Green dyes, 386. 

Green fecula of plants, 424. 

Green, Scheelc^S, 343* 

Grey dyes, 372. 

GrJtllojie, ii. 285. * • 

Guaiacum, ji. 278. 

Hedera:, gum, ii. 276. , 

Honeftone, ii. 413. 

Hungary balfam, 11. 448. 

Hyperoxy muriatic acid, ii. 202 
Ice, preparation of, at Benares, 444, 
Indigo, 372. 

Ivory black, i6r. 

Lacquering, art of, ii, 465.. 

Ladanum, 11. 276. 

Lake red, 312. 

Lamp black, 235. 

Lead, black, 300. 

Lead, red, 11. 18. 

Lead and Antimony, ir. 29, 

Lead and Zinc, ii. 29. 

Light, phofphoxefcent, ii. 224* 

Lydian (tone, ii. 3. 

Aladder, 378. 

Manganefe and Arfenic, 11. 6^. 

JManganefe, aftion of,.in glafs making, 487# 
Maftich, II. 276. . » ‘ 

Mercury, congelation of, 448. 

Metallic Ibaps, ii. 332. 

Mordants, 368 — 388. 

Mortar, 277. 

Mountain foap, 13 1. 

Mucous acid, it. hi, 

Mpfeovy talc, ii. 98. 

Mufk, artificial, ii. 274. 

Myrrh, ii. 277. 

Nickel and Gold, 11. 138. 

■ Silver ditto. 

Copper, ditto. 

Till, ditto. 

I — - Irpn, ditto. 

Nitre, II. 152. 

Nitre, native, ii. 155. 

Nitro-fulphuric acid« il. 316. 

OchroVtes, ii. 507. 

Olibanum, ii. 277. 

Ores, ftamping and wafliingof, 521. 
Opopanax, ii. 277. 

Oxalat, metallic, 11. 194. 

Peaftone, ji. 46. . 

:PetOBg, 346. 


fthttd hif tVtff* Thillijks^ Citric Ycri^ Strid* 


Pewter, ir. 433. 

Pitch, mineral, f4f. 

Platina.and Lead, ix. 23$, • 

Porcellanite, n. r. 

Prufliats, metallic, ic. 256. 

Quercitron, 376. 

Red dyes, 378. 

Rhaumus inxe£torius, 122. 

Rocflone, ii. 45. 

Rofes, attar of, methods of preparing, 11. x 8 Xj» 
Rum, manufacture of, ii. 338. 

Rupert’s drop, 495. 

Sagapenum, ii. 277. 

Salt, common, manufadure of, ii. 118. 
Salts, folubility of, in alcohol, 33. 

Scarlet dying, 381. 

Schorl, II. 508. 

Shagreen, preparation of, ii. 37. 

Silver and Copper, ii. 323. 

Lead, II. 324. 

■ Iron, ditto. 

Gold, II. 323. 

— — — Platina, n. 235. 

Silvering of mirrors, 502. 

Silver plate, ii. 325. 

Slikenfide, H. lo. 
rSoapltone, 11. 341* 

Soda, preparation of, from common an 4 
Glauber’s fait, ii. 126. 

Stamping mill, ^52 x . 

Star.ftone, 353. 

Steel, 600-— 611. 

.Succinic acid, a tell for iron, 620U 
Tuning leather, the art of, ii. 30. 

Tawing, the art of,- xi* 34. 

Teeth, x 62- 
Tin plate, 627. 

Tinning copper and brafs, xi- 427. 

Tombac, 3 47 - 
Touch needles, 114. 

Tourmaline, «. 508. 

Type metal, ii. 29. 

Water, its power of condufHng heat, I95» 

- — expanfion by heat, 20J . 

Weights, aflay, iio. 

Weld, 376. 

Woad, 373. 

Wood, bituminizcd, 297. 

Woods, proportion of charcoal yielded by,235. 
Woods, their power ofconduCting heat, ipi, 
Wootz, 605. 

Yellow ^es, 376. 

Yellow, Turner’s patent, 11.-28. 127. 
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during fhe few years that have elapsed since the jublicaHon of their former 
volumes. 

Coitsiderable prins have been taken in verifyi|% calculations ; in 
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fbrni of practical utility, which may best secure it ffbin being superceded by 
future discoveries. 
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AC^ ACE 

A alcohol be add^d, the fermentation is entirely' 

C ANTICONE. See Amphibolr. stopped and no vinegar is formed. 

ACETIC ACIB. Acei^tivs. Vinegar. In mahing vinegar in the large way, from 
M. Cadet* has made several experiments’ on whatever vegetable material, whether wine, cy> 
the manufacture of sugar>vinegar and the best der, grain, carrots, sugar, &c. M. Cadet advisee 
proportions of ingredients. It is well known a previous essay of about 8 ounces of the ma> 
that pure sugar dissolved in water will not fer- terial (if dry) with 3 pounds of water and { oz. 
ment by itself, but if yeast or leaven be added, of yeast fermented completely into vinegar. To 
fermentation is soon established, at first vinous, this is to be added gradually a solution of cau8> 
afterwards acetous. Mucilage, Extract, Fccula tic potash of known strength, till the liquor is 
contributed materially to the products of fer- saturated (as determined oy litmus, &c.) and 
mentation, but M. Cadet has apparently been the quantity of solid potash noted. Then for 
compelled in .order to simplify the enquiry, to every part of^ potash used he estimates 1.S68 
pass over very slightly the effects of these sub- parts pf s'ugar to have been acidified by the'fer- 
stances, and to confine himself to the operation mentation, and hence the saccharine strength' 
of sugar alone. His results therefore can only of the materials is found. Then to prodticti' 
be considered as affording some approximation the strongest posrible vinegar widiout leayinij;’ 
to accuracy. To form a simple sugar vinegar any undecomposed sujrar, he proposes so muw 
he gives the following as the best proportions, sugar to be added to the materials (if deficient' 
Sugar .... 12.4. in ^is principle) as wiH^Taise the proportion t6' 

Leaven or.Teast . 8. per cent, of 'Ae whole feirmenring mass. 

Water .... 86.8 Whidi (with the 0.8 ptr.Mht. of leaven) proA^ 

duces U Rhji^n i'nentione^ ihe most favdiirablh'^ 

100.0 V pippil^onsTor this manufacture. ^ 

— - — , 

. When a much gioater proportion of sugar is on suigly as any ihdica^H|| of the strerigth of 
added, a portion of it escapes fermentation, and acidi^. On this subject^, hlollerat has some' 
may be procured from the vineg^ unaltered, valuable observations, s The . strongest Scetid 
Though alcohol is the leading. pg^^^ pf tlM ^tmid, that b,e could obtain, whitm wM Q^te pure 
vinous fermmitation, and thwefdrMC^rifs pe^^awd Ime 'from emjWreuma,. had the specific- 
fibusX the more alcohol a ferm^ea li^pl^Hm^of 1 .063 at 60° Fahr. Thie. hi^l)^^ 
contains, the greater quantity of acetous ^cid l^^l^arin when moderatelj’ h«ated', 'wd^ 
will pxodpee, yet the addition ofalcoKpl 'to the.' • ‘^phjg^ed at ahbult atid did nc^ 
fera^Yiqtipg liquor wU) not mcrcase the prpduci;' . .A given portion of it satiated 950. or 
of ect^njk Mid, and . jf jnpie . than nhpu^ :?V of soda, and its propprden pf acid^ 

Tot. m. r"!-.. A 
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was reckoned at 87.125 per cent. A mixture 
of tlie same acid and water in a certain prdjpor- 
tion was madct which . had exactly the same 
speciiic gravity) but its saturating power was 
only equal to J 18 of carbonat of soda^ or 58.725 
real acid. A furtlier addition of w^ter to this 
lasjt acid diminh/ted the density as well as the 
saturating power^ and this continued uniformly 
in every subsequent proportion of water a^ded. 
On the other hand the first addition of water 
to the concentrated acid of 1.063 sp. gr. 
creased tlie specific gravity, though the pro- 

J ortioii of real acid was of course diminisned. 

[cnce there must be a point of the maxiiriym 
of specific gravity in which the gravi^;^ wo^ld 
be lessened both by encrcasing and diminishing 
the real strength of the acid as measured by its 
saturating power. This maximum of density 
M. Moilerat estimates at 1.0791 sp. gr. and 
6 ^<n 256 per cent, of real acid. 

The observations of M.Dcrosne, M. Bertliollet 
and Mr. Chenevix, which wc shall presently 
mention, confirm this fact of a maximum den-^ 
sity existing in this acid in a certain state of 
dilution. These obseri^tions however only ap- 
ply to the acetic acid or radical vinegar ob- 
tained from some of the neutral acetates. The 
common distilled vinegar contains a quantity 
of carbonaceous matter which can only be sepa- 
rated by combining it with a basis and redis- 
tilling it. 

Mr. Chenevix® has given a valuable experi- 
mental essay on acetic acid and some oi the 
acetates. A quantity of acetite of copper was 
distilled per se^ and the product separated as it 
came over into different portions. The first 
portion had the specific gravity of 1.0659^ and 
the proportion of real acid estimated from its 
saturating power was 62.971. The second was 
1.058 sp. and 67.461 acid : the third, 1.0454 
sp. gr. and 74.411 acidj the fourth^ 1.040 sp* 
gr. and 73.295 acid. 

Though these numbers do not exactly cor- 
respond with those of M. Moilerat, they shew 
that the specific gravi|y of acetic acid is no in- 
dication of its strenph in real acid, and the 
reason of this is ^supposed to be the admixture 
of a portion of sil inflammable spirit in various 
proportions •fofianed during the distillation of 
the acetites, which has been examined by va- 
rious chemists^ and which the author terms 
jPyro-aceiie l^pirit/ and M. Derosne, Pj/ro^ 
Metic 

^he prddu^s of the distillation of the metal- 

earthy acetates difier remark- 

Cbtm. 


ably in the prbj^ttfens of the 'acid,j pyro-acet!% 
spirit^' and products, though the ace- 

tates them srives die jtfll prepared with the same 
acetic addr; Hence It becom^^^ an interesting 
^nquiiy to eiai^ine^^^^ is the action of these 
bases on the lu^id'duri distillation, which can 
explain this great difference in the products. 
The analysis is complicated and attended with 
many diiuculties, but die experifSrents of Mr., 
Chem^X on this subject deserve notice. The 
metallic acetates examined u^ere those of silver, 
copper, nickel, lead, iron and manganese. A 
given quantity of each was distilled from a 
luted eartbem or glass retort according to the 
heat rcqdlit^d, to which was attached a tubu- 
lated matrass to collect the liquid products, a 
Woiilfe bottle holding a solution of pure ba- 
rytes, and a pneut^:atic trough. ^ The neat was 
kept up as low as possible to effect the decom- 
position. The results consisted therefore of 
three substances which required a subsequent 
examination, namely, the metal or metallic ox yd 
left in the retort, the liquid, and the gasseous 
products. The metallic residue was reguHne 
in some cases and oxidated in others, and mixed 
with a small portion of charcoal w'hich was 
separated by dissolving the metal. 

The liquid product was examined in relation 
to its specific gravity, its acidity, and the qiiaii- 
tity bf pyro-acetic spirit. The force of acidity 
was measured by the quantity of a solution of 
pure potash saturated by a given portion of the 
acid. It was more difficult to separate the pyro- 
acetic spirit. When alcohol is mixed with any 
watery liquid, the usual mode of detecting it is 
by the addition of carbonate of potash, but 
where the liquid also contains an acid which 
by union with potash forms a salt soluble in 
alcohol, this mode of separating the spirit wilt 
not answer. It was therefore necessary in the 

f irescnt instance to redistill from potash the 
iquid products of some of the acetates, and 
thus deprive them of their acid, before the spi- 
rituous portion could be obtained. We shall 
add the results of these experiments as far as 
concerns the liquid product in the three cir- 
cumstances of specific gravity, acidity and spirit* 
Sp.Gr Acidity Spirit 

Acetite of Silver . 1.0656 107.309 0. 

Acetiie bf Nickel . 1 ,0398 44.731 2. 

Acetite of Copper • 1.0556 84.868 0.7 

Acetite of Lead • .9407 3.045 0355 

Acetite of Iron . 1.01 1 27.236 0.24 

Acetite of Zinc • .8452 2.258 0.695 

Acetite of Manganese .8264 1.285 0.94 

69 / 
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Of 'theSit acctitee pf the acid jis undoubted, and thUjippear^ 

four first wbre left after, th^^prdcess in t|^ the presence of any spir|it«r 

guline state, the;4Mt>n d^di^ tfte matter, hpt rather to depend on the* 

asjnc the ixiTOgapei^lSie .y^eg^'pf coneentratibii of tlie. acid itself, 

brown. pxyd. The .priormpns ih by some chemistir' 

strength of acidity which these prodi^iftst acid and ammonia are amoii^ the 

must immediately strike the reader. Tlife author moducta ^ the distillauon of the acetates. This 
inclines to the ppinion that in prppos to the nqw(^er is denied both by Mr. Chenevix and by 
greater difiijj^lty of the reduction of the.rtt^rai- TremsdorfF. The latter chemist^ distilled ace- 
lie base is the €}Uantity of spirit yielded and of the of soda, acetite of lead and acetite of pot-* 
acid destroyed, llius the acetite' of silver whieh ash, separating the volatile portion from d'® 
is reduced with the greatest easeV gives an acid residue. ITie former was passed through an 
of much greater strength than the others, but ignited tube, and carbonic acid, carburetted hy- 
iio ascertainable quantity of spirit. On the drogen and empyreumatic oil were produced, 
other hand the acetite of lead, wnich is reduced but no prussic acid nor ammonia appeared 
with more diiliculty, and the acetite of zinc either in this or in the fixed residue. 

M'liich is not reduced at alU give a very weak The latest analysis of acetic acid that we pos- 
acld but more spirit. It be acknowledged sess, is one of a very interesting series on various 
however that tlie productionStf spirit bears no animal and vegetable substances, performed by 
proportion to the destruction of acid, so that Messrs. Gay-Lussac, arid Thenard.** The mode 
no argument can be hence derived of the con- ofanalyzing is original,being by combustion with 
version of the latter into the former. oxymuriat of potash, as will be further described 

When the acetites of potash and of soda are under the article Analysis. The acetic acid 
distilled per at, they yield a more spirituous and was procured from acetite of potash by sulphuric 
less acid product than any of the metallic ace- acid, without any artificial heat, and the acid 
rites. The product from dry acetite of barytes obtained was quite free from any admixture of 
had the speflfic gravity of only .8458, ^id not the sulphuric. It was first boiled with carbqnat 
redden vegetable colours, but contained so con- of barytes, and the resultirig acetite of barj^S 
centrated a spirit that it was necessary to add dried in the heat of boiling water. ^ Thirty 
water to enable carbonat of potash to produce grammes of this salt were dissolved in water 
any separation of spirit, and then the quantity and decomposed totally by sulphat of animonia, 
of spirit separated was more in bulk than the and the sulphat of barytes, when ignited, 
entire original product of the distillation. Hence weighed 25.4.45 grammes, of which the barytes, 
♦the spirit was in a more condensed state, before, according to the received proportions,- form* 
than after the separation. Mr. Chenevix has C7 per cent, and hence the composition of the 
found the acid product distilled from acetited acetited barytes dried at a boiling water heat, 
silver to contain the purest and strongest acetic Is 43. 17 per cent, of acetous acid, and 56.8$ 
;>cid and the least mixed with spirit. Its specific barytes. 

gravity was 1.0656 when undiluted, and its This acetite was then ignited with oxymuriat 
saturating power estimated at 107.309. When of potash, and the acetic acid when reduced to 
gradually lowered by water, the specific gravity its ultimate ejetnents, carbon, oxygen, and hy- 
at first encreased to 1.0733, but after this point driven, gave the following proportions: 
j^ain diminished by* every subsequent dilution. Carbon 50.224, oxygen 44.147, hy^rogott 
This anomaly in the change of specific gravity 5.629. 

cannot be accbjmfcd for here by the presence Or, supposing all the hydrogen to be united 
of pyro-acecic spirit, since none was detected, to its saturating proportion of oxygen to consti- 
and the author merefore ingeniously attributes tute water, the result will ft, 
it to the strong tendency of crystallization at a Carbon 50.224, water 46.911, oxygen tii 
moderate temperature, which this verv concen- excess 2.865. 

trated acid possesses, and which proDi^bly acts Four other vegetable acids were analyzed by 
as it does with water to produce an expansion these chemists m the same manner, namely, 
6f the liquid as it cools down to its point of the oxalic, the mucous, the tartaric, and ,the 
congelation. The fact of the ready crystalli- dtric, and the general results are as folio# : 

^ RecUercliee Phyuco-Chuniquei, See. tom. 2. 
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I Oxygen In e»ch. Carbon. K 

^ • lOraiic 50.56 — 33.57, — 22'^^ * J4% "fii heat kept vb for three 

Mucous 36..i5 — S3 69 — 30-16 ^ ^ days, into four 

Tartaric 20:7l S4.05 ^ — 55.91^' " ^ sucoSssIVe'^^ was kept 

Citric 13.44 — 33.81 — 6l2 73 " . - i^paiat^* Tjro fttWmhion weighing 5 lbs. lOpz. 

Acetic 2.87 50,22 — 4l46.9i waswesUy acid to the last, and of a slight blue 

These analyses, if correct, give a totally ditfer^ ' ^ TTHe 8e‘%nd was stronger and deeper coloured,, 

ent idea of the constitution of the aCetic acid, and weighed 6 lbs- 4oz. 

compared with the other vegetable acids, from The tnird, was still stroiige^and more blue, 
that usually entertained- It has been maincained had a . much more pungent smell, but rather 
by Westrumb, Hermbstaedt, Crell, and others, empyreu^matic. It weighed 7 lbs. 4 oz. 
that the pure acid of vinegar was the ultimate Tne fourth was slightly yellow, had a weak 
term of oxygenation of all the vegetable acids, but vcry ^ empyreumatic smell, and required a 
so that any other of these could be converted very strong, heat to be expelled- It weighed 
into the acetic by an oxygenating process- 8|- oz. 

Thus Hermbstaedt converted the dry acid of The united weigl^of these four liquids was 
tartar entirely into the acetous, by distillation 20 lbs. 5 oz. and. <ne cupreous residue in the 
with manganese and sulphuric acid. ( See article retort weighed IS lb. 14 oz. so that there was 
Acetous Acid^ C/u J)ici. voL 1, p. 4.J But a de6ciency of 7 lb. 5oz. to make iip theorigU 
on the other hand the above experiments of ginal weight of the verdigris employed. 

Messrs- Gay-Lussac and Thenard shew that A large quantity of gas was produced in the 
the acetic acid is by far the oxygenated of operation, tne whole of which was made to 
the five vegetable acids here mentioned, but pass through a separate bottle of distilled water 
contains a much larger, proportion of carbon, oefore it escaped, to w'hicli it gave some acidity 
and hence one may expect the acetic acid to be and a very disagreeable burnt flavour, 
among the earliest products of any acidifying The four distilled products were again reett- 
process going on in vegetable matter- This, fied and divided into successive portions, and by 
they maintain, is supported by actual observa- comparing the specific gravity of each with the 
tioti, for the acetic acid is that into which all power of saturating alkali, it was found that 
vegetable and even animal matter is the soonest the second and third products, or those which 
changed, whether by distillation or the putrid were obtained at the middle of the first opera- 
fermentation, or by the action of the nitric and tion, were much the strongest in acid with the^ 
eulpburic acids. How, say they, should these least specific gravity. This intermediate pro- 
changes take place (especially that of wine into duct being rectified at a gentle heat, gave a 
vinegar) and no intermediate acid be found, if quantity of inflammable gas, and a light inflam- 
the acetic acid was the most oxygenated- mablc liquor,, but still acid. To separate the 

acid, solid caustic alkali was added to it in 
Pj/XO^Acetic Spirit. Puro^ Acetic TltheT. small portions, keeping the vessel in cold water 
This substance having already been partially till the acid was saturated, when part of tlie 
described in our account of Mr. Chenevix’s acetlted potash crystallized spontaneously, and 
experiments, and also having been previously a light yellowish liquor rose on the surface^ 
examined by Derqsne^* we shall here add some which was carefully decanted and again recti- 
further notice of it- It is contained, as already fied by distillation at a very gentle heat. The 
mentioned, in the product of the distillation product of this last operatiiil is the Pyro^ 
per se, of most oflothe acetites, and it is pro- Acetic Ether. 

Dably in many cates owing to the admixture of It is quite clear and colourless, its smelt 
this spirit that t|ie specific gravity of the distil- pungent, its taste hot and empyreumatic. It 
led liquid is afftAuch lessened as to counteract is lighter than alcohol, very volatile, and pro- 
the increased Sdensity which would naturally duces cdM by evaporatiph. It i$ highly com- 
arisc from a great intensity of acid- M. Derosne bustible, burning with a flame at first blue, 
obtained it in the following experiments, which afterwards yellowish white. After its combus- 
were also undertaken as a general examination tion it leaves d carbonaceous stain, and if pre- 
06^ the products in the usual way of preparing viously mixed with a little water and burned. 
An earthen retort was filled with the water remains slightly acid. It does not 

• ChiA- tofo; C3- 
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redden Ihm^; When a^ded td a solution when a heat much greater than Is required to 
gold in nitlomurtatjc acid ydth a little drjf rolatUize alcohol haa been kept up for a conK. 
muriat of lim^. the OPyroiP'acetk ether rises to siderable time., I'hUl&yro-acetic Spirit or ether 
the surface witW avj^e 'g^den colbur. In all therefore, is obvipusW a product of the decom* 
these respects this substance resembles the other position of some of the component parts of the 
ethers, but it differs from thorn in being mis* acetous acid itself, and not an adventitious ad- 
cible with water in anv proportion* mixture of alcph<d derived from the previous 

Mr. Chenevix, in the memoir already, men^ fermentation, 
tioned, has examined this Pjfro-Acciic Eihfit For some further remarks concerning the true 
or Spirit with>^^uch care, and compared its. acetic .ether, see the article Alcohol in this 
properties with thoseof the true AceticEther. To Appendix, 
obtain the Pyro-acetic Spirit, acetite of lead was Acetate of Atumine^ 

distilled perse, in an earthen retort, and the Gay-Lussac has some valuable observations 
products again rectified, and the spirit separated, on this salt, which are particularly useful to tlie 
Its properties are the following : It is perfectly dyer and calico-printer, who employ a vast 
clear and without colour ; ks taste burning and quantity; of it. When a solution of acetitecl 
somewhat urinous ; its sjnell somewhat re- alumine is heated, it becomes turbid and depor 
sembiing that of peppermiti^mixed with bitter sits a great deal of alumine; but (what is very 
almond. The specific gravity was* at first remarkable} all the alumine is gradually redis- 
.7929; but*after rectification over muriat of solved on cooling and agitation. A second 
lime, .786*4. It burns with a white flame, heating will again cause the alumine to preci- 
leaving no residue. It boils at 1^0° Fahr. pitate, and the liquor will again become dear 
It mixes with water,* alcohol, and the volatile when cold ; and this may be repeated an iiuic- 
oils, in every proportion ; also in son:e propor- finite number of times. In a neutral solution 
tions with the fixed oils when cold, and in every of acetited alumine (such as is made by the 
proportion when heated. It dissolves a little calico-printers, by mixing alum and acetited 
sulphur, more of phosphorus, and a large lead) the author found that the quantity of alu- 
quantity of camphor. White wax and fat dis- mine separated by mere heat was nearly half 
solve in it when hot, but a portion separates the whole contents. After the alumine is 
on cooling or on adding water. It dissolves a deposited from the heated solution, the liquor ' 
little caoutchouc which is separable again by remains with an excess of acid, and hence the 
water, and it renders a solution of gliin arabic necessity of using chalk to saturate this ex9ess, 
extremely turbid. which however is often an injurious addition on 

A further examination of this spirit by distil- other accounts. Alum will prevent this'sepa- 
lation with potash and with the mineral acids, ration of alumine by heat, 
shews some decided points of difference be- ACETIC £L'rH£R.. and SPIRIT. See tlic 
tween tlic Pyro-Acetic Spirit and the Acetic preceding artirle.and Alcohol. 

Ether prepared by acetic acid and alcohol, but a ACIDS V£GE FAULE. See Analysis* 
fuller analysis is yet wanting. AC ITNO FE. See Amphiboly. , 

Some chemists have attributed the production AEROLITE or Meteoric Stone, 
of an inflammable spirit during the distillation That stony masses, sometimes solitary^ipome- 
of the acetites to that portion of alcohol which times in showers, have fallen on the surface of 
all vinegar contains, and is derived from the the earth from the upper regions of the atmos* 
vinous fermentation which always precedes the phere, is a fact, which, though distinctly and 
acetous. It is certain that when a large quan- particularly testified both by ancient historians 
tity of vinegar is distilled, the first portions and more modern observers, had gained but 
contain a little alcohol intimately mixed with little credit among philosophers previously 
the acid. But this alcohol comes over at the the last twenty years. On some particul# 
first impression of heat, and certainly cannot occasions indeed the evidence adduced was so 
be supposed to enter into the composition • of cif^umstantial and .apparently unprejudiced that 
those solid acetites (Verdigris for example) that nothing but the supposed impos^^ibility of the 
require long ebullition of the acid and metallic fact prevented its reception. In the itii^an 
oxyd, and subsequent evaporation to crystallize; time new facts bearing a perfect analogy with 
Tet it is from these solid acetites that the the pre^^ding ones continued to accumulate, 
Pyro-acetic Spirit is prepared, and it rises only and with, such overpowering evidence that all 
towards the middle and enil <>£ the distiBation^. a pripri argunicins gave way before them, and 
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the e^jcistonce of atmospheric or meteorie mine- 
rills is fully ailmittod. 

In the nrlide mitive Iron, among the ores 
of that ihetal, the reader may find a tew details 
relative to this subject ; and a reference to 
another article Stones meteoric which by 
some uiinccountable oversight is wholly omittea. 
This omission it is the purpose of the present 
article to supply. 

Without adverting to the testimony of Livy, 
of Pliny, and of other ancient authors, I shall 
confine myself to a brief enumeration of those 
aerolites which have either fallen within tlie 
last tw'enty or thirty years, or of which, though 
the date of their fall is considerably more 
ancient, specimens are still extant, many of 
which have of late been submitted to chemical 
analysis. 

Those luminous bodies called meteors or 
fire-balls, which make their appearance at irre- 
gular intervals, traversing with an excessively 
rapid motion the upper regions of the atmos- 
phere, and ultimately falling on the surface of 
the earth, appear to dc one source of meteoric 
stones. They evidently consist of a central 
nucleus in such a state of softness or fluidity as 
to admit of considerable variations in its shape 
sometimes a disruption of the nucleus takes 
place, accompanied by an explosion, and the 
two or three pieces into which the mass is thus 
divided proceed in the direction of their pre- 
vious course without any apparent abatement 
of velocity. More « usually however the ex- 
plosion is so violent as to break and disperse 
the meteor, and the fragments immediately 
fall to the ground. Of these meteors some of 
the most remarkable and the best observed in 
modern times are the following. On the 21st 
of May, J 070, a meteor was observed by Mon- 
laxiavi, professor of mathematics at Bologna, 
and others, passing with great velocity 
across the north of Italy in a direction nc<trly 
from £. to W. When it had arrived over the 
sea to the S.W. of Leghorn it burst with a 
violent explosion, and its fragments, as they fell 
into the sea, produced a hissing noise like that 
occasioned by plunging red hot iron into water. 
^ On the 11th November, 176 J, a meteor 
was observed in several of the provinces of 
France. It burst with a louil explosion into a 
groat number of fragments in the neighbourhood 
of .Oijon,. one of which felt upon a house and 
set fire to it. 

: On the 17th July, 1771, a meteor, traversing 
from N. toS. was observed in England and in 
France, It burst with a loud explosion S. W. 


of Paris, causteg 1 commotion It^ snt 

earthquake. Its elevation above tie surface of 
the earth, when* first perc^ve4»f was more than 
80,000 yards, but at the jperid^ of its explosion 
k had descended to about half its former 
elevation. ' . 

On the 18th August, 1783, a large meteor, 
traversing in the same direction as the preceding, 
was observM in various parts of England, of 
France, and of Italy as far as Rome. When it 
first was noticed, its apparent magnitude wae 
about equal to that of the planet Jupiter, but it 
rapidly increased, and at the instant of its ex- 
plosion was of greater apparent magnitude than 
the fuirmoon. Its form varied from round to 
oblong, and an internal movement like that of 
ebullition was cHstinrtly visible : it divided into 
several smaller mgi^es, which continued in their 
onward course * before the final explosion bf 
which it was dissipated. The rate of its motion, 
according to the lowest estimate, was about 1 
mile in a second. 

The diameter of the nucleus of those meteo- 
ric bodies is variously estimated at from 100 to 
1000 yards ; and it is obvious that a body of 
much inferior size, moving with an equal or 
nearly equal velocity, would fail to attract 
notice, especially in tne day time, except at the 
period of its actual explosion. The greater 
number of instances of the fall of meteoric 
stones are under circumstances which render 
it probable that they too are occasioned by the 
exploiling of meteors, which their inferior mag- 
nitude alone prevents from being visible. A 
loud noise, like that of thunder or the firing of 
heavy artillery, or the overturning of a load of 
stones, sometimes with, often without any visi- 
ble flash, is the first circumstance which attracts 
notice and excites alarm, then a hissing like 
the noise occasioned by the passage of a shot 
through the air is heard ; a momentary glance 
of the falling bodies is caught, and they are 
perceived entering the surface of the soil, the 
gra^s and mould being at the same time thrown 
up on all sides, and a sulphurous odour dif- 
fusing itself to some 'distance around. On 
immediate search being made, by digging in 
the direction of these holes, there is founds 
at the depth of a foot or two, a black roundish 
stone, sometimes^ large sometimes small,, often 
too hot to be held in the hand, and smelling 
strongly of sulphur. Such are the general 
phenomena ; the most remarkable examples are 
as follow : . . 

1., In the year 1492, according to Sebastian 
Br^iPidt, there fell frotn the sky at Enstsheim. in 
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Upper Alss^ej a large %tMm -= &.On the 1 7th December, 1795, a^^^0riiiir 

which front thia^c extraoidiiwgi? cfrcumet^ weighing 56 lbs, wa« seen by several petsi^^ 
yfus kept attacheeb-ta a vclbat^^ to fall near Wold Cottage, in Yorkshire: at it 

of that place^ v*!rhe^jy:etgte^ fell a nuinber of explosions were heard. Jt 

about ^ cwts. extex^ially it Wjtt. -tough, dull, penetrated through twelve inches of soil and 
and of a dark colour. On being broken, it six inches of solid chalk-rock, and in burying 
presented a close grained texture and a blackish- itself had thrown a large quaritiiy of earth to 
grey colour, and contained interspersed con- a great distance; when tlie alone was dug out 
fuscdly crystallised grains of yellow pyrites, it uas warm, smoaked, and smelt strongly of 
and of grey a0js|ry non-sulphurous iron, ore sulphur. The stone itself was exhibited in 
attractable by the magnet, and therefore ap- London, and a piece of it was procured by Sir 
proaching to the metallic state* Tlie specinc Joseph Banks. 

gravity of the stone w'as 3.S: it did not give 7. Un the I9th December, 1798, about- 
sparks with steel, and was pulverized without eight o’clock in the evening, the sky being 
diiliculty. It was. analyzed by professor Bar- perfectly without clouds, a luminous meteor 
tliold in the year 1797, but this analysis being was observed by the inhabitants of Benares in 
performed on the entire store, and not separately India, and of the parts adjao'nt, accompanied 
on the three substances d'^^which it visibly by a loud noise rescmbUng irregular platoon 
consists, we can only gather from' the result, firing. At a village about 14 miles from the 

that it consists of tilex, aluinine, magnesia, city the natives were alarmed not only by the 

iron, sulphur and a little lime. The conclusion light and the thundering noise, but with the 
of the professor is, that the stone of Ensisheim sound as of heavy bodies falling through the 

is a common argilloJiferrnginous mineral, and air, and the roof of one cottage was actually 

that its traditionary origin is a mere super- broken through by a stone weighing above 
stitious fiction, two lbs. which buried itself to the depth of 

2. On the 3d July, 1753, a shower of stones, several inches in the consolidated earth of which 

each weighing from one to twenty lbs. and the floor was formed. The next morning the 
upwards, was said to have fallen during a thun- inhabitants perceived the ground to be pierced 
der-storm at Plann near Tabor in Bohemia, and turned up in various places, and in these 
One of these was deposited by Baron Born in on digging to the depth of some inches they 
his cabinet and described in his Lithophylacium found stones perfectly similar in external ap- 
pt. I. though he considered the account of pearance to that which hul forced its way 

their origin to be an idle story ; and the cabinet through the roof of the hiit. They were of 

of Baron Born coming into the possession of various sizes, from about three inches to up- 
Mr. Greville, the specimen in question was wards of four, in their largest diaineter* Some 
found to form a part of it. of these, with a detailed account of the circum- 

3. On the 20th of August, 1789, a stone stances above related, were transmitted to Eng- 
15 inches in diameter fell near Roquefort in land in the following year. 

the Landes, during the explosion of a meteor. Thus there happened to be at the same time 
It broke through the roof of a cottage and in England specimens from four different parts> 
killed a herdsman and some cattle. viz. from Bohemia, from Sienna, from Benares» 

4. In the following year a shower of stones and from Yorkshire, of stones said to have 

fell in Armagnac. fallen from the sky. The date of three at least 

5. On the 12th July, 1794, about a dozen of these analogous events, was so recent and 

stones of various weights and dimensions fell the circumstantial and direct testimony in their 
in the neighbourhood of Sienna, in the midst favour was so powerful, that the narrations, 
of a most violent thundery-storm, at the feet however extraordinary and however they might 
of several persons, men, women, and children, separately have been discredited, could not fail 
They fell about eighteen hours after the enor- of exciting a degree of attention proportioned 
mous eruption of Mount Vesuvius, but at a to their importance. One of the consequences 
distance of at least 250 miles from* that vol- of this was a chemical examination of these 
cano. One of the largest of these stones four specimens by Ed. Howard, Esq. F.SkS*** 
weighed upwards of five lbs. and a piece of and an accurate description of their external 
this was brought by Sir Wm. Hamilton to characters and physical properties by Count. 
England. Bournoii» 

PktI. Traxw. 1802. 
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'stones' from are coveretl a 

thist of a ileep' f>)ack colmir, without iny 
histre, aiKl »pritikfcd oVfEsr with small asperities 
ivliich cause ic td feel likeffish-skin. Internally 
they arc of a greyish ash colour, and of a gra* 
nutated texture^ like that of a coarse gtit-stonc. 
They are evidently composed of four difierent 
substances. One of these (and that which 
forms th^ greatest part of the entire mass) is 
iil'the form' of distinct concretions, more or less 
globular^ varying in magnitude from the size 
of a small pin’s head to a pea : their colqur 
is grey» inclining more or less to brown^ and 
they are perfectly opake. They are easily fran* 
gible in ail directions, and display a compact 
conchoidal fracture with a slight degree of lustre 
resembling enamet, the hardness is about equal 
t6 ;^at of glass, and they give a few feeble 
spdtks with steel. Another of the substances 
is reddish yellow' iron pyrites, which when pul- 
verized becomes black ^ it is not attractable by 
the magnet, and is irregularly dispersed through 
the substance of the stone. The third sub- 
stance is iron in minute particles, and perfectly 
malleable : its proportion to the whole, as esti- 
mafed from pulverizing the stone and separating 
iron by means of a ma^ict, is about 3 per 
cent. These three substances are held togetner 
by a fourth, which is soft, of an earthy consisC- 
tence, and a grey colour. The black crust by 
whicli the surface of the stone is coated,* al- 
though of inconsiderable thickness, affords 
bright sparks when struck with steel, and ap- 
pears to consist principally of magnetic tlack 
oKide of iron. The specific gravity of the entire 
stone is 3.35. 

The stone from Yorkshire presents similar 
constituent parts with that from India, with the 
following exceptions. The distinct concretions 
are smaller, and of a more irregular figure. 
*l'he proportion of iron pyrites is less ; that of 
the metallic iron is considerably greater, amount- 
ing to 8 or 9 per cent, and the iron itself instead 
of being in minute distinct grains w’^as in ir- 
regularly shaped pieces, some of ^hich weighed 
several grains. The earthy part of the stone 
has rather more consistence than that of the 
former specimen, ami greatly resembles in ap- 
pearance decomposed felspar or kaolin. The 
specific gravity of the stone is 3.5. 

The stone frotn Sienna was black externally, 
and' Eternally was coarsely granular like the 
specimen from Benares. Its specific gravity 
was S*41; In it ‘might be perceived the same 
globular con fcHy^ ns, the same kind ^of iron 
^yrites^ and tflP%ame grains of metallic iron. 


last somewhat exceeded 
affordedv^^ specipten fr(im Benares. 
The sanae kind<3C^^grey eairthy ^8^ served 
to connect^e dt&rent parts together. But, 
beside the /^gredienta abdve mentioned, there 
w’-ere ar< few globules of black magnetic oxide of 
iron, and a single globule of a pale greenish^ 
yellow colour-; this latter W'as completely tratis«> 
parent, had a perfectly vitreous lustre and frac- 
ture, and in hardness was ratbidir inferior to cal- 
careous spar. 

The stone from Bcdiemia greatly resembles 
that from Yorkshire;. In it may be observed 
the same grey substance both in globular and 
irregular concretions, also the same particles of 
metallic iron, and the same kind of earthy sub- 
stance connecting t^ether the other parts. It 
dxfFers however frpni the others in the particles 
of pyrites bein^so small as not to be visible 
without the help of a lens ; and in the propor- 
tion of metallic iron amounting to about 33 per 
cent, of the entire mass. Its specific gravity 
was 4.28. > 

The ingredients being the most distinct in 
the specimen from Benares, was the induce- 
ment to Mr. Howard to commence his chemi- 
cal examination with this. Some pieces of py- 
rites to the amount of 16 grains being carefully 
picked out from among the other substances 
were digested at a low heat with diluted mu- 
riatic acid. A small quantity of sulphureted 
hydrogen was disengaged, and after a time all 
that remained undissolved was earthy matter 
to the amount of two grains (thus reducing the 
real quantity of pyrites operated on to 14 grs.) 
and about 2 grains of sulphur. The solution 
was saturated with ammonia, upon which a 
precipitation of oxide of iron took place, and 
the supernatant fluid acquired a violet purple 
colour ; this latter, h.iving previously been 
found to contain not copper but nickel, W'as 
decomposed by sulphuretted hydrogen. The 
oxide of iron after ignition weighed 13 grains, 
and the sulphurct of nickel being reduced to an 
oxide by calcination weighed something more 
than one grain. From these data Mr. Howard 
considers the pyrites as composed of 10^ iron 
J nickel and 2 sulphur, estimating the per-oxide 
of iron to contain 55 per cent, of nietal. On 
examination however it apj^exirs that certain' 
diificultics or mistakes aidhere to these results,,^ 
which make the analysts by no means so correct > 
as it appears to be. . First, Mr. H. frofh hie^ 
own experiments states tbftt 100. p^ts ctf'lron 
afibrd 145 grains of oxide by solution 
riatig ^acid precipitation by ammonia, and sub- 
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•equent/ig^Qn^ Ueim 
pet Gef)t« bflpnetsdii hit by tl^^^eotkurreiKcil 
Proust, Davy, TbDiqsoin^. fienh£dihis and «U dNia 
host authoxitias, the ^r<i03Bide of Iroa contttbit 
about 5S per cent, of metal, and^ ifae protoaide 
73 per cent; ; hencd it ii; widtont^^ ibat ‘MtI 
Ploward’s oxide was a mixture; -of khe two, and 
wais not sufficiently c'aiciiiipd. Sdcondif, allbWi^ 
ing with Mr. H. mat the real auantity of iron 
was 10.5 grainSfV this; wbenicomtnned with suW 
phur in the only two- proportioiia in which it 
IS capable of combining, would produce £63 
grains of magnetic. pyrites^ or 81.5 of the com^ 
mon kind. Again, there is the dbtinct testU 
niony of Count Bournon that the pyrites was 
not / magnetic, and the eauatly distinct testi-* 
motiy of Mr* H. that it decon^posable by 
muriatic ^cid, and that a liitie sulphuretted hy- 
drogen was at the same tithe ^Voived; But of 
the two known kinds of pyrites the magnetie 
alone' is decomposable by. muriatic acid with 
evolution of sulphuretted nydrogen. We rhust 
therefore either suppose some error in the asia- 
iysis, or that the pyrites in question difiers es- 
sentially from the only two that chemistry ai 

J et acknowledges.^ In either case all that^an 
e concluded from the analysis is the presence 
of much irqn^ of a little sulphur, and of less 
nickel. 

After examiniiig»<the pyrites Mr. H. under- 
took the analysis of the metallic iron of the 
aerolite, which being treated iii^the way already 
described in the article InoH, appeared to be an 
alloy of about 17 parts iron and 6 nickel.' 

The globular concretions were then analysed 
by fusion with potash in the usual way and 
afibrded v 50 silex 

15 magnesia 
34 oxide of iron 
8.5 .oxide of nidtel ^ 

ioTs 

. Lastly,' the earthy matter, which seir^vit:* 
cement for the three other ingredients, Was* 
examined in the aame manner as the globulalr 
concrecioni were, and yielded 
48 silex 
18 magnesia 

* • * 34 oxi^ of Iroii^ 

8| oxide of nickel 

108.5 


: tHke exbest fo both no dbAil 

to be attributed to fht ot iiX 

of the iron as existing In llie^tUbata^ce and as 
obtained by analysitif' v/ 

The component paits of 'j&e stones from 
Sienna, from Td^ktkhe^^'thd from Bohemia, 
being in too smalt gmiM to allow of their se- 
paration with sufRcient exactness, a small por- 
tion of each specimen was pokerized'eind ex* 
amtned in the'* usual way. They all afibrded 
tilex^ magneiua, tbe^OXufes 6f iron and of nickef, 
and nothing else'} dius exhibiting a perfect 
ai^logy with each other and with the aansit^. 
from Bemsres* 

It deserves to ^ rettiatked how 8trikinj^4 
resemblance as to their component parts exurta 
between the earthy parts of these aerolites, euml. 
the gmnulat peridot or oUvitte which is ateotb 
peculiar to basalt ; this substande being im- 
posed according to Klaprbth 6f 

50 silex 
38 magnesia 
18 oxide-ofiron 

It is farther wohhy of notice that the exter- 
nal characters of tl^e smxll transparent gtobul^ 
found in the stone* from Sienna for the mq4t, 
part agree with those of the transparent globiil^ ' 
th^t occur in, the cells of the supposed meteotK^ 
iron fVbm ^beria; and that the^e are also 
strikingly similar tolhose of olivine. 

It remains tb take some notice of a fewochef^ 
aerolites of still more recent origin, add ndiich 
have exhibited certain peculiarities ih' their 
analysis. 

jS. On * the.lSth of March, 1798, the air 
being calnr and without Clo\ij[ls, the inhabitanta 
bfValence, in the Lyonnais, and its neighbour^ 
hoOd, were alarmed widi the appearance of 8 
meteor, accompanied by a singular noise, anid 
exhibiting partial explosions. It was seen 
fill! in a vineyard, and On the day after, when 
rhe terror of the peasants had in a degree sub- 
sided, an officer of the police being present, 
Ceavch was made in the Vinejani, a recent ir- 
regular hole of the depth of about 80 inches 
pmsented itself, at the bottom of which waar 
f^ml a black ston.e weighing above 80 lbs. On 
beiUg broken it appeared to be composed of a 
granular ash^ey earthy matter, in which ^jle 
unbedded grams of metallic iroiu and oT Me 
fedcBsh yellow pvritea, with globular 
rions of a grey colour^ and immexIhaH 
siUMief^f a substance tesemUing olive cofour^ 


idUim>dx"piiys. tsbi4 
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. A portion of ' t]ie 'entire stone iMlng 
i^l^d jty Venqueltn^'^a^ r 

. 15. magnesia 
-lime-' 

, S8. oxide of iron > 
a. oxide of dickel ^ 

103 .' 

■ . .*■. 

9. On ^ttie iSfidi jof ApriV 160% about one 
o’clock in Oie afternoon, die air being calm a^ 
only.a'few floating in the sky, a brilliahf 
meteor was observed moving - raf^ly &o^ S«. 
tO'N. in the vicinity of the toivn ,of I’Aigle, 
in Nomandy. , In a ,few seconds afterwards 
there vras, beard ati’Aigle, and all around to 
. the disls.oco of eyen 90 .miles radius, a violent 
cxjl^on Mdiicb lasted live or six minutes : this 
was succeeded by ^ree or four bursts, like the 
dimharge of cannon, and by a number of 
smaller explosions like musket flring, the whole 
being terminated by a noi^e {ike the roll of a 
prodigious drum. These sounds evidently pro- 
ceediM from a small cloud' wlilcb appeared’'t6 
bg. nearly stationary during tire whole ititim, 
i^d tbe vapours or which, |t was composed 
.|^je;itIiro;wn out.nn^all sides d^t^.ei^.'exr.' 
p^ion.' Jibe inlubitants. of the:^staet Imme* 
lUately under the cloud .were als^ . alarmed by 
the hissing noise as of stones disd^tged from 
dings, and at the same time a multitude of 
massejt of solid matter were observed to fall to 
the ground. The area upon which these stones 
fell 18 aarbrregular ellipse about 7 miles. louK 
by 3 miljM wide.} the .latgest stpnes were found 
at, the Sl Eastero extreraity of tliis space, tbtf 
sn^^stones at the. opposite extremity, wh,ilp> 
the middle-sized Occii^ied the middle of; fhe; 
ares. TJ^ dze of the stones vari^ from l$ibsKf 
tej a quarter of an .ounpe: their, number coulA 
sot be ascertained, but they ceifamiy.amountefik 
to some tlwusanc^. V'lbey ww vbeSi 

t^ty fell as to burn those /who attempted to. 
t^e them up, thdr odour vvas snlphureous, ,or 
rather like mat arising from the dischiw’ge of 
gunpowder. In their external characters| 3 a|^, 
as far as can be judged from a' coarse ana^^ . 
of them by M.. 6age, they bear a dose, anaj^^, 
to those whidt Inive been already descfibe$»i, c 
ria.On die 15tb of March, ,1806*^ a 
en phm o*^ .4 xoli.lilm.thun^i’ was'hearif 
at /vvl^e^ D^t. !pa Garfl, and imraedia^lyr 

*hout 4 lbs. wae 

Its descent it pilpke a 
# J«uni. de Fhyte^ 


;jBg#|redV ai^ biiried ^tselC ji few' 
"(at tM wfkaae ;t&nie another 
storie pf r^e ^ lbs. was 

observed MAtbjs - district of St. 

£tienne)»^^bf^.aexolite diff^ in ap« 

pearancil^rfrpmi kll thju haye beea hitlierto 

obaervedo 'l^iisr^:black throughout its whole 
suKstanc^p and ts cohipdsM of slightly adhering 
friable lampUse^ ^hen rubbed on paper it leaves 
a >grey trace tiot linlika that of plumbago ; it 
acql|ires.a;kiiid of (bituminous polish by friction^ 
and W brui8idg:inv.a mortar it is reduced to 
thin flat plates v instead of powder. When 
heated it exhales a alightly bituminous odour. 
Its specific gravitv is Ld4.. Certain small gra« 
nular portions ox the stone were found to be 
attracted by the magnet.; "When calcined in 
contact witn air ij^colour soon changed from' 
black to redg udEnebt losing any weight ; but 
when Jgnited in a - small retort it remained 
black) >^ve. out a little’ carbonic acid, and lost 
about 17 per cent, of its weight, which pro^^ 
bably was water, which ^ts porous structure- 
enables it readily to absorb. By ebullition witlx . 
muriatic acid it affords a very small quantityr 
of sulphuretted hydrogen. It has been analysed: 
by VauqueHn with the following result: 1 

38. sitb^oiide of iron > ii 

30. silex 

14. niagne:^ ^ 

Si oxide of nickel ' . • . . • 

S. oxide of manganese > : 

S. oxide of chrome ^ 

2.5 carbonaceous matter 

^ »a5'"r' • - •/ 

. 0.5 sulphur) water) and l6s» • 

An analysis of the same substance has been 
published Thenard, who found in k the- 
sarnf.^ingrediein^s as thosG| already mentbned,^ 
but in somewhat different proportions.. Mr.. 
HoVvard^s analyses of the aerolites related abovC), 
We^.|ipt calculated to d^ect the presence eitHer 
of . jQiilnganese or of . chrome v as far therefore^ 
as certainly appears, the loose texture of i this 
stone and the preserve of a little carbonaceou» 
matter are the principal circumstances in which 
k^fliflers from Uie otlier ^eteoric stonee* If 
period of ks formaHonror explosion it 
had been subjected itQ ;a high, degree of heat,, 
thq^ iron and other metals would have beem 
depxygenated at the expence of. the carbon^ 
and tins would probably havja.aJfo induced a. 
greatof:.cpinpactne8s of ^structure) in which^case 






die coinp(^^^‘ 

dibsebiitliiS ptlpisr 

ot rather several,. fdt ,a|! vSi^^^ 

Of the circumstanew 9tjl:endiiKil$ISj^i^^ is 
no published account { tlte fi^lpwing jkre thb 
external characters of a specimen in the pos> 
session of the Cotitl^d^nin, antf ^i^cured liiji' 
him on the spot/ It^'i^ernal surface is blai€i$‘ 
and* shows evident si^l^llf *fUSlotiV ’ In^ipsttht 
it presents a pale ash-greyr'^rthy base in ^ht^; 
jire disseminat^'-some ctm^tiOns of a darker ' 
colotir, and more 'bonji^ct 'than the re of the 
mass } a^ few dispersed ^ains of pyrites are also 
vinble^ The-entiri#. stone isitender, friable^ and 




i^bUlar ceincretiohs w|iiclS:ia^ 

freely, bigger tKaU apid which %ii 

exaeij^ation with a h^e asrjl dfideiitiy' covered 
bVer'*with extremediji^^ute ci^StalHne points. 
Intexihixed irr^uhirly with &ese concretions 
ate par^cles of bronze piSdoured pyrites and of 
mptwllb matter. . On jjralverizing portions of- 
the ttone^ and -separating by the magnet .the 
metallic particles* their propordon td the rest 
of. t^ mass: Waa; found to ra^ frash iT to SH 
pier cent. 'Ilu s nneca llic matter . Was an 'alloy of 
itoftj and ^niekel^'fo the proportion of 97 M the: 
fottaer twabout 3, of the latter. The re^;^> 
die s'tone, including the pyrites, was then ais^ 
lysed and afibfded by the usual methods, 

12. subrsulphuret of iron* 

- 5. blaidt ioxide df (^Etor 

66 ., siiei^;-'^ . : ' ■ ' * ■ ■ 

20 . ma^esia. 


103. 

The excess of wei|^t.jfo this, as in the pre-^ 
ceding caSes is no doubt to be attributed^tp the 


its specific gravity is 3. 19. *It is not attracted by 
the magif|it,'but~'befdre the Mow»pipe it fuses 
with dimculty into a bladt^Iass, which' is then 
acted on by the magnet. & digestion in mur 
riatic acid it affords a very snialt ’ quantity of 
sulphuretted hydrogen. . It has been analysed 
by Klaproth, by M. Moser of Vienna, and. by 

Vauquelin. The particulars of Klaproth’s ana- 

lysis - we are unacquainted with, being only <Ht{dationof the.irOib' 
informed in general that the composition of this -- AFFINITY, • - . > - * • 

aerolite bearsas^ong resemblance to that of , M. BeithoIiet* one of the most profound atiiillt 

Irasalt. .Vauqueltn's analysis, which was per^^. eAiinettt f^losop^Crs of the age* Idtfi 

formed with much care, gives the following eUdiSTbuifed to dtew Uiat it is the- tendency oifi 
con.ttif’iiont- nart-a ehemical affinity. to combine-bo^fd w all pro-; 

portions, so that' udiere any limits to this in- .' 
flefinite combination appear* they arise fooni'. 
tl^e operation of circumstances distinct JtotAi 
chemical -affinity, which essentially ipddifo it»>- 
action. 


constituent partS; olgbe eptbre stone. 

SO. silex ^ ' 

12. lime , , >. ; , ‘ 

9. alumine ■ : 

29. oxide of iron . ' J / 

lit oxide of manganese . 

■ ^nickel and sulphuri of eadh a ttace^ : j 

Hence it appears that the Moravian, aerolite’ , 
is specifically different' from all those thht biWd ; 
hitherto been described, by the absence of Aagr ^ 
nesia, and the presence of lime and of alomtiin. ' 
12. The last metfoijc: Stbpe* that we ,^11* 


Oil' the other hand It is advanced by msmyta 
mo^.ingenibus chbmists^ and supported by a } 
daily encreasing body of experiments^^ that subv^i' 
stances unite ta proportSins; which are rendered^ 
defijEi|te by the sole operation of tlieir mutuid -. 
affinity^ and are^e^ttuty^defimte whether ohlf^ 
one : or more compounda df the same bodies 

evsts *. r : ,r:' 

. . . . , , . , ^T<f. this op^on* vriifoh has been advanced r 

mentitm is one thatfidlhear Sigehain Arragpp^'- by Ridit«t,'Prons^ and other eminent ch»i?} 

in foe year 1773, and was deposited in foe ro]^ ’ — . • j- , 

museum at Madrid. In 180S M. Proust ob^ 
tain^ leave to analyse a portion it* and to 
publish the. result, > descripUon of foe.. 

■tone. Its present weteht is Bibs lOoz. Wt. 
several 'fragments have been broken from it : 
where foe surfoce is unbroken it presents 
black vitreous crust which is characteristic ''^ 
most of ; these bodies.' Its colour internally 
is ' a light bluish grtf^fylt is sui aj^egate of* 


iniits, 'hfir. Paltbii*.has added a most important;, 
ru}#fi^|>ported’by a variety of striking exampl^);^ 
Wlli^.is* that where two bodm combine in^ 
didisffiiit pmporticais, if the qumtity of one ef 
the^,be alaumed as a fixed-. tiumber*’ foe 
poctibns of the efoerbodyfoat unite to U-yfo t 
in foe simplest possible vatm ht each dfoegj^^^" 
ing jfaMneed by. mult^Ting't^ .Iowest>Mn|^| ^ 
rich hy a simple integral nuafl^ so 
T&Wi: ;|or example* if a: metal dm cOmldat t: 


• Aim.de CMnbdS^.e8t. -; - S;lMib/de M>yi.’180i5. : #|lMr Syitem MOlMndciil Sitfosopliy. 
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differ^j^j^portionsofoxygWt ’ M :^;tii^rical sn atom 


if 100 of the metal toke 0 of oxygen for the^ 
lowest, degree of oxygenation, all the othei?;^^ 
grees will be in the proportion of 100 of ni4tal 
to twice 9 (18) of oxygen^ or 100 of mefal to 
three times 9 (5?7) of oxygen;- or lOOof^liietal 
to four times 9 (86) of oxygen, &c. See. 
son for this simpKcity in the ratio of bmsry 
com^unds maybe found in the general principle 
assumed by Dalton, which 46, that in all 
raises the simple elements of bodies are disposed 
to unite atom to atom singly^ or if either tl in 
excess it exceeds by a ratio to be expressed by 
son^e simple multiple of the numoer of its 
atoms. 

Hence, from me Relative weights of the con- 
sritueftt parts of a compound, Mr. Dalton infers 
the relative weights of jthe ultimate particle or 
diom of each pt these parts ; and, this being 
found, the number of atoms of each constituent 
which enters into the formation of the com- 
pound particle is also deduced. 

Thus (taking a compound of two constituent ' 
parts A and B. aa the simplest case) if its cfle- 
ments are found by experiment to unite in ihe 

S aportion of 5 of -A to 7 of B, itris inferred by 
Dalton that the numbers $ and 7 express, 
tfib comparative weight of an atom! of A and B'. > 
respectively. And these elements, though unU 
ting in several proportions, will yet be found 
by experiment to ^ conhned to either 5 A to 
14, SI, 88, of B. which is, one atom of A 

to 8, 3, 4, &c. atoms of B ; or conversely it 
wiU be 7 JB tp 10, 15, SO, &c, of A, which is 
one atoniibf B, to 8, S, 4, &c. atoms of A. It 
is essential to the consistency of this system 
therefore, that there should be no other propor- 
aiohs of combination between tbc»e two- ele^ 
ments, unless indeed it be one that is expressed 
. by an even sub-division of one of these propor- 
tions, asfor examjde^^iS A to 7,; I0|, 14, &c. 
of B; in which case the 10{; being resolvafaie 
into three portions of Sf each, the number ex- 
piessing the relative weight of an atom of B, 
S^ttst be reduced to 5^ instead pf 7, and conse- 
quently the several proporlioas of 7, 14, 

ftfidSl of B, will bo resolved respectively* into 
.£, 3, 4, and 6 atoms of B. ^ 

To verify the numbers expressing tbeirelaitfve 
weights of 'an atom of A and B, * (^uppomg. 
that of A to be assumed as 5^ and iliac* of B as 
7j|ilstthem eadi be examined in their separate 
^ggpnpbunds with a third body, C. Then, sup- 
Wat in the ^tttoplest binary compound of 
'A e^' C, analysis trovers 3 parts by weight 
iiiil, to.fi of Aj it ie suMumed^ tbei^^^as 5 ie 


of A, •tiije of C. 

must be:^3t^biid Ihode of 

e8tiinaitioll':be just, Will also bb found by ex- 
periment the rin^iest combination of C' 

with B,"i7‘ B will unite exactly with .y 

parts of C. This 'supposes indeed that thie 
simple combination of one atom of each body' 
ia known by experiment; but even if this 
should not W tlU casb^;; the general principle 
vrilfnof be cohtravenecl/ if, instead of a. single 
portion of C being fovlhd, there- should be a 
double, tViple, or quadruple portion, provided 
the radical number or common divisor is 3, that' 
of B being 7. 

To illiistirate this hy an example from Mrir 
Dalton (in which powever the numbers as- 
sumed are not f^paf^tly accurate thoflgh suffi- 
cient for the .present purpose^ The substance 
of which as far aswe yet know the smallest 
relative weight entem into chemical combina- ' 
tion is .hydrogen, and on this account the 
weight of Its atom is assumed as unity, and is the 
standard of comparison for the relative weigiit 
of the atom of all other bodies. The only com- 
pound of hydrogen and oxygen that we know 
is water, in which the oxygen^s to the hydrogen* 

‘ as Tto 1. The number 7 therefore is assumed 
as the' relative weight of the atom of oxygen, 
and water is a bihary- compAind containing an 
atom of hydrogen with an atom of oxygen 
eviry atom of water. Sulphuretted hydrogen 
is exposed according to Mt. Dalton of IS 
parts by weight of sulphur and 1 of hydrogen, 
if it be assumed that an atom of sulphuretted 
hydrogen contains ati atom of sulphur united tor 
an atom of hydrogen, the relative weight of 
an atom of sulphur must be 13. To prove that 
t^is number 13 may be assumed as tne weight 
.of ala atom of sulphur, let it be examined in tte 
comj^unds with oxygen, and if correct, all the 
compounds of these two elements will contain 
for every IS parts by weight of sulphur, eklM 
7yor l4p or 81, &c. parts of oxygen, accordt^ 
as the compound contains to every atom of sul- 
phuv one, or two, or three atoms of oxygen.. 

'Now. according to Mr* Dalton Sulphureoud 
acid ' filially contains IS* parts by weight of 
' sulphur to 14 of oxygen,, arid therefore ite 
atom consists of one atom of sulphur to twa 
atoms of oxygen ; and Sulphurte acid ednsista ^ 
of 18 parts by weight of sulphuir to 81 of oxy- 
gen, or one atoth of die ^rmei^ to three atomn 
of the latter. 

* This^ hypothesis tlilejreFo\is is perfectly toiu 
ttsttut mviheidbove' examples* ^ 



The comMvadve of «Mrh>topi h^itg^ 
thus ascertsill^i llie relative 
atom is foutidii^ comparifig.^ 
with the spedm ^grawttp ^ 
which the atom is an i^egvaht But 

as this pau^f Mr. Dalton’s ^yst^r^no^ esi- 
sential to our present purpoee-iwe 'aliA net 
pursue it. . .. ■?? 

Not only do elementatf^ atoms imite in defi^, 
nite proportions but also coiMiMOdv pat^dciiil 
unite in the same manlier*^ 

E huric acid and potash ^re compound particli^; 

eing each oxydi^ the one xs( sulphur and the 
other of potajssi^m.' But as potash combines 
with two differ^rif pitmortions of sulphuric 
acid^ one being just doubie^the quantity of the 
other, the' compound, SHljmat of poiasAj may 
with propriety be considered as composed of an 
aiom of potash unth ah aiom ot sulphuric ncidy 
and the compound} suptr-^tulph&L of potash^ , 
may be considered as consisting of one atom of 
potash to two atoms of sulphuric acid«> 

Mr. Dalton gives the term liimiry atom to 
any compound of two elements in which one 
atom of each is combined, and hence there 
can be but one species of binary compound; of 
any two elements. 

A Ternari/ Atom is composed of two atoms 
of one of tlie elements with one atom of the 
other, and hence there may be two species of 
ternary atoms of the same element, accoiding as 
one or other is in the greater proportion. Thus 
an atom of nitroUs oxyd is a ternary compouad 
of two atoms of azote and one atom of oxygcn|.\, 
and on the other hand nitrous acid is al^ a 
ternary compound of the same elemehts, but 
consisting of one atom of azote with two atoms 
of oxygen. 

A QuaUrnary Atom is composed of three 
atoms of one element with one atom of the 
other, and hence also there may bo two speciiM 
of quaternary atoms as either element predoim»v 
nates ; and so on of the other numbers. 


) 
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f<i^>'anities with water |^<oiie exact propordtu^^ 
and in h6 other. ' . • 

. piece of'weIl..burnt diarcoal be connned 

in oxygen gas and infiained by a burning glass 
die ^roTume of gas is not altered when again 
cOOlfdi^but the whole is converted into carbonic 
acud^^l^ If more' oxygen be present than is' 
neceiia^ for the consumption of the charcoah 
the products ' will be carbonfc acid .gas-and an 
excess of oxygen; if there is less oxy^n than., 
will consume the' charcoaly carbonic acid alone 
will's^ produced} and part of the charcoal.will; 
rentsdn unconsunied. < 

' The combination of two elements inseveijil. 
definite proportions is very happily shewn .by, 
the various compounds. .,of oxygen -^d azote.. 
These are nitrous oxyd»ni|iws gas, aodnUr^ar 
acid gas..- ■ 

. If two. pleasures of Nitrous Oxjfdt and,^«^ 
measures m hydrogen are ignited by the elMttic 
spark, the product is water, and two measures 
of azote remain. Now as water is produced, 
by. two measures of hydrogen and one of oxygeUi 
the rohrous oxyd here employed must nave* 
cohi^Sted of two measures of azote witli one of 
bxygm condensed'into the space of one measiHrp, 
If charcoal is ignited in two mieasuntf^.,^,: 
IfHroits gas the products are one nqipnsnirfrvwt. 
caffabhic acid gas and bhe measure of azote., 
Hsncei as carbonic acid gas- always occupim 
the same volume as the oxygen of whifH it is 
formed, nitrous eas' consists of equal volunam. 
of oxygen and of azote not condensed by..tbeir 
VOion; • a, 

two measures of nitrous ipts Ife^. mixc4r' 
ater with one 'fttOaivro ,<» . oxy^gen 
of 'them tatally'diiappear. end s aolutfon: 
^Nitrous aiid gat iti Water U-the result. . .i,,; 

:I In'aJI the above examples foe piOTOiti^^ 
az)^ and oxygen eacrea^-or dirnihifo by eqpfM. 
^btitieS, end **e«es of 

fottion are bnowii^:.' w.-, . 
v^r. Virollaston has given some strikin 



We shall now proceed to mention aniindberi lihiente ih.iilustratioir QCvt^^ of 

.1. _ .ii * • „ _ • i ' 


of facts that illustrate in a striking manner fob. 
chemical union of substances in dsyintte 
portiont.' ■ . ■ 

If one measure of^pure oxygen imd; tWo 
measures ‘ of hydroMil^e mixed in z, iar over 
mercury and ignited bs^e electric spd^^' bqfo 
foe gasses will iKsappeer, and water wyi be pnW 
duced. If two measures of eadi g^ be^miady' 
water- vnll be produced as beforei^idt pneWiaa* 
sure.of exygen will remain. Hydregeh foere-' 


is ihfoecompdsition of some- sopeW; 

and snb>a<^c SaltSsH^which may be hjerje’. 

rnfadlpned as they are c^ily performed. Leti^ii;^!- 
gi^jai^^^of crystailwed carboiiatsfof potash re> 
copi^^ropsrrd be wrapped ip foUi »p.<* 

paWed l^intoahtinvertWl 
esttjf and let foe gas-he.mtWum^ .WWiW^,^ 

mufortic acid, anpifoe^lpinW#' ' *' 

ina^d on the ttfoet. ^ 
tlWWifoe carbohat hi gx 
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a rcxUlcat, ami afterwards let tlie gas be ex- potash in it % highly iroba^^^^ 

m>m It m the .same apparatus, and it will foi^vecy’ parucl^t of nitre is an 

V “V" . exactly the same space as equivalent quahtit%.^of a super-^tidphat of potasli 

that obtained from the two grains of cryst^ized produced^ m eqfially definite prop<^rtions witlx 
salt m the former experiment. thk ncujtjr^4ulphat, and in wliich probably the 

Ihe same results are obtained ffonv^Ae acid ratio of a^simple fnultiple of that 

8uper-<\irlv)n;U and the sub.-carbonat ofi^ii^||ti|, 'which efxtsts ii| the neutral salt. * * 

ouper-sumhat of potash in like rnanniirr^on- Among the philosophers who within these 
tains twice the quantity of acid as the neutral last few -have laboured with the greatest 

sulphat. Let twemty grains of carbonat-of pot- and success in discovering the laws of 
ash be mixed with about twenty-five grains of chemical affitiity. a distinguished place is due to 
sulphuric acid in a covered platina crucibles or Professor Berzelius,^ whose experiments we 
111 a glass tube, and this mixture gradually shall now briefly notice.^ He States that he was 

becomes slightly led to this train of cnqMiryjfrpm the two follow- 
red-hot. 1 his will produce the super-suTphat ing most iihportant tneOTema Jaid down by the 
of potash, which will be very nearly neutralized learned Richter. f - • 
by an addhion of SO ^ains of the same car- . 1. When two bo6ies^A*and B. have each an 
boMt of ^potash. , affinity for two others C. and D. the C. which 

- common super-oxalat of potash is shewn saturates a giyen quantity of A. is to the D. 

fhomson to cmisist of potash united to which saturates the same quantity of A- in the 
twice the quantity of oxalic acid necessary to same proportion as the C. saturating atiy given 
saturate It. If two equal portions of this super- quantity of B, is to the D. saturating the same 
oxalat betaten, and one portion calcined so. as quantity of B, Hence the saturating propor- 
to destroy the acid, the alkali that remains will tions of A. C. A. D. and B. C. being known 
sulncient to saturate the other portiem* those of B. D. may be found by simple calqula- 
When hitnc or muriatic acid is added to. the tion. For example, let A. B. C. and D. be 
common super-oxalat of potash, the latter salt respectively sulpnuric acid, muriatic acid, ba-. 

partially decomposed, and crystals fofrt rytes and potash, and let 100 parts of sulphuric 
alt the mmiire which are found on oxab^inatioh acid be saturated by 190 of barytes, and by 1 16 of 

or potash potash, and let 100 of muriatic acid be saturated 
^nniT times as ^tich acid as will saturate it, by Sdl of barytes, then; ' the quantity of potash 
j ^ . formation of mese various salts with a saturating 100 of muriatic acid will be 17S; 

definite excess of acid which is expressed by a - Bar. Pot. Bar. Pot. 

simple multiple of the least definite quantity is for 190 : 116 : : 281 : 173 nearly. 

^rticularW important as it affords an ansvirertq This law of chemical combination is indeed a. 
tnepowmul objectibh urged by M. Berthql^ , direct inference from the fact that when t\vo‘ 
against common raimon of clieniicar ’to neutral salts arc mixed together and decompose 
” eminent chemist shew4 that a ebn- each other the mixture remains neutral. Tims, 

exaerable ei^ess of a weaker add Wfill decompose supposing 581 parts of muriat of bary tes be 
m oompoiind of a base and ;i stronger acid; Jfpt. exactly decomposed by 322 parts of sulphat of 
I i ^ oT potash, and the mixture remain neutral, the re- 

added to sulphat potash ^{| occasion aome . specuve proportions of the new compounds 
crystals of nitre to form, thoiigh the nih^ic acid " formed will oq 273 of muriat of potash, and 
has a weaker amnity to potash than the sul- ' 4«^*of sulphat of barytes, as by the fullowing«> 

phuric. But though there is an uiidbubted de- fcheme: 

composition of some poitioh of the sulphat of 
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The barytes, &c. See. each o| which saturate 100 of 

barytes that |iaturate ally itl^^ sijphurlc acid. 

17^: 281. and in the d^oai|^itipn here as^ 'Tlije late discovery of the compound nature 
sumed the mi|natic acid\,that saturates these of the alkalies and earths therefore gives ah 
bases is 100 parts. Tbet^ore additional importance to this law of chemical 

acid musL.^^49 parts as calculated il^h^froih 

the elements of sulphat of pptash: and sulphat Adipmer law of chemical combination which 
of baryteSf In the former case 116 of potash is .ladd down by Berzelius, • and Illustrated^ by 
saturate 100 parts of sulphuric acid, and numerous examples, is the following, viz. In 
116 : 100 :: 173 : 149; In the latter' case 190 any compound of twooxydated substances, that 
of barytes saturate 100 6f sulphuric aciil, apd substance which is attracted to the positive pol% 
190 : 100 :: 281*: 149. . .. ;■ ' of the electric circuit (the acid, for example/ 

The import^ce of thie^hiw of chemical com- contains as piuch oxygen as is produced- by 
bination is so great that die composition of all multiplying the oxygen of the substance at- 
the binary compounds^ might be^fputid with ab- tracted to the negative pole (such as alkali, 
salute certainty, provided the data founded on earth, metallic ox yd) by some of the integral 
actual experiment could be brought to perfect numbers 2, 3, 4, &c. For example, as 100 

accuracy. Hith^to however this has not been parts of sulphuric acid satuiatte as much of any 
the case, as n6 series of humbS's representing oxyd as contains about 20 parts ‘^f oxygen, the 
the neutral compounds has yet been given quantity of oxygen in 100 parts of the acid it* 
which will apply throughout:/ It is a chief part self must be ec|ual to twice 20, or three times 
of the present labours of Prof. Berzelius to 20, &c. In this example it will be shewp pre* 
corrcct the elements of calcula.ttonsvby vsently that sulphuric acid contains almost cx* 

varied, experiments conducted with great care * actly thrfee times 20, or 60, percent, of oxygen* 
and intelligence. Most of the other acids however contain only 

Another equally important law laid down by twice the oxygen qf their saturating base :* thir 
Richter is, that when the metal of a neutral carbonic and sulphureous acids are 6f this 
metallic solution is precipitated by another nie* In all riie^^compounds.in which water form^ 
tal, it is the metallic base alone which is changed^ ai^ ^ement (which alMh^ cry^allized salts • 
the oxygen and the acid remaining united with ait^liquid acids) this substance also* seems ta 
the last added mctal.^ Hence it follows that all be objected to some similar law of definite 
the different metallic oxyds which saturate a * proportion, as will be soon explained. 
definite portion of acid contain the same quan* we shall now give a sliort abstract of a few 
tity of oxygen. Or in other words it ixiay be of the important scries of Prof. Berzelius' ex* 
expressed that a given quantity of any acid periipents, to shew to what degree they illustrate 
combines to safur^tion with only a definite pro* ^he above laws of chemical combi* 

portion of oxygen united to so much of any xiat^n» some others which will 

base as contains this portion of oxygeir. Thus be atnted in tj^ir place. 

for example, if 1 00 parts of sulphuiic acid sa- ^ ^ The compqsi^n of sulphuric acid which has 
t urate 20 parts of oxygen and the base united so often been attemj^ed. w ascertained in se^ 
with it, the proportion of every oxyd that vend methods ^ and first through the medumi 

bines wiJi 1(X) of sulphuric acid, and die coir^ oxyd and sulphoret xtf 

position of every neutral sulphat is loiown as ^ • v . . . ' 

soon as the oxyd itself is analyzed; And, con* ' J^iad an4)^xj(gen.: JL^d has three degreM 
versely, the composition of any unknown oxyd of oxygenation, viz. the yelJbw, the red, and 
may be discovered by finding the quantity of die brown. ' ^ 

this oxyd which neutralizes a given weight of .,-For; ^he yellow' oatych sojmc pure lead fre- 
any acid whose saturating quantity of oxygen duced iftpin the nitrat of lead) was dissolved itt 
in any otiier oxyd is previously known; Thus, nitric acid evaporated and ignited^ a hundred 
for example^ if lOOparts of sulphuric acid sa(u* parts of m^tal thils gained 7.8 of oxygen^ A/ 
nte any oxyd that contains 20. of oxygen, it The red oxyd, .or pari|i^ tpinivm, ccrit^ne 
may be inferred that 116 parts of potash afire ^ to 100- of metal 11^07 oxygen* ^ ' < 

composed of 20 of oxygen and QGof pqtasISttm, Tfa^e brown oxyd^c^tr^ digesting mini* 
since this qUantitV of potash saturates 100 of urn in nitric . acidw edntain s A viOCK of metal 
sulphuric The like^ quantity of oxymn is 15.6 of oxygen- , V v ' 

therefore centatped m of Mda» ixi of Therdfqrcvtheise portions 
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1 1.07 ^;anci 1,5.6} ate. respectively in tlie pro* Lead; t?. 4P6 

portions of 1, If and S. V ' ^ ^ 

The yeUow oxyd is the only one which enters • 

into the salts of lead. - ^ ‘ l ISviB lOO.QO 

Ijcad and Sitlplmr. 100 parts of lead mix* — ■ » * — , 

ed with as mucn pure sulphur, and heated iii A^Vundred parts of the sulpbure^^df lead last 
a close vesselj as long as any sulpti^^was described Were digested in nitro-muriaiic acid 
sublimed, produced 115.6 of the sulpliuhst; so till the whble was converted into sulphat of 
that 100 parts of lead when thus united with lead, the sulphur and lead both acquiring oxygen 
sulphur absorb 15.6, which is exactly twice from the /nitro-muriatic acid. No product 
the weight of oxygen united with the same whatever was yielded} from the sulphuret but 
Quantity of lead in the yellow oxyd. On this the sulphat of lead, which was perfectly neu* 
coincidence a law of combination is deduced tral and weighed 186#5 parts.; :^he respective 
which will be presently mentioned. • changes that took place ^therefore, supposing 

This sulphuret of lead is therefore thus com* the base of this salt to, be^ the yellow oxyd, aru 
posed : as follows : ' 4 * 

Oxygen. . . i . 

Lead - 86.51 with 6.748 produce 9S.fi58 tXLjA of lead 
Sulphur 13.49 : 19.752 M.#42 sulphuric acid 

Sulphuret of lead 100.00 26.500 126.5 sulphat of lead 



Two things are to be particularly noticed . 
here: 

One of them is : that the sulphur of the sul* 
phuret of lead was exactly sufficient when con* 

' verted to sulphuric acid to saturate the lead of 
die same sulphuret when converted to the sub* 
oxyd of lead* * ' . 

The other thing to be noticed is : thaMie 
quantity of the sulphur in the sulphuret was 
almost exactlv double the quantity of oxygen 
taken up by tne lead of the sulphuret, being as 
i3.49 to 6.748. 

From the former of these facts the author 
infers as a general rule, that a metal combines 
with sulphur in such a proportion, that when 
the sulphur i% converted to sulphuric acid arid 
the metal to an oxyd, the sole product will be 
m neutral sulpha ted oxyd of the same metal. 

Front the latter of these two facts the authoV 
infers : that in every neutral sulphat the oxygen 
Wf fhe base equals half the weight of tlie sulphur 
of the acid with which it is saturated. 

^ The composition of sulphuric acid is inferred 
from the atove oxydation of sulphuret of lead, 
to be in the proportion of tSAQ of sulphur to 
J 9.752 of oxygen, the whole addition of oxygen 
. to the sulphuret Wng 26.5, and 6.748 of this 
being estimated as die portion belonging to the 
oxyd of lead. 

Sulphuric acid dierefore consists of "" 

Sulphur 40.58 100.000 

Oxygen 69.42 — 146.420 • 

JOO.OO 246*420 


According to tli^ second of the two propo- 
sitions just mentioned, 100 parts of sulphuric 
acid therefore will saturate so much of any 
oxydated base as contains 20.29 of 

oxygen. 

As an exact determination of the elements of 
sulphuric acid is of great importance in ana* 
lyris, the author proceeds to compare the above 
mentioned result with those produced by other 
modes of operating. 

^oth Bucholz and Klaproth have sought to 
fix the elements of this acid by acidifying a 
given quantity of sulphur, and then combining 
It with the barytes of a known quantity of some 
soluble barytic salt. The analysis of sulphat 
of barytes depends also on that of carbonat of 
barytes, cftit of which all the barytic salts ate 
fwrepared. By multiplied experiments the au- 
thor fixes the elements of carbonat of barytea 
at Carbonize acid 21.6 — 100 
:^rytes 78,4 — 363 

100.0 463 

Of tins carbonat, 100 parts (^containing 78.4 
of base) gave from 1 18.6 to 1 19 parts of sulphat 
of barytes, which will give for the elements of 
sulphat of barytes within of the follow* 

ing numbers : 

; Sulphuric acid 34 — 100 
Barytes 66 — 194 

"jOO 294 
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Buclialst M^jUfied too of f^ttsed sjulphur 
with nitrcMifariatic acid, and combining with 
barytes the aulphuric add^ytifaiia produced ob- 
tained Ki parts of sulphat of burytes. If this 
sulphat is estimated according to i^rzelius* re- 
sult abQ 3 ^^iven, its acid part will be S46«16, 
whence WO parts of sulphur will have combined 
with 14(>.16 of oxygen, and this%stimation of 
sulphuric acid will be found to correspond al- 
most exactly with that already given as found 
by the acidiheation of sulphuret of lead. 

Sulphureous Acid* The production of this 
acid by the direct combustion of sulphur being 
attended with /nearly insuperable difficulties, 
Pr. Berzelius attempted its analysis by means 
of the sulphite of acnmuSiia. This salt was 
decomposed by muriat of barytes, and the re- 
sulting sulphite of barytes was changed to the 
sulphat of barytes, by means* of nitric acid, 
none of the sulphureous acid being expelled in 
the process. By these and otlicr experiments 
tlie author determines the elements of sulphu- 
reous acid to be 

Sulphur 50.57 — 100.00 

Oxygen 4D.1J — 07.83 


100.00 1.07.83 

The oxygen in tlie sulphureous acid is there- 
fore to that in the sulphuric acid very nearly 
as as 100 parts of sulphur unite wdth 

97.83 of oxygen in the sulphureous, and with 
.146.426 in the sulphuric, and 7.0,83 V li = 

J 46.785. 

( hpjier Tciih Sulphur and Oxj/gen. ‘ 

The authoi: proceeds to examine the com- . 

Copper 100.0 
Sulphur 25.6 


pounds of copper wdth sulphtir and oxygeft, to 
ascertain whether they agree with those of lead 
in the three Jaws of combination which he had 
laid down. These laws (to repeat them) arc 
the followdng ; • 

"1. That the sulphuret of any metal, when 
oxydated, is totally changed to a neutral sulphat. 

2. Tiiat in every sulphat the oxygen belong- 
ing to the base cquala half the weight of the 
sulphur in the acid. • 

3. 'iTat in every compound of an acid and a 
base, the oxygen of the acid equals that of the 
base multiplied by some integral number. To 
this may be added tlie other law of all chemical 
combination (which is entirely adopted by the 
author) namely, 

4. That where two bodies unite in different 
proportions, if the quantity of one of them be 
'assumed as a fixed number, the proportions of 
the otlicr body are in the simplest ratio to each 
other, being produced by multiplying the low- 
est proportion by some integral number. 

iJopper ami Stilphur* One hundred part# 
of copper heated in a retort with as much sul- 
phurs till all the excess of the latter was ex- 
pelled, produced 125.6 of sulphuret of copper. 
Some difficulties attend this operation to pr®t- 
ducc uniform results, but the above number 
appears to approach the nearest to accuracy. 
Hence fVom this single fact, the following com- 
position of the suboxyd and sulphated subox yd 
of copper should be made out, assuming that 
the ox yd of copper corresponding with this sul- 
phuret is at a minimum of oxydation. 


with 12.800 oxygen give 112.800 suboxyd of copper 
37.485 63.085 sulphuric acid 


Sulphuret of Copper 125.6 50.285 

'Fhis therefore would give for the confipo- 
siiioii of the suboxyd of copper. 

Copper 100.0 — 88*652 
Oxygen 12.8 * — 11,348 


112.8 100.000 


And the sulphated suboxyd of copper would 
consist of 63.085 acid to 1 12.8 of suboxyd : or 
as follows: (the oxygen of the base equalling 
half the sulphur in the acici). 

Sulphuric acid . 100.0 — 35.87 

Suboxyd of copper 178.8 — 64.13 

278.8 100.00 


17.5.885 Sulphated Suboxyd pf Copper 

Now, .supposing the Peroxyd of copper to 
contain twice the quantity of oxygen to a given 
weight of metal, as the <'ubt>xyd, this peroxyd 
of copper would consist of 

Copper 100.0 — 79.6IS 
Oxygen 25.6 — 20.382 

125.6 100.000 

Then if this peroxyd were the base of ft neu- 
tral sulphat of copper, this sulpHated peroxyd 
would contain 

Sulphuric acid 100,^ ~ 60.113 

Peroxyd of Copper 99.5^8 — 49.887 

199.548 100.00a ^ 
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since 99.548 would be the quantity of this the direct pkygenation of a 8U]Nh4bulphuret of 
peroxyd that Contains oxygen equal to half the copper, ‘this Would codrse conpitn a double 
sulphur in the acid. proportion of suiphtft, and its proportions when 

Lastly, if this latter sulphat were formed by resolved would be as follows : * 

Oxygen. 

Copper - 100.0 with 25.60 give 135.60 peroxyd of copp«^ ■ 

Sulphur - 51.2 " 74.97 lg6.17 sulphuric acid * 

Super-sulphurct 151.2 100.57 251.77 Sulpha ted Pbrox yd of Copper 


The author then proceeds to examine the 
accuracy of these hypothetical numbers by 
actual experiment. We shall state them in a 
very few words. 

'"rhe peroxyd of copper was formed by 
evaporating and igniting a given weight of 
metal dissolved in nitric acid. Another portion 
of the iiitrat v/as decomposed by a carbonated 
alkali, and the precipirate ignited. In the former 
case some of the metal was volatilized with the 
acid, and in the latter a portion was left in 
the solufion and separated by sulphuretted hy- 
drogen, both of which circumstances produce 
some little inaccuracy in the results. An al- 
lowance must also bo made for the sulphur and 
carbon retained by all cc^pper. If this be fixed 
at f per cent, (which however is quite arbitrary) 
the composition of the peroxyd of copper will 
be Copper 80 — 100 • 

Oxygen 20 — 25 

100 125 

which very nearly agrees with the proportion 
deduced from the sulphuret. 

The suboxyd of copper was formed by mix- 
ing 10 parts of the peroxyd with the same 
quantity of pure copper in a flask, containing 
75 parts of muriatic acid, and keeping ihe 
vessel well closed on a gentle stove-Jicat for 
three days, with frequent shaking. After this 
the whole of the peroxyd and part^of the cop- 
per were dissolved, and the quantity of the 
latter was found by weighing the undissolved 
portion. Then supposing the oxygen of the 
peroxyd to be equally divided between its own 
portion of metal and that added, and the whole 
to constitute the suboxyd, this will nearly con- 
tain half the oxygen of that in the peroxyd, 
allowing a small deviation to be produced by 
the unavoidable action of the muriatic ackl on 
a small portion of the copper, independently c,f 
the oxygen present, which was shewn by an 
escape of hydrogen when the vessel was opened. 
A suboxyd of copper coiuaining ludf ihc oxy- 
gen of the peroxyd, will therefore consist of 


Copper 88.89 100.0 

Oxygen 11.11 — 12.5 

100 00 • 112.5 

.■ — i — r-;- 

This very nearly agrees with the result 'of 
a similar experiment , made by Mr. Chenevix, 
who reckons IS. of oxygen to 100. of metal ; 
and the composition of this suboxyd estimated 
from the sulphuret is the mean of these two, 
or 12.8 of oxygen. 

The common sulphat of copper was then 
analyzed : 5 parts of this salt dried at a tin- 
melting heat ai d decomposed by nuiriat of 
barytes, gave 7.22 of sulphat of barytes, the 
acki of winch is 2.155, leaving therefore 2.545 
for the oxyd of copper in tlic 5 parts. The 
basis of this salt is the peroxt/d of copper, 
and therefore this salt is properly the sulphated 
peroxyd of copper. It is thus composed, from 
the above analysis : 

X Sulphuric acki 49.10 100,00 

Peroxyd of copper 50.90 103.66 

100.00 ‘ 203.66 

On the other hand, if 100 parts of sulphuric 
acid neutralize so much of any base as contains 
20.29 parts of oxygen, it would require 101.45 
instead of 103.66 of the peroxyd. 

The quantity of peroxyd saturating 100. of 
sulphuric acid, as estimated' by the compordrioii 
of the sulphuret, is 99.54S, wliich is still suf- 
ficiently near 103.66 to come within the limits 
of probable error. 

The above experiments on the compounds 
of copper with sulphur and oxygen are so far 
defective that thc^y do not exhibit any super- 
sulphuret of copper, which is the regular base 
of the common sulphat of copper or sulphated 
^jeroxyd : nor on the other hand do they shew 
any sulphated suboxyd of copper, which is the 
regular product of the oxydation of the subsui- 
phuret actually known. They sufficiently il- 
lustrate, how'cver, the law of definite proportions 
in the different degrees of oxydation \ and that 
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of a prcdae iK^don of the oxyd sar* 

turated by algh^eh quantity of sulphuric acld^ 
Sulphur and Oxygen. 

We shall briefly mencioh these, on account 
of an apparent anomaly in the relation between 
the snlpbjiijciat and sulphat .as already laid. down. 

Subsulphurel of Iron. .Thia was formed by 
heating red-hot for a considerable time a mix- 
ture of thin iron plate and thrice its weight of 
sulphur, till all the excess of the latter was 
sublimed. The remaining sulphuret of iron 
was brilliant, brittle, and magnetic only in pow- 
der. A given portion of it was analyzed by 
being first totally dissolved aod acidified in 
nitro-muriatic acid, and the sulphuric acid thus 
generated was Separated hy muriat of barytes 
and the oxyd of iron by ammonia. ; Reckoning 
34 per cent, of acid, or J 3.797 of sulphur, in 
sulphat of barytes, and 69.3 peC cent, of iron in 
the peroxyd here produced by the action of the 
nitro-muriatic acid, this subsulphuret of iron 
would consist nearly of 

Sulphur . . 37 — 58.75 

Metallic iron 63 — • 100.00 

100 138.75 

The super-sulphurct of iron, or natural crys- 
tallized pyrites, gave by a similar analysis. 
Sulphur . 33.9^ — 117 

Iron . . 46.08 100 . 

100.00 ^zn 

Tlierefore. the sulphur combined with 100 

parts of iron is twice as much in the super- 
sulphurct as in the subsulphuret. 

tZxyih of Iron, This very important sub- 
ject has been examined here with peculiar care. 
It was first asserted by Proust, and has been 
pretty generally allowed, that there are but 
two oxyds of iron, the black and the red oxyd, 
the former being the suboxyd and the latter the 
peroxyd. Tl)at there are these two distinct 
oxyds is not doubted, but Thenard. has given 
some cxpcrinietits which appear to establish 


another oxyd of a still lower degree of oxy* 
genation than the black oxyd, and which when 
nr^ ‘separated from its solution is white. If 
thisrbe correct, there arc three otyds, namely, 
the itfhite, the black, and the red, of wdiich the 
latter has the highest proportion of oxygeru 
^'hq^wistence of this white oxyd is also pro- 
bable on account of the ratio of oxygenation, as 
Will be further mentioned here, and also in the 
Article Iron in this Appendix. 

At present 'how^ever only the black and tlie 
red oxyd are concerned, which may be here 
termed the Suboxyd and the Peroxyd. 

The composition of these as determined by 
Berzelius from many experiments, is the follow- 


For the suboxyd 

Iron . 77.29 

r- 100.0 

Oxygen 22.78 

20.;‘j 

100.00 

J2M..J 

For the peroxyd 

Iron . 69.34 

— 100.06 

Oxygen SO.OG 

44.2j 

100.00 

114.2J 


Therefore the oxygen of the perOxvd is to that 
of the suboxyd only as If. to 1. for 29. 5 X 
If =:*= 44.23. 

But on the other hand the sulphur of tlio 
super-suJphuret is twice the proportion of that 
in the sub-sulphurct : and therefore if each of 
tlicsc sulphurcts were acidified and converted 
into a sulphat of iron (the base of the sulphat 
corresponding witli the sub-sulphuret being the 
suboxyd, and that of the other sulphat being 
the. peroxyd} it is evident that the laws that 
regulate this, change as deduced from the sul- 
phurct and sulphat of lead could not be pre- 
served* 

The combinations that would take place are 
as follows. 

The sub-sulphurct converted into a sulphated 
suboxyd would give 


Oxygen, 

Iron • • 100.00 with 29.30 . give J29.5 Suboxyd 
Sulphur , 58.75 — 86.03 . ~ 144.78 Sulphuric acid 


Subsulphuret 158.75 115.53 274.28 Sulphated Suboxyd . 

In this case all the laws of combination are within a triflitig difFerence. But on the other 
observed pretty accurately, the sulphuric acid hand, if the supersulphuret of iron or the 
saturating so much of the base as contains oxy- natural crystallized pyrites (which contains a 
gen equal to half the milphur in the acid, double proportion of sulphur) were totally 
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oxydated in the same way, and converted into ofenly l-J therClU^ntity of.the auhoxyd, ^whereea 
a sulphat with the peroxyd for its base,, it is the supersulpliuret is a sulphuratioa of twice the 
obvious that the same relative proportions ite- ouatitity in the subsulphuret. This compound 
tween the sulphat and the sulphuret cou)d not merefore, if it could exist, must be one with 
be preserved, as the peroxyd is an oxygetetion a i^ble portion of acid as follows; 

Oiygen. —^5- 

Iron . . 100.00 with 4!^.3d • give 144.25 Peroxyd 

Sulphur . 117.50 — 172.06 . — 289.56 Sulphuric acid 


Supcrsulphuret 217.50 214.81 483.81 Supersulphat 


The resulting salt in this case therefore must 
be with excess of acid, for 2S9.56 : 144.25 : : 
100:49.82 so that 100. of sulphuric acid would 
only unite with 49.82 of the peroxyd of iron 
which contains only 15.27 of oxygen ; whereas 
it is found by all the previous experiments that 
lOQ- of sulphuric acid requires for its saturation 


as niuch of any oxyd as .contains 20.29 of oxy* 
gch, or thereaTOUts. 

But ‘the actuiil composition of the sulphated 
peroxyd of iron.^or rerf is very differ- 

ent. Berzelius nnds it by experiment to con-» 
tain about 100 sulphuric acid to 65.5 pproxyd, 
which arc resoled into the following numbers. 


• Oityj^cn. 

Sulphuric acid 100 contain 5^A2 with 40.58 Sulphur 
Peroxyd . . 65.5 20.10 — 45.40 Iron 


These numbers agree sufficiently well with 
the laws of combination all along observed, for 
the oxygen of the peroxyd is very nearly half 
the weight of the sulphur in the acid, and 100 
parts of the acid saturate as much peroxyd as 
contains 20.1 of oxygen. Therefore the sul- 
pluiret of iron, which is the base of tins sulphat, 
is one in which the sulphur is to the* iron as 
40.58 : 45.40 and would therefore consist of 
Iron 100. 

Sulphur 89.88 


189,38 

which is an intermediate degree of sulphuratioii 
between the two actually ascertained by expe- 
riment. A sulphuret not far deviating from 
these proportions has been actually produced 
by Mr. Hatchett by distilling the magnctical 
pyrites with sulphur in a low red heat, as men- 
tioned in mir original article Iron.* 

JMurialic Acid* 

A perfect analysis of muriat of silver that 
could be depended on even to a thousandth part 
is a great desideratum, as it w^ould afford a 
means of ascertaining the muriatic acid in all 
the other muriats, and also the quantity of 
oxygen contained in the base of all these salts, 
if die hypothesis of equal sfi^tu'catiori br acids 
by so hiueh of every oxyd as contains a given 
portion of oxygen be correct. There is no 
great difficulty in ascertaining the quantity of 
metallic silver in a given portion of the fused 
muriat of silver, but it is not so easy to find the 


exact proportion of oxygen that unites to the 
metal and of muriatic acid. It is thus .attempted 
by Professor Berzelius. 

Muriat of Silver* 100 of ignited carbonat 
of barytes contain by experiment 21.6 of car- 
bonic acid, and therefore 7814 of barytes, which 
last when saturated with muriatic acid gives 
105.6 of muriat of barytes, which salt therefore 
contains 78.4 of barytes, and 27.2 of acid.. 
Hence the elements of muriat of barytes are 
Muriatic acid 25.75 1(>0.0 

Barytes . . 74.25 288.4 

100.00 388.4 

On the other hand 105.6 of muriat of barytes 
decomposed by nitrat of silver produce l45.^r 
of fused muriat of silver, which last therefore 
contains all the acid in 105.6 muriat of barytes, 
namely, 27.2 parts, and 144.5 : 272 : : 100 : 18.7. 
Therefore 100. parts of muriat of silver contain 
.18.7 acid and 81.3 oxyd of silver. 

Likewise, 100 parts of silver being dissolved in 
nitric acid,^ muriatic acid added in excess, and 
the whole evaporated and fused gave 182.7 of 
muriat of silver, the metal of which therefore 
is 100. parts, or (reduced to .the proportion of 
100 parts of the muriat of silver) this will con- 
tain 75.858 per- cenL of silver, and 24.642 
oxygen and muriatic acid. 

But as muriat of silver has already been 
shewn to contain 18.7 per cent, of muriatic 
acid, the difiereiice between 24.644 and 18.7^ 
or 5.942, is^ the oxygeiu. 


% See Chcni. Piet. vol. %•* 
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Frem’‘.di^ data ^^uied moriat of' ia composed : 

Muriatic acid . . . . . 100.009 

Silver . t5A5S > ai « .w; • 402.9a4 7 aqa^ko 

p^geil . d.948 r ® * • 31.775 5 

fiS4.759 




And the pxyd of ^Iver will consist of 

silver . . ... 92.67 . 100.000 

oxygen • • v 7.S3 * - • . • • • 7.925 

. . ■■ 

* " 1 ^ 100.00 107.925 

■ i f' . ^ 



Tlierefore lOb partt of ikufhttic jscld saturate 
Ho mu^h of this base as contains 31.775 of oxy* 
gen, and if the rule of equal sa|uratiOn be justj 
every base that saturates 100. part^ of dry mu- 
riatic acid will contain 31.773 of oxygen, pro- 
vided this analysis of muriat of silver oe correct. 

Another mode of analysing muriat of silver 
is by means of the sulphuret. Sulphuret of 
silver the author finds to consist of *100 silver 

14.9 sulphur ; sulphuret of lead contains 100 
"lead and J5.42 sulphur j and suboxyd of lead 
contains 100 of lead to 7:7 oxygen. Tlien^ 
applying Richter’s ^ule, die sulpnur saturating 
1(W parts of lead^ is to the oxygen saturating 
100 of lead, in the same proportion as the sul- 
phur saturating WO of silver is to the oxygen 
saturating 100 of silver. This will give 7.44 
for the oxygen saturating ] 00 of silver $ for 
J5;42 : 7.7 :: 14.9 : 7.44. If thw Xesult be 
taken in conjunction with the fact th&t 100. of 
silver produce 132.7 of the muriat of silver, 
this 132.7 of muriat will consist of 100. of 
silver, and 7.44 of oxygen, leaving 25.26 for 
the muriatic acid. This would give as much 
as 19.035 per cent, of muriatic acid in muriat 
of .silver, and only 6.925 per cent, of oxygen 
in the bxyd of silver; and would give only 
29.455 for the oxygen in the base saturated by 
100. of dry muriatic acid. 

As the latter mode of estimating muriat of 
silver is obviously exposed to many more sources 
of inaccuracy, the former is preferable. All 
things considered, the disagreement betweeh 
the two is not very great, though sufficient to 
render it unsafe to take the mean number as 
the most accurate. We may therefore for the 
present infer that a dry saturated muriat (re- 
taining the old theory oi muriatic acid) contains 
for every 100 parts of muriatic acid about 31.5 
of oxygen in the base which saturates Ihe acid. 

The author examines the muriats of copper 


and lead with this view. The particulars w#* 
shall not here give, but the results considerably 
confirm this general law of equal saturation 
above mentioned. 

On Water of Crt/s tail hat ion and JFater of 
Composition. 

Water according to Berzelius performs the 
part of a base when united to an acid, and of 
an acid when in union with a base. »Some 
acids cannot exist in a separate state unless 
combined with a certain portion of water, vdiich 
portion, is exactly sufficient to oxydate that 
quantity of any metal which will combine with 
the acid to form a neutral compound. This is 
the case most remarkably with the muriatic 
acid, and also with the sulphuric, which last 
can never be concentrated singly to a greater 
degree than that at which it retains as much 
water as contains oxygen equal to half die sul- 
phur in the acid itself, this being the propor- 
tion required in the bases saturating this acid 
as has been already fully described. Hence 
the impossibility oi forming sulphuric acid by 
the combustion of sulphur in dry oxygen witli- 
o.ut the presence of water ; and hence when the 
dry sulphats,. such as alum, are distilled per se^ 
the product is not sulphuric acid, but joiily its- 
elements sulphureous acid and oxygen. TKe 
same takes place with the nitric acid, which 
can never be produced by the mere distillutiorv 
of the dry iiitrata that contain no water of 
cyrstalli^atioii, as these when heated yield; , 
only oxygen and nitrous acid gas till water be 
added. ■ . 

Besides this water of composition there ex- 
ists (often in the same com pounds) another por- 
tion, wliich Is the water of crifstallhation-^ anct 
there seems some* reason to infer from the* 
author’s numerous experiments, that the quan- 
tity of water of crystallization is such that its* 
oxygen is always a inultiplicatiou or a division of 



that of the base by an integrant nimber/Sdme 
of the experiments we shall mention. ' 

Tartaric AcUl^ 100 parts of this acid 
dTied^ were drssolved iii water, and decora® 
by acetited lead. The resulting tartrite wfead ^ 
weighed 235. 1 • Five parts of this tartrite^were | 
then decomposed by sulphuric acid, and;^ve * 
4.25 of sulphat oi leacf, the composition of 
which being already known, that df tart rite of 
lead was inferred to be 164.87 oxyd of lead 
(containing 1 l.7f) oxygen) to of pure tar- 
taric acid. Hence the 235.1 of tartrite of lead 
before mentioned contained 88.75 of tartaric 
acid free from water, and 11.25 of water; or, 
(in the same proportions) 100. parteof pure 
tartaric acid combine with 1 2.7 of water, coii- 
taining 11.2 of oxygen. As this 11.2 does not 
very much differ from 1 1.79, it ma;^ therefore 
be inferred (making allowance for inaccuracy 
of experiment) that the water and the oxyd of 
lead saturating 100 parts of pure tartaric acid 
contain the same quantity of oxygen. 

Citric Acid. 100 parts of dry citric acid were 
dissolved in water, mixed with 300. of oxyd of 
lead, evaporated to dryness and dried for some 
hours at a heat above boiling water. The re- 
sidue weighed 379. parts, and honce there was. 
a loss of water from the acid amounting to 
20.85 per cent. Another 100. parts of the 
same citric acid combiticd with lead from the 
acetite, as in the foregoing experiments with 
tartaric acid, gave 237.56 of citrat of lead. 
Another 100. of the same citric acid heated on 
a sand batli till it first melted and then hardened. 


but lost 7:98 

1(W. of lead in^ted with 

sulphuric" acid, gay^ 90.56 of sulphat of lead, 
contaiii 6&66 of Oltyd of lead, and hence 
‘^\pp8iri6n of citrat of lead.is l.of acid to 
of; lead. From these data^the in- 
fereticeS (which need not be gone over at length) 
are, that 100 parts of mere citric acid saturate 
as much oxyd of lead as contains 14.13 oxygen : 
that 100 parts of the crystallized acid contain 
20.85 of water^ 7.08 of which may be repelled 
byhdat alone, therefor be consideredas 

zoater of erj^stt^Hzation ; and the remaining 
13.77 is the zoj^er of composition^ and the 
former is (within a trifling difference) half the 
latter. Moreover, 100. of real citric acid will 
unite to ] 7.. of water of composition (which 

here actsthe partbf a base, as it is expelled only 
by displacing itT by the intervention of another 
base) and this 17.14 of water contains 15 of 
oxygen ; and this quantity of acid also combines 
with 8.52 water which contains half this quantity 
of oxygen. Hence (making large allowance for 
inaccuracy) the oxygen of the water of crystal- 
lization in citric acid being taken as 1. that of 
water of composition, and also that of ilie sa- 
turating portion of oxyd of lead are each about 
2. which agrees with the law of composition 
laid down. * 

Many other saline substances examined by the 
author were found tolerably well to agree with 
the above law. For example, 100 parts of cry- 
stallised sulphat of iron contain the following 
elements, viz. 


Sulphuric acid 
Suboxyd of iron — 
Water — — 


28.9 

25.7 

45.4 


conuming 


17.34 

.5.8 

40.16 


oxygen 


tlicTefore the oxygen of each of these three 
dements is respeenvely in the proportion of 
.1. 3 and 7- 

The author gives many other experiments on 
this subject from which he deduces the following 
Jaw, namely, that in every compound of three 
or more oxydated sub^ances, the oxygen of 
that constituent part which contains the least 
quantity of it is a common divisor for the other 
quantities of oxygen. And where one of the 
compounds is xcatef its oxygen is equaj to thivt 
of the base multiplied by some integral number. 
But it docs not always happen that the oxygen 
in the water bew the same simple ratio to that 
of the acid ; tl^gh each of them are measured 
by a simple rnuUmlication of that of the lowest 
base. Thus in the case just ‘stated, the oxygen 


of the water is to that of the base as 7 to 1, 
and that of the base is to that of the acid as 1 
to 3 ; but that of the water is to that of the 
acid as 7 to 3, which is a ratio that cannot be 
expressed by an integral number. 

AL AJ^rrE. See' Augite. 

ALAUNSTEIN. 

A specimen of this mineral was found by 
Klaproth* to contain 

.55.5 silex 
19. alumine 
16.5 sulphuric acid 
4. potash 
3. water 

. 98.0 


Journ. de Phys. Ixxi. d 
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From <ihe i^oncurrence of ty$ analyda with thiiilf ir it. th9^^;albiimen which holds irt solution 
that of Vau^elin» it may be c^nclud^, that the,^yd of iron lAet with in the blood, 
the above are ihe ingredients which enter into Brande has given some very valuable 

the compostion of the alum-stone of La Tolfa^.,, fat^^spccting the detection of small quantities 
The difference in the respective pr'opoigy|Kh%pf ^l^wfeen by the galvanic action.® When 
obtaiiie^by tljese able chemists depends iti,J^i cwductors from a galvanic battery are 
no doubt, on a wan?" 6^ perfect uniformity "w Brougjb^ near each other- in white of egg, an 
different portions of the mineral itself. immediate and rapid coagulation takes place at 

A£BUMEN. * the negative wire but only a thin film , of albu- 

Dr. Bostock has given some useful obser- jhen forms at the positive wire. This has been 
vations concerning this substance. * When explained on a^^Jdea first suggested by Dr. 
white of egg is coagulatcw by heat and then Thompson, namely that the fluidity of albumen 
long digested in water, aboutfa murth part is dis- depenus on the presence of alkaline matter^ 
solved, the remainder being juntbuched. White the separation of which at the negative pole 
of egg also loses about per cent, of its causes tliQ albumen to assume a solid form, 
weight by gentle drying, wnich lo§3 appears to Pursuing this idea, Mr. BranJe coagulated 
be pure water. When water containing only some white of egg by heat and then extracted 
a thousandth part of pure albumen isTiea ted to by hot water that portion of tlie coagulum 
boiling its presence is indicated bk^a^pcrceptible which (as observed by Dr. Bostock) is again 
opacity. The pure albumen hero mentioned soluble iii water, this solution was then oxpxxseJ 
is reckoned to constitute 15^- per cent, of the to the galvanic action, and a copious coagii- 
eiitiro white of egg. A solution of albumen of lation took place at the negative pole, 
the above strength is rendered milky by a few The decompo.sition of liijuitf albumen by 
drops of corrosive sublimate solution, and after voltaic electricity takes place liowcver in very 
a while a curdy precipitate collects. Nitro- different ways according to the power employed, 
muriate of -tm has a similar effect but is not When the power is comj>:n ativeIy high tlie 
quite so powerful. Equal parts of an infusion coagulation goes on rapidly at the negative 
of galls (half an ounce to half a pint of waterj pole and only slowly at the positive ; whereas 
and a solution of xTrxTvof pure aloumen fonii a with an extremely low power, the coagulation 
precipitate after standing a time. Goulard’s is comparatively rapid at the positive surface^ 
extract (a saturated solution of litharge in hot whilst an alkaline solution of albumen continues 
vinegar) precipitates albumen very speedily. to surround the negative pole. It would ap- 
Most of these and other substances which pear also that gelatine is not precipitated by 
coagulate albumen also act upon other animal galvanic action as albumen is ; which may 
fluids, but Dr. B. considers the coagulation by afford an useful mode of analyzing and'sepa- 
heat alone and by corrosive sublimate as ex- rating a mixture of these two* fluids, and also 
clusively belonging to albumen when compared of distinguiihing a solution of albumen in al- 
with jelly and mucus. When corfosivc subli- kali |’such as exists in the scrum of blood) from 
mate is first added to a solution o'f albumen real jelly, which, when concentrated, it reaem- 
and heat afterwards applied, the coagulation is blcs, in having a gelatinous appearance. Thus 
very complete, and the coagulum separable from on mixing a solution of isinglass wUh sevunv 
a very dilute solution, but then it is a solid of blood and exposing the mixture to galvanic 
compound of albumen with oxyd of mercury, action, the albumen of the scrum was- first se- 
The solution of tan, though coiisidevod as the parated by this means, after wdiich an addition 
appropriate precipitant of jelly, will also affect of galls aetected the jelly of the isinglass ap- 
a solution of albumen, though not to the same parently unaltered^ 

degree, and the compound precipitate of tan and Professor Berzelius in his elaborate atin]ysis< 

the animal matter is not so dense and separable of the blood * •(which will be further noticed 
from the liquid when albumen is present., under that article) finds that a solution of 

Almost every metallic solution is precipitated albumen, such as exists in the serum of blood, 
by albumen, ** and this precipitate then cpnsists will readily, dissolve many metallic salts par- 
of acid, metallic oxyd and albumen^ but it is ticularly the suboxyds of iron, rhis solution 
again soluble more .or less completely in an • is readily made, and is green when the black 
excess of albumen*. Hence it mayjbe^ inferred oxyd is used and becomes yellow by exposure 

B PJiiL Joura. vol. 11. and 14. ^ ThA^rd. An. Cliim. torn. 07. ® Phil*. Tra.^!i. fur 1809 &L 14S12.. 
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tortile air, with deposition of oxyd« A 
mineral acid precipitates the albumen cplour* 
less and retains me iron in solution ;^|phe 
prussiates alone do not disturb the solutS^ '^of 
iron ill albunienj but on adding a Uttl^muriatic 
acid, an exquisitely beautiful blue pt^ciplta^? 
falls down, which is a compound of J^ussiati 
blue and albumen. 

The same author finds (as indeed has every 
other) that there appears to be very little dif- 
ference betiveen libriii an4>{;&lbumcii except 
in the mere circumstance that albumen does 
not coagulate spontaneously, and albumen seems 
to be intermediate between fibrin and the colour- 
ing matter of blood. Tlie ash of coloured al- 
bumen is white ; it contains no iron, but shews 
a little soda, pliosphate^ and carbonate of lime, 
and some magnesia. 

The ultimate analysis of albumen when de- 
composed by combustion with oxymuriatc of 
potash is thus given by Messrs. Gay Lussac 
and Thenard.’^ JOO parts of albumen supposed 
to be free from ail earthy and metallic parts, 
contain, 

Of carbon ........ 52.883 

Of oxygen and hydrogen in thel jgj 
proportions to constitute water J * 

Of hydrogen in excess .... 4.285* 

Of azote 15.705 

100.000 

Tlic albumen here employed was white of 
egg, dried as much as possible in a boiling 
water heat. Sixteen grammes left after cal- 
cination iiT open fire 0. 07(i of a gramme. 

In the results of this analysis of the propor- 
tion of its clcjncntary ingredients it is found to 
agree most closely with fibrin. (See Analysis 
in this Apprndi.r.) 

ALCpHOL AND ETHER. 

Muriat of lime affords a still better means 
of bringing alcohol to the highest degree of 
rectification than subcarbonate of potash, or it 
may be used after the alkali has ceased to 
exert its power. Dry muriat of lime added to 
alcohol already highly rectified will produce 
two liquors, the lowest a watery solution of 
the salt, the highest a spifit which when 
carefully decanted and redistilled at a gentle 
heat, will afford alcohol of extreme purity and 
strength, the first distilled portion is the light- 
est and therefore the purest. 

^ An elaborate series of experiments on the 
ultimate analysis of alcohol and ether, has been 
undertaken by Th. d«* Saussure, ® in methods 

* Kecherches lUiysico-Cbt'miqucS| tom. e. 


somewbilt diflifring from that bf jj^voisicr. 
T^e oiNnratioti pfanalysis consists fundami^tly 
in combining the alcohol whn the utmd^ 
^^ssible quantity of oxygen, so as to reduce V 
into carbonic acid and.jitcat^, (which 
- that of Lavoister) ajiid calculating 
fSiiil- the known proptcvnons of tliese sub- 
stances, those ^ of the respective constituent 
parts of alcohol'. * • 

Several data must be laid down as elements 
of these calculations, and those assumed by 
M. de Saussure the following : 

100. parts of W;!||ffer contain by weight 88. of 
oxygen and JSbf hydrogen, 9. parts by measure 
of hydrogen saturate one measure of oxygen to 
form water. ^ t 

^1000, cub. iiieh. of hydrogen g:is (Bar. 28^. 
Ther. 10*^. Reau.}at (he point of extreme dryness 
weigh 34.303'grs. (French weights &' measures.) 

lOOO. cub. inch, of oxygen gas under the 
same heat and pressure but at the term of cx- 
inolsturc weigh ,512.37 grs. 

1000. cub. inch, pf carbonic acid, under 
the same circumstances as the last, weigh 
0*93.71 grs. 

Carbonic acid contains its own LiiTk of oxy- 
gen gas. • 

, 100. part's by weight of carbonic acid gas at 

the point, of extreme humidity contain 20. 
parts of carbon. 

'Fhc alcohol here used had the specific gravity 
of 0.792 at 10*^. Rcau. (08®. Fahr.) and was 
obtained by distilling common spirit of wine 
from half its weight of muriat of lime dried 
nearly at a red heat, and drawing off only half the 
liquor; and again distilling this fron^ its own 
Weight of muriat of lime and drawing only half. 

This alcohol was buVned in three different 
way^s. 

Uhe first, (which w^as that of Lavoisier) w’-as 
to burn it in a lamp under a receiver filled 
with oxygen gas. 

The second, w\is to detonate its gaSvSeous 
vapour with oxygen gas in Volta’s Eudiometer. 

The third, was to decompose it by passing 
it through a red hot porcelain tube. 

The exact process of the first mode differed 
in s<fme particulars from that of Lavoisier. 
Froip this the composition of 100 parts of the 
alcohol used was estimated as follows : 

Carbon 3(>.8.90 

Hydrogen . . . . . . . 9.36*5 

Oxygen and hydrogen as water 53.745 


100.000 

* X. Phys. tom. 64, or Phil* Joura. vol. !31, 
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Of tlic ix^ove 53.745 of water, the oxygen 
IS 47.296 a!i*d the hydrogen th^efore is 6.449, 
which adder! to the 9.365, gives 15.814 for 
the entire hydrogen. 

As these results difFered considerably frciili 
those ol Lavoisier, M. de Saiissure repeated 
the c:.VoriniPnr^rrv.h akohiol rectified by dis- 
tillaticfli alone without atUlii'on j but after making 
disallowance for iJie p'hs^ortion of wMter in 
this lower alcohol (from Kichter’s tables) tlie 
composition of the pure akollol contained lhci*c- 
in, hardly dillerccl from th4 former w'hcrc this 
alcohol a\:)ne was employeett Hence the com- 
parative accuracy of the expciriments w\as proved, 
and also the important point w'as proved ihat 
alcohol thus highly rectificdfby distillation twice 
from muriat of lime, does not; sensibly approach 
to the nature of ether, as has been supposed. 

The second mode of analysis was by deto- 
nating tlie vapour of this alcolioi'^vith oxygen 
in V'olta’s tube by the electric spark. Tliis 
Iiowe.vcr would not detonate without the mixture 
of a little hydrogen. The fumes left after the 
detonation had no smell of burning* spirits. 
After all calciilatioHs the composition of the 
alcohol fronv^his experiment is : 

... .. .. . ^ ^ ^ 4 ^^'.82 

Hydrogen. . • 15.82 


Oxygen 


41.36 

100.00 


•The third mode of analysis wms by passing 
the alcohol through a red-hot tube and ex- 
amining all the products, an operation of great 
length aiul very complicated. Several foreign 
substances w'cre tliiis detected in the alcohol, 
such as potash, lime, si lex and acetic acid, but 
ill very minute quantity. The immcdittlc pro- 
ducts of the wdiole process were a carbnretted 
hydrogen gas, w^ater, oil, charcoal and ashes. 
Of these the gas was in by far the greatest 
proportion, and was analyzed separately. 

The composition of alcohol derived from 
this last process, agreed very nearly with the 
last mentioned, it was : 

Carbon .... 43.65 

Oxygen .... 37.85 

Hydrogen • . . 14.95 

Nitrogen . . . 3.51 

Ashes .... 0.04 


100.00 


tion of nitrogen w'hich escaped notice in tlie 
former experiments. 

Sulphuric Ether. This fluid was analyzed 
alsQ byM. Theod. de Saussiirc, both by trans- 
mission tlirough a red-hot porcelain tube, and 
by the detonation p£ its clastic vapour. In tlic 
former method the ether was entirely decom- 
posed and the immediate products were a large 
quantity of oxycarhuretted gas, amounting to 
near nine tenths of the weight of the ether, some 
oil and some chs|,rcoal deposited in the tube. 

The ultimate?^' analysis of ether gave the 
following results : 

100 parts of ether contain 

Carbon .... .'j9. 

Oxyg«ii .... 19 

Hydrogen ... 22 

100 


This result however shews a small proper- 


Hence in equal weights ether contains much 
more carbon and hydrogen than alcoliol, but 
less oxygen. The author cndcavo lived to as- 
certain what quantity of ether a determinate 
weight of alcohol would produce. By dis- 
tilling alcohol first with sulphuric acid and 
then rectifying the residue by several alternate 
distillations from a solution of potash and fresh 
sulphuric acid, he obtained from 100 parts by 
weight of common spirit of wine, 2.5.2.5 parts 
of ether in the first process ; 10.3 in tho 
second ; and 3.2 in the third, reckoning as part 
of the product the actual loss of weight during 
each distillation, which is here coiisideced as 
etherized vapour. The sum of these products 
and Josses of ether amounts to 38.75, which 
is nearly half the w'cight of the pure alcohol 
contained in the JOO parts of the common 
spirit of wine. These experiments, like most 
of the others maile on these substances with a 
view of analysis, are confessedly only approx- 
imations to accuracy, being laborious and com- 
plicated. 

Nitric Ether. An elaborate and important 
series of experiments on this and many other 
ethers has been performed by M. Thenard, ® 
from the particulars of which the following 
description of its properties is deduced. 

Nitric ether is a very Inflammable,^ odorous, 
pungent liquid, somewhat lighter than alcohol, 
and soluble in this fluid in all proportions; 
almost insoluble in water, though when mixed 
with it giving it the smell of rennet apples; 
decomposable by heat and forming nitrous and 
acetous acid; soluble in every gas, and with 


« Mem. d'iVrcueil. tom. 1. 
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the nitrous and acetous acid gasses, producing 
a most intimate combination which can with 
diiRculty be separated by alkalies. Nitric ether 
reduced to its ultimate elements is thus com- 
posed : 

Azote • • . . 14.19 

Carbon .... 28.(15 

.Oxygen .... 48.52 

Hydrogen . . . 8.54 

100.00 

Nitric ether Is obtained by distilling equal 
parts of highly rectified alcoliol and nitric acid. 
KKK). parts of the mixture give about 1(>() of 
pure etlier, hut for tliis purpose the gas.seoUsS 
product, wliich is very abin’.dant, must be 
passed through five or six bottles Iialf full of 
saturated brine, and cooled by ice or snow and 
salt, or some similar freezing mixture ; and the 
retort it.‘‘clf must be frequently cooled witli 
cold water to moderate the action of its con- 
tents. All the ctherial liquors contained in 
the bottles must be then collected and freed 
from their acid, by being shaken in a bottle 
in contact with lime. 

The gas disengaged by tlie first distillation is 
very abundant, and consists of much nitrous 
oxyd, a little nitrous gas, azote, nitric, acetic, 
and carbonic acids, togotlier Mutli a good deal of 
ether, most of which however is separated by 
the intense cold of the apparatus. 

If tlie distillation is sioppcd when no more 
ether is given over, tlie residue contains iieaVly 
three fifths of the wliole mixture, and is yel- 
lowish, acid, alcoholic, and contains nitric and 
acetic acids. 

Nitric ether, or etherized nitrous gas, may be 
decomposed by potash, in tlic latter case by 
frequent agitation with a solution of the alkali, 
in the former by being added to an alcoholic 
solution of potash. After a day or two the 
decomposition is compleat, and the residue 
contains alcohol, nitrite and acetite of iiotash. 

Alurtatic Ether. The properties of this 
ether have also been examined by M. Thenard. 
Muriatic ether may be made in various ways, 
with more or less ease, both by di.stUling 
alcohol atid the metallic muriats, and also by 
the direct union of muriatic acid and alcohol, 
,as we have mentioned in the Chem. Dictionary. 
M. Thenard prepared it in the following way : 
equal volumes of alcohol and muriatic acid 
both highly concentrated, were put into a 
retort (with a few grains of sand at the bottom 
to avoid the spirting up of the contents when 


boiling) and well shaken, and tlietf set over n 
furnace. A tubd of safety connected the retort 
with a tubulated reci.ivcr, doublof^the size of 
the retort, and partly filled with water so as to 
immerse the end of the tube. Anoilier tube 
proceeded from the receiver to. the first of a 
series of bottles also fiiJetl-v.'irii water: ^ The 
retort was gently heatetj-^'^'and bubbles of’^pthc- 
rized gas soon appeared, mixed with 
alcohol, acid, aiul water, all of which last were 
detained in the reefnver, whilst the pure gas- 
scous ether passed v >n in great abuiulance in 
proportion as the Wifter became saturated with 
it. This gas is colJjrlcvs, strongly ethevial to 
the smell, and taslPs saccharine, particularly 
when dissolved in It has no action on 

litmus, violets, nor lime-water. Its sp. gr. 
is 2.219 at 04® Falir. (common air being 1 .00) 
and at a medium pressure aiiil the above ten^- 
perature is in its own bulk ot water. 

It becomes liquiil at 52®. Fahr. and hence the 
liquid etlier may easily be obtained separate, 
by comlucting the gas into an empty ve. .scl 
surrounded with ice. The liquid ether also 
has no eficct on litmus. Itr «^pecific gravity at 
41®. F. is .874. When poured Ol^tlle hand it 
immediately boils and evaporates, prcVdilcing 
much cold. It does not congeal at — 20®. F. 
At a medium temperature and in a short time 
this ether, whether gasseous or liquid, shew'-s 
no trace of muriatic acid either by the action of 
alkalies or by nitrat of silver \ but the moment 
that this ether is burned, so large a quantity’ orf 
muriatic acid is set at liberty as lo diflu.se its 
sulTbcating vapour all around and to be mani- 
fested by all the proper chemical tests. It is 
therefore a peculiar property of this ether to 
contain a large quantity of murl.itic acid in a 
state which is not readily detected except by 
combustion. 

Muriatic ether, botli liquid and gnsseoiis, 
is slowly absorbed by a solution of potash in 
water or in alcoiiol, at a low temperature. At 
first no muriatic acid appears to combine with 
the alkali, but after a considerable time a little 
of the acid separates, though partially, and 
becomes sensible by the test of nitrated silver. 
15 lit by raising the temperature this separatioii 
of the acid becomes much ii ore rapid. 

The sulphuric ami nitric acids in like manner 
have but little action on the ether wdien cold, 
but decompose it rapidly when heated. On 
the other hand ox y muriatic gas and muriatic 
ether, act. upon each other immediately at a 
common temperature, and a large quantity of 
muriatic acid appears. 
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Some experiments have be<^ made with the 
eainc view fs those above mentioned, by M. 
Belli 'I'lie muriatic ether was prepared 
in the following way. Muriatic acid gas, dis- 
eng;v^ed from drie:i common sdt and sulphuric 
acidj^vas par-jc-t? -h rough 1(K)0. parts of pure 
alcohol by a suitable c^jmaratus, and 6S0 parts 
of acid gas were alr'orbed, during wiiich 
tfTe temperature (at first /)G?. F.) was raised to 
7i>°. F. "I’he alcohol thus jsaturated with mu- 
riatic acid gas was colourNess, of an oily con- 
sistence, of i.I.hl' sp. gr.| smoking when ex- 
posed to air, miscible witm water, but with the 
disengagement of heat andjbubbles of air smel- 
ling fctrongly of etlier. l|iis muriated alcohol 
MMS distilled separately, and the products re- 
coiveil first into an empty bottle, kept at the 
Icnperaturc of ] to I7 '\ F. by miiriat of 
lime and snow, and bcyoml iTTiT.)^ into water. 

he distillation from the retort took place at 
about S()'\ and most of the etherized gas con- 
densed in the empty bottle into a liquid, which 
after washing with potash appeared to be pure 
muria ic ethei^ — - 

M. 'fhcn;?ftf^states in a note (Mem- Arcueil, 

• tbmV l.'pTfgc I.)!} his surprize at learning that 
his experiments on the production of muriatic 
ether by muriatic acid and alcohol alone, which 
he considered as nearly original, had been 
. anticipated by 1} isse, a chemist of Hameln, 
who prepared the ether by sulphuric acul> 
alcdhul, and common salt, and by Gchlen who 
Iiad repeated Basse’s experiment. It appears 
however that Schccle discovered most of the 
remarkable properties of this ether, and pointed 
out its gasseous form, its peculiar sensible 
qualities, its giving no indication of acidity by 
litmus or nitrat of silver Oejore combustion, 
but abundantly aflcrzcnrds. 

Muriatic etner is also made (as mentioned in 
the Chem. Dicty.) by distilling some of the 
metallic muriats or hatters with alcohol, a 
process described by Schcolo, Rouclle and 
Courtanv.uix. 'Fliis was repeated by Thenard 
with a Utile variation. A mixture was made 
ill a rci ort of 7 parts of highly rectified alcohol 
and parts of muriat of tin. A tubulated 
long-necked matrass was connected with the 
retort, and a Woulfc’s apparatus was annexed. 
Xhe matrass was empty and kept cool, the 
other bottles were full of water. On mixing 
the materials, a hissing noise like the quenching- 
of hot iron in cold water was licard, and a very 
great heat was excited, 'riie distillation #as 
continued at a boiling heat till nearly ail the 


alcohol was driven over. No gas whatever 
was generated. In the retort was left a hard 
yellow muriat of tin ; the matrass contained 
I wo strata of liquids, the lower, M’hich was in 
sniali quantity was a st)lution of muriat of tin ; 
and the upper Avas a thick liquid stroiit^ly 
etherial and alcc.hoiic, with a sharp metallic 
tiistc, reddening litmus, and ilejicsitiiig oxyd of 
tin on saturation with alkali. This liquid w as 
diluted with water and rcdistille<l, and the 
products were alcohol, etlierizcil gas and muriat 
of tin. The etherized gas on further exami- 
nation was nearly, if not absolutely, identical 
M'ith the gasseous muriatic ether obtained by 
the former processes. 

M. 'ITenard in n subsequent memoir gives 
his €‘xperimcnts on the ultimate analysis of 
muriatic ether, though confessedly imperfect*. 
An essential part of this inquiry was to discover 
the proportion of nuiriatic acid, or its elements, 
combined in the ether. For this purpose a 
given quantity of muriatic acid and alcohol 
were put into a retort and distilled, with jiroper 
precautions to collect all the products, licpiid 
and gasseous, and those were afterwards sepa- 
rately examined. The quantity of muriatic 
acid entering into the composition of the ether 
was estimated by comparing the quantity of 
potash required to saturate the acid in the 
retort before and after the distiHation, all the 
loss of acid from the retort being supposed 
to enter into the composition of the ether. 
From these data it would appear that rnuriatic 
ether contains full Di) per cent, of its weight of 
muriatic acid of an equal degree of concentra- 
tion as exists in fused muriat of potash. 

Action of Ojrj/muriafir Acid upon Alcohol. 

Xhe mutual action of these two substances 
was first examined by Scheele, and afterwards 
by lierthollet, Fellctier, and other chemists. 
I'Jiey have noticed th:; production of a green 
oil in the process, and of a quantity of ether* 
M. Thenard in repeating this estperiment em- 
ployed 300 parts or alcohol, and passed through 
it tiie oxymuriatic gas arising^ from 1750 parts 
of common salt, 450 of black oxyd of man* 
gancse, and 800 parts of sulphuric ^id diluted 
with as much water. The gas was nrst washed 
by transmission through water, and then sent, 
into the alcohol, and the whole was absorbed. 
'I'he liquor contained a greenish-white oil, and 
a great excess of muriatic acid. On rec- 
tification with alkali no ether was obtained^ 
but only an alcoholic liquor holding more of 


^ An, CUim. tom. 63 . 
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the same oil in solution. This in some respect 
agrees with the result of Dollfuss’s experiments 
before mentioned ^ ^ so that it seems still doubt- 
ful whether true muriatic ether is formed by 
the mere transmission of oxy muriatic acid 
through alcohol. 

Phosphoric Kther. 

The following process is given by M. 
Boullay ^ for the preparation of phosphoric 
ether, the existence of which had been doubted 
by several chemists. To a tubulated retort 
placed on a sand-bath was joined a tubulated 
receiver connected with a Woulfe*s bottle full 
of lime water and with a pneumatic apparatus. 
Into the retort were put 500 grammes of pure 
phosphoric acid, made by acidifying phos- 
phorus by nitric acid, vitrifying the acid, re- 
dissolving and evaporating it to the consistence 
of honey. A glass vessel similar to the Acid^ 
Holder^ open at both ends and terminating at 
one end in a long tube witli a stop cock, was 
fitted to the tubulure of the retort, the length- 
ened tube dipping into the phosphoric acid. 
The receiver being kept cool by a mixture of 
salt and ice, the acid in the retort was heated 
to about Fahr. Then 500 grammes of 

alcohol were let down, drop by drop, into the 
heated phosphoric acid. A violent ebullition 
took place on the mixture, which turned 
black, and numerous streaks of condensed 
vapour immediately appeared on the neck of 
the retort. The fire was kept up till the 
contents of the retort were dry. 

There passed into the receiver, 

1st. 120 grammes of weakly etherized al- 
cohol. 

2d. 260 grammes of a clear, light liquid, 
smelling much more strongly etherized than 
the last. 

Sd. 60 grammes of water saturated with 
ether, on which floated about four grammes of 
a yellow cmpyreumatic liquid resembling oil 
of wine. 

4th. Another liquid insupportably fetid, red- 
dening litmus and effervescing with carbonat 
of potash. When saturated with this alkali it 
afforded acetite of potash. 

The lime water became turbid only at the 
end of the distillation. 

The gas collected had a sweet penetrating 
smell, burning with a white flame and deposit- 
inga copious black soot. 

The two first products of the distillation 
being mixed and rectified by gentle distillation 
from muriat of lime, gave 60 grammes of a 


f 

very pure ether strongly resembling sulphuric 
ether, in its partial solubility in walf^r, rapid ( va- 
poration in tlie air, burning with a white flanio 
and smoke, and leaving no marks of acidity 
when kindled on the surface of wMter. 

Alcohol and the Vcgilah^'^-ArMs, 

Most of the vegetabl^r^cids dissolve iL alco- 
hol, but the spirit separable again dis- 
tillation in an una^cred state from all but the 
acetic acid, and evcpi this latter will not convert 
alcohol into ether vithout frequent cohobation, 
or the use of somekf the dry acetites. 

But if a small Aortion of any of the con- 
centrated mineral at^ids be added to the vege- 
table acid and alc^ihol before distillation, a 
most striking difference of result is observed. 
The alcohol is changed more or less compleatly 
into ari ether or a substance resembling ether, 
consisting off^n intimate combination of the 
alcohol and acid, which hardly if at all shcw.> 
any acid properties before combustion, but 
gives a large quantity of acid afterwards. This 
curious subject was first undertaken by Schcele, 
who shewed by experimen** the facility witli 
which the addition of a little jt^uriatic acid 
promotes the separation of acetic "etirci’ irom' 
acetic acid and alcohol, and observed a singular 
product obtained in this method from benzoic 
acid, muriatic acid and alcohol, but failed in 
procuring any particular results from the tar- 
taric, citric, boracic and succinic acids. This 
subject has also been examined with s6me 
minuteness by M. Thenard. ^ 

Some of the experiments we shall mention. 

Benzoic Acid^ Alcohol and Muriatic Acid, 

30 parts of benzoic acid, 60 of alcohol, and 
15 of concentrated muriatic acid, were distilled 
till two thirds of the ingredients had passed 
over. No gas but common air appeared, and 
scarcely a trace of muriatic ether. The first 
distilled product was only alcohol, but after- 
wards a peculiar matter came over dissolved in 
the spirit but separable by water. 'The retort 
also contained much of the same substance 
which had congealed to the bottom. It was 
separated from ali the other matters by washing 
with hot water in which itself was hardly 
soluble. This substance was yellowish, pun- 
gent, somewhat heavier than water, fusible at 
from 76°. to 86°. and volatile at about 176°« 
F. it was acid, oleaginous, nearly insoluble in 
cold water, but considerably s^uble in hot 
water and in alcohol, from which last it was 
precipi table by water. When the excess of 


* Chem. Diet, article Eihtr* ^ An. Cluin..toin. p. 192. • Mem. Arcucil. turn. 2. 
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lacid saturated with an alkali it ttlll re- 
mained white, pungent, and odorous, and 
quite liquid at a common temperature. "When 
“*■ Auug agitated with liquid . potash it gradually 
wasN^bsorbed without the disengagement of 
jany.,jgK, and anneared to be resolved into 
ah^^Stgl/and benzoic aef^U but no muriatic, and 
yet it Cannot be formed the direct distillation 
of^Wiizoic acid and a Icohol^v without the inter- 
vention of the muriatic acid. j 

The citric, oxalic, and mAlic acids, distilled 
with alcohol and a little suMiuric acid, all gave 
a peculiar substance somewHat resembling that 
from the benzoic acid. \ 

Acetic Kihcr. ^0 parts^f acetic acid con- 
gealablc at F. were distilled once with jO 
parts of alcohol of .800 sp. gr. It required 
much heat to bring the mixture to boiling, and 
only a very little acetic ether wav^oroduced. 

'Fhe same experiment was repeated with the 
addition of 5 parts of strong sulphuric acid : 
i.O parts of the acetic acid disappeared, the 
ether was produced with singular case and 
almost without hcatj and as much as 40 parts 
were obtained I'irfiis appears to be a very simple 
and- Qycellcki’t process, and the ether may be 
rectified easily by a little potash even without 
a second distillation. 

Acetic ether may also be made very well by 
^ Scheele’s method, (Chem. Diet, art. Ether.) 
'The following are given by M. Thenard as 
good^ proportions : 3 parts of acetate of potash, 
3 parts of strong alcohol, and 5=? parts of con- 
centrated sulphuric acid, distilled to dryness. 
The product agahi slowly distilled with a fifth 
of its weight of fresh sulphuric acid, will give 
as much rectiiieiL acetic ether as the alcohol 
employed. The sulphuric acid should be al- 
ways concentrated. Any other neutral acetite 
will answer the same purpose, and the dose of 
sulphuric acid should be somewhat more than 
will saturate the base of the acetite. The 
neutral acetites distilled per se yield a peculiar 
Substance called Pi/ro-Aeetic Spirit^ already 
described in the article Atxtic Acid in this 
appendix. M. Thenard infers as a general 
Jaw, from these and other experiments, that 
when the vegetable acids are pure, none of 
them, except the acetic, will combine with 
alcohol in such a way as to lose their acid 
properties; but when a mineral acid capable of 
strpngly condensing alcohol is added, ail these 
vegetable acids acquire the property of uniting 
with alcohol into a peculiar compound which 
^hews xio acidity till the compound is again 


decomposed by heat or alkalies, and which 
does not contain any of the mineral acid neces- 
sary to its formation. 

Alcohol — hoiC produced from fermented 
liquors. 

In our original article Eer mentation,^ rol. I. 
p, 431 ) we mentioned that a question has 
arisen whether alcohol exists ready formed in 
fermented liquors, or whether it is a protract 
generated from them by the act of distillation. 
Mr. Brando has given some expi-rlments on 
tills subject in w'hich he favours the former 
opinion. ** Fabbrqni who advanced the latter 
of these two opinions, asserts that though dry 
carbonat of potash will not separate any alcoliol 
from wine in its natural state, yet if as little as 
a hundredth part of alcohol is purposely added 
to wine, this addition will be made apparent 
by mixing dry .subcarbonate of potash to the 
wine. Mr. Brandc however did not find this 
to be the case w^Ith the wines which he em- 
ployed ; for wlicn 4 oz. of the dry alkali were 
added to 8 oz. of port wine, both pure, and 
mixed with J of alcohol, no separation of spirit 
took place in either instance, but the mixturrc 
in both cases divided itself into two portions, 
the lower of wdiich was a saturated solution of 
the alkali, and the upper was a gelatinous mass 
containing apparently all the colour and extract 
of the w’ine, uniformly and undistinguishably 
mixed with the spirit. Nevertheless as it was 
found that very exactly the same proportion of 
alcohol was yielded by pure wine, when dis- 
tilled at diflerent temperatures, (the boiling 
point being rai.sed artificially in some of the 
experiments by adding muriat of lime) .the 
author conceives that this is a sufficient proof 
that the alcohol is not formed but merely 
expelled from the wine by distillation, since if 
it had been actually formed in the process, he 
supposes that a change in the boiling tem- 
perature inu.st have influenced tlie product of 
alcohol in one way or otI*cr. 

A much more satisfactory proof of this 
opinion with regard to tlic formation of alcohol 
is however furnished by the same chemist in* 
hif last paper, in which he first precipitates all 
the extractive and colouring matter frp|;n wine 
by the subacetate of lead, and tlu n thd? addition 
of the alkali separates the alcohcd from the 
wine thus clarified in a very tlisiinct manner*. 
One measure of a saturated solution of the salt 
of lead added to 8 measures of port wine, and 
shaken for a few minutes and thrown on a 
filter, gave a perfectly clear and colourless- 


k Trans, for ISll 18^13. 
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Uqnifi, from v/lncli on the arhlirloii of tlry sub- 
carbi'Mat of por.i jli the ai :ohol sepaiMtCti rapidly, 
blr. liraiulc ibir.id by c.-:;perimoiUS with alcohol 
and C')iv^\irod water, that this inoile separated 
the spirit almost totally from the rnixture, 
whence it is reasonable to infer that no spirit 
whatever is generated by dLstilhition, but only 
expelled from the fermented liquor. 

The subacetatc of lead is prepared by boiling 
tvi’'o parts of sugar of lead with one of finely 
powdered litharge, in six parts of water. It 
should ho kept carefully excluded from the 
air which is constantly converting it to insolu- 
ble carbon at of lead. * The’ effect of this sub- 
acetate in separating all vegetable matter from 
infusions of vegetables has been long noticed 
by Dr. Bostock and other experimental chemists. 

ALCOHOL OF SULPHUR. Sec Sui.- 
PHUR, Alcohol of. 

AIJCAId (FIXED.) 

Potash and sotla prepared from the carbonats 
of these alkalie.j by lime, the caustic alkaline 
solution being evaporated to dryness, redis- 
solvcd in alcohol, and again dried and heated 
to redness, have long been considered as being 
in as high a state of purity as can be produced by 
chemical means. Sre Ike Article ( Potash) 
Ckcm.Dict. l ot. II. 

J3ut a most important discovery has lately 
been made which affects the results of all the 
analyses of the neutral salts with a basis of 
potash or soda, and indeed is peculiarly satis- 
factory, as it explains the anomaly, before un- 
acaouiitablc, of the groat difference in the esti- 
mation of these salts when tlie experiments are 
made with tlic dry alkaline carbonats or the dry 
caul^dc alkali. The discovery is, tliat the caus- 
tic fixccL^lkali prepared with the utmost care 
and brouglit to a state of fusion in a red heat, 
is not the simple alkali, but contains a consi- 
derable proportion of f rater ^ which cannot be 
expelled by any lengtii of fusion, though it 
docs not accompany tlie alkali when neutralized 
with an acid and again brought to. the heat of 
ignition. Hence if in any analytical experi- 
ment a given weight of ignited caustic alkali is 
saturated with an acid, and the entire neutral 
salt thence resulting is ignited and weighed, 
it i.s obvk^UsS that if the caustic alkali employed 
be considered as mere alkali, the proportion of 
alkali in the neutral salt will be much over- 
rated, and therefore the quantity of acid re- 
cjpired to saturate WO parts of the alkali will 
be estimated much lower than the truth. 

This anomaly was very accurately stated and 

* Au. Chim. toxa. G8. 


its real cause suggested by M. Darcet, in a 
Memoir read at the French Inst^utc, January, 
ISOS. The experiments of this eminent 
Ciicmist arc (in a few words) the following 
Some very pure subcarbonat of sod.i \vp.' pre- 
pared and saturated witlL,^.diiute ulmrir 
acid, containing exaetj^c^a tenth part 
concentrated sulphu/lc acid of 1.814 vn. gr. 
This subcarbonat yfas found by various anai v.^cs 
to consist of water : I (>.04 of carbonic 

acid, and oJl soda. A hundred grammes 

of this subcarbonaL were exactly saturated by 
3i7 grammes of uhe dilute sulphuric acid, 
equal to 34.7 of the concentrated acid ; which 
would give J 70.5 to of the concentrated acid 
to saturate 100. or the mere soda in the state 
in which it exists in the carbonat. On the 
other hand 100. grammes of caustic soda pre- 
pared by alpd.ol and fused in a silver vessel at 
a red heat, saturated only 1H).6 grannnes of 
the sulphuric acid in one experiment, and l‘i‘d.4 
in another, making a difference of about 50 
grammes of acid in the estimated quantity in 
the two cases. Hence it must follow that the 
soda pri'pared by alcohol contah^s only 71 
72 per cent, of real alkali in^that sfato-tiv-v. Kk 
it exists in the carbonat, both salts being cqualb 
ignited, and therefore that which lias usually 
been considered as pure soda, is properly I/y» 
drat of Soda^ consisting of about 72 of pure 
soda and 28 of water. 

The iie.xt experiments on this subject v-ihich 
we shall mention are those of M. Beriliollet *• 
This eminent philosopher in his Researches on 
the Lau's of Chemical Allinity, has taken much 
pains to determine the respective quantities of 
most of the acids and bases that saturate each 
other, and in this cnejuiry the conip()sition of 
sulphat of barytes came under particular consi- 
deration, as it is a salt very commonly obtained 
in analytical experiments, and its insolubility 
renders it a very convenient basis of calculation. 

It would appear at first to be a problem of 
no great dilficulty to determine the elements of 
this sail, and yet the calculations of equally 
skilful and accurate chemists varied as much 
as to give a difference of from (>7 to 75 per 
cent, in the proportion of acid, which is much 
too gr^at to be accounted for from any of the 
common inaccuracies in chemical experiment. 

On further examination M. Bcrthollet found 
the cause of this difference to be in the barytes 
used. He and M. Thenard employed barytes 
crystallized from its aqueous solution, evapo- 
rated to dryness, and strongly ignited. 
k Mem. d’Arcucil, tom. i?. p. 50 
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Bcrtliier, Richter, Buchohi, ;ind other cqunlly 
clistiiiguisheil chemises Ujecl the b;ir\rtes pre- 
pared from tHe nitrat of barytes by' a strong 
heat, which desfroys the acid aivl leaves the 
baryt 4 ^s pure. In the first instance the barytes 
^ was iil,^re easily fusible than the other, and 
wh^i^ci^id had tnc a^/fearance of a semi-trans- 
parent ass. 'The baryev^ from the nitrat on 
the^c-^ncr hand required a %uiuch greater heat 
for its fusion, and in meltin;]\ absorbed a little 
carbonic acid. By adding little wa.er to 
this barytes it became in cvefy respect like the 
other. 'File barytes from the watery solution 
of this earth, was also stixpgly lien ted with 
iron filings in a porcelain n^jorr, and gave out 
a large quantity of liydro,5;en. From these 
facts the author shews tli.it the barytes from 
the aqueous solution is a !l ■:jih. tu cJ Baryte?, 
containing about 10 per cent, of wpter, and the 
purer form of barytes is iliat which Tiiises from 
the calcination of the nitrat. 

'This discovery led the author to smpect that 
potash might retain water when heated per ,vc, 
and give it op when it enters into saline coni- 
bimitions. 'I he. ])Vlilcipal experiment is the 
following : ^Sorne potash was melted in a silver 
crucible whose weight was known, and kept in 
fusion till it exliakdi white vapours, when the 
cover was lifted off. The crucible with its 
, contents was weighed when cool, and Lo.7\‘J 
gii'innic.s of fuseil alkali wore found to be con- 
tainet]| in it. Tins was dissolved in muriatic 
acid, ;\iul the whole solution with the washings 
was carefidiy evaporated and ignited in >i pla- 
tin.i crucihie, till the muriat of potash was in 
perfect fusion. When cold, the muriat of 
potash weigh e<l grammes, and produced 

with nitrat of silver JS..o8() gr. of well dried 
lima cornea, which (reckoning 17.3 per cent, 
of muriatic acid in lima cornea) indicated 
fi.73t^gr. of acid. Consequently the 
of fused muriat of poiiirh cxuislstcil of 6,752 
of muriatic aciti -nul of potash j but 

15.7.J of fused c. rustic potash was employed, 
and lienee the diilcrence between and 

i‘J.383 f2.l47J ir, the quantity of water con- 
tained in tiu' fused caustic p-tash, which gives 
the proportion of U.fjl of water in 100. of 
fused potash. 

The e\l'*tcnce of a large quinthy of water of 
composition in lused potash is also sbev/n by 
heating the alkali strongly with iron filings in 
a porcelain retort, by wdiich a prodigious quaur 
tity of hydrogen gas is given out. 

It appears however that tliough fused potash 

® Ivtcliciclics Physrico 


gives up a large quantity of its water of com- 
position when neutralized by an acid, yet 
some water is still retained, at least by one or 
other of the cinnponeiit parts of the compound, 
for most saline bodies will give hydrogen when 
heated scron;dy with iron filings. 

IVJcssrs. G:iy-Jjusst»c and 'I'luinrd,*^ have 
alsO/X^ade .scver;ii experiments to d. f ermine r!ie 
quantity of water contained in fused caustic 
alkali prepared with alcohol. A portion of 
fused potash was carefully weighed in a closed 
vessel, it was then taken out, put upon a di.di 
oj pLilini, and introduced into a large glass 
globe nearly full of a measured qiiintiiy of 
c:ivbonic acid, standing ever rnercurv, so tJiat 
tlic aik.dl tliil not touch any portion of the glass, 
i he alkali was iIkui heated very gradually, 
wiH'n it became while on it.s surface, sofienod, 
raplvlly absorb -'ll tl»c c-irbonic acid g.ej, a-.ul ?ti 
so iioing M!ch a quantity of water w.is disen- 
gaged as to trickie down llie sides of tiie gkC'S 
globe, '^riie heat; was very gradn diy raise<l to 
a cherry red. The water was iheii absorbed 
by blotting paper, and the rcm.iini:};;- eaibcuiic 
acid gas measured, and the carbonal of pot.\s!i 
weighed. 

A similar experiment was performed on fused 
soda. 

The results of these w'cre, that; 100 parts of 
fused potash in combining with carbonic acid, 
give up parts of water; aiul 100 parts 

of fused soda give up 23,166. 

The next exporinumt was to combine the 
alkali with i-ilcx by lu^io:i, forming a j]flas.s. 

A given woiglil of the fused alkali and ignited 
si lex were pur into a .silver crucible, and some 
water added to promote an entire mixture bf 
the ingredients, w'hich was then slowly dried 
and igiiited to redness for an hour. The result 
was a perfect glass, which was weighed. From 
this experiment, 100. parts of fused potash 
were found to contain 18.13 of water of com- 
position, and 100. parts of fused soda contain- 
26, i 5 of water. 

'The third experiment was the following: 

A certain weight of fused potash and of fused 
s<^)d;i were saturated with sulphu/ic acid and 
the quantity noted. On the other hand known 
quail titic.s of potassium and sodium were ex- 
posed to a moist air in long nriirow vessels, 
till they were coii verted into their respective* 
alkalies, which were then saturated with the- 
same sulphuric acid as that employed before. ^ 
Hence supposing the alkali produced from the 
potassium and sodium to be pure, and free 
-Cliimkrios, tom. 2. 
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from water of composition, <ind knowing the 
quantity of alkali produced by the alkaline 
basis, it was easy to compare the saturating 
powers of tliese alkalies with those of the fused 
potash and soda prepared by alcohol. From 
these data JOO parts of fused potash prepared 
by alcohol contain of water of compo- 

sition : and 100 parts of fused soda captain 
23*89 of water. 

The authors take as a mean from these ex- 
periments (rejecting the first as far as regards 
the potash as being imperfect « that caustic 

E otaSh, prepared in the common way by alco- 
ol, and fused at a red^lieat, contains a fifth 
of its weight of water; and fused soda a 
fourth. 

We may observe however that these results 
differ much too widely to be a fair subject 
for taking an average, except in a' very general 
way. Perhaps, too, it is impossible to fix 
precisely the quantity of water contained in 
the fused caustic alkali, as this may vary ac- 
cording to the heat employed and other cir- 
cumstances. It shews howeyer that this form 
of alkali is certainly a Ilydrui^ or one that 
contains a notable quantity of water of com- 
position, and also that no great dcpendance is 
tQ be placed on the accuracy of any calculation 
on the proportions of the alkaline neutral salts, 
which is founded on the quantities of the 
Hydrated Alkali employed. 

ALKALINE BASIS. Potassium. So^xum. 
One of the most interesting discoveries of 
modern chemistry is the decomposition of the 
fixed alkalies which had often been conjectured 
to ]b0 6f a compound nature, but no evidence c£ 
they, truth of this opinion had ever been given 
till Davy applied to this enauiry the 

astonishing powers of electro-chcmical agency. 
The researches which he had made on the de- 
composition of acids and neutral salts by gal- 
vanic electricity were full of new and most in- 
teresting results, they pointed out a mode of 
chemical analysis far more powerful than any 
that had been hitherto undertaken^ and the ad- 
mirable skill in contriving experiments, and 
e^acit^ in deducing from them the general laws 
pf chei|gical decomposition, enabled him to 
make tHe brilliant discovery which is the sub- 
ject of this article. He conjectured tliat if a 
freed alkali was an oxyd of seme unknown 
base, it was probable that when it was subjected 
96 action of opposite electricities, the oxy- 
Kea of the alkali would he conveyed to the 


positive pole, whilst the inUammatllcbas^ would 
appear in a 8ej||irate su'tc at the negative 

Some difficulties ar. sc at firstfjn selerr^^ x 
proper mode of conducting the 
"When a solution of the alkali 
electric power was expended .chiefly " 
composition of the wa i L 'S ^ iTT ; a?> , 

other hand, when thQ<Crtkali was dr> 
at the time of appj^i^g the electric ; v V\ 4 :% it 
was indeeil decorrplosed, but the basis insiantly 
burnt with a mosil iiuenso light and flame, and 
could not be collcYted. The great difficulty in 
the experiment wait that the alkali, when dried 
and fused, is a nfm-conductor of electricity ; 
but it was found that slightly moistening the 
surface renders it if.conductor, and in this state 
it readily fuses and is decomposed by strong 
electrical powers. 

^I'he basis of potash was thus discovered. * 
A small of potash which had been ex- 

posed for a few seconds to the atmosphere, so as 
to give conducting powders to the surface, was 
placed upon an insulated disk of platiiia, con- 
nected with the negative side of the galvanic 
battery in intense activity,— ^:?/i a platina wire 
communicating with the posiHve side^ wa 
brought into contact with the upper surface^ 
the alkali. A vivid action soon took place, 
potash began to fuse at both points of co* - 
tact ; there was a violent efiervesccncc at the ^ 
positive surface, and at the negative thc;:e ' 
was no liberation of elastic fluid, but small glo- 
bules having a high metallic lustre, exactly 
r^embling quicksilver in appearance. Mere 
formed, some of which immediately after burnt 
with explosion and bright flame, while others 
remained being first tarnished, and finally 
covered by a white film on their surfaces. The 
gas liberated at the positive surface was found 
to be pure oxygen, and the globules were found 
by numerous experiments to be a peculiar in- 
flammable principle, the Jiasis of Poias/t, 'Flic 
platina was in no way connected with the result 
except as a medium for the electric power, for 
the same effects were produced by substituting 
copper, gold, plumbago or charcoal. 

^da when acted on in the same manner 
gave a similar restflt, but it required a greater 
intensity of galvanic action to produce tlie 
Basis of Soda With a good battery of 100 
6-inch plates, the Basis of Potash could be ob- 
tained* from pieces of the alkali weighing 40 or 
50 grains, which made the distance between 
$he opposite wires nearly i of an inch ; but 
wiffi the same galvanic power, pieces of soda 
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not czteedSng 15 or SO grains/could be used» 
making the distance between (ihe electric f>ol^ 
not more thin or Vtt of an inch. 

V The Basis of Potash has been named by the 
di§!Roverer Potassium, and the Basis of Soda, 
Sodium, which term has been universally a- 


Tfie principal properties of Potassium dis- 
cevered by Sir H. Davy ^‘n his first series of 
experiments, are the follow^ig. 

When exposed to the ait a white crust ra- 
pidly collects on the surface, tarnishing its 
metallic lustre, and this continues to be pro- 
duced till the whole is conlvcrted to this white 
mist, wliich is found to ber pure potash. When 
globules of Potassium are tonfined in common 
air, or especially in oxygen, at a common tem- 
perature, the same crust is formed, but not 
being removed by dcliquescence.,..the process is 
stopped, the interior part of the ^obulc being 
protected by the crust of regenerated alkali 
from further chanrre. But when the- tempera- 
ture is raised highly, a rapid and brilliant com- 
bustion takes place, and the whole is changed 
to solid dry p«>:ash. Oxygen gas alone is ab- 
, sorbed in^ this change, the azotic admixture 
being in no degree afected, and the weight of 
the potash considerably exceeds that of the 
potassium xiecomposed. 

Potassium is a soft and malleable solid of the 
Icj^c of polished silver at 60® Fahr,''at it 
it i^hard, brittle, and exhibits in its fractured 
surface beautiful -facets of a perfect metallic 
whiteness. At GO® it begins to soften ;ind be- 
come pasty, and at 100® it is perfectly fluid, so., 
that the globules wWl run together. At a red 
heat it is converted into vapour, but in close 
vesi:els it condenses unaltered on cooling. 

It is a very perfect conductor both q£ Heat 
and electricity. 

One of the most remarkable circumstances 
relating^ to potassium is its very great levity. 
Though resembling the metals in outward ap- 
pearance, in opacity and lustre, it is not only 
lighter than any of them, but even than water, 
ether, naphtha, or almost any. known fluid. The 
exact determination of its specific gravity is at* 
tended with difliculty, but Sir li. Davy esti- 
mates it at about O.G (water being i.) 

The action of water upon potassium is very 
striking. When a globule of it is touched with 
a drop of water, it instantly burns with a bright 
flame and a soiutioivof potash is left. If tms 
simple experiment be performed on ptper tinged 
yellow wilh turmeric, the spot where the cpnU 
Dustion and generation of alkali takes, place is 

VOL. IIK 


Strongly marked by a deep brick* ted stainw 
When potassium is decomposed by water in 
close vessels, a gas is found among the pro-* 
ducts, which is pure hydrogen. So strong 
is the aflinity of potassium oxygen, that 
it decomposes water wherever it exists, and 
thus discovers the watery admixture in the 
pttltst alcohol and ether, in both of which the 
potassium produces potash and hydrogen gas. 

In the liquid acids potassium is immediately 
decomposed. In the sulphuric it produces at 
once a white salt (probably sulphat of potash ) 
with a yellow coatinjr, which appears to be 
sulphur. In the htbric and muriatic acids it 
produces nitrat and muriat of potash. 

As potassium cannot exist for a moment un-- 
altered in water or any fluid containing uwter, 
nor for any length of time in air, it was#f)Giiat-'‘ 
ter of difficulty to find sooi^^^mode of presei^ng, 
it. It was found however thatiiaphtha recently 
distilled will preserve it unchanged for a sui-' 
ficient length of time, though even in this fluid 
it gradually oxydates. and forms a kind df .pot- 
ash soap with the naphtha, that collects i^itd 
the globule and/ps^eiTO it from floating ifl diis 
fluid. It also ridWiy forms an alkaline soap 
when confined* in any of the oils.* 

Potassium unites with many of the ikietala 
with great case, forming very peculiar allQys.^r 
It amalgamates rcadilv with mercury and re- 
markably reduces its fluidity ; for when united 
with 30 times its weight of mercury, the alloy 
is h^d and brittle. 'The fluid amalgam dissolves 
all the metals, forming a tripie* alloy of mer- 
. cury, potassium and the other metal employ^. 
Whm the amalgam is thrown into a - 

noise is produced, hydrogen 
out, potash is generated, and the. morcorj^'^- 
turflg iinaltered to its original state. 

Potassium will equally well unite wl^ gold, 
silver and copper, and it is equally separable 
from these alloys by met# moisture, which re- 
generates the alkali. 

Potassium: readily reduces many of the 
taIJic oxyds, and in excess it unites wklt 

die metal thus reduced.. * 

It decomposes the rnetalHc oxyds^in flint-gjfass 
an^ green-glass at a low red-heat j but it a|so' 
gradufUlf' manges perfectly unmetidltc j^ass- 
when heated in such vessels, slowly alkalSlng, 
itself - an4;:^corroding.jthe glass. , 

These are thd principal properties this^ 
singular substance as givep by the itbistrid^ 
discoverer in Jbts* first memoir on th#|aufjeft,. 
by vriiich ie ujm that potassium Has by far\, 
the strongest ap^ity for oxygen of any hithertp» 
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known subf^tancct and this renders it a most is a mixture of pipe clay (or Windsor. foamV 
valuable reagent for a variety of interesting beat sip with a/jittle water, and incoi^vri^j^. ^V 
chemical decompositions. ' with as much sand as possible so sib 

Before we proceed with the other properties difficult ‘to apply. The only part to b^ 
of potassium wc shall describe another method is that which lies across the furnace, 
of procuring this substance without the assist- this the lute is to be applied i n th ree / 

ance of any galvanic apparatus, and in much successive thin coatings, and ‘drie3 with 
larger quantity. I'his method was found init care, first for a few in the 8hade,^md 
by Messrs. Gay Lussac and Thenard, soon then with a gradual Jfcat, filling up any little 
Jitter Mr. Davy’s original discovery of pota . slum, cracks in it liy sodie fresh lute. I'he gun- 
and is described by them with much minute- barrel is then filled witli tlie iron turnings, as 
ness. ^ It consists in heating iron filings to far as from B. to C. and is then firmly fixed in 
great intei^sity in an iron gun-barrel^ and then the furnace, and afterwards the fragments of 
passing melted .pojtash through them. The recently he^ited pot|ish arc put in, without 
potash is decomposed, a large quantity of hy- being much pressed, so as to reach not quite to 
drogen gas is given out, and tlie potassium is B. and U2> to a fewnnehes below A. This 
condensed at the further extremity of the ap- requires generally about 3 ounces troy, more 
paratiis^ As this, though not very compli- or less. As much gas always issues through 
catedji requires z good many precautions, we the other extr^ity D, to prevc'ht any mis- 
slull give .the ctf^inal process with minute- chief or loss^ potassium when accidentally 
ness. stopped up, it is of use to adopt a bent glass 

Thepwteriah. Iron turnings are preferable, tube to the upper end of the barrel A. vidiich 
to iron Wire or nails, as they present a consider- dips under mercury M. as seen in the plate, fig. I . 
able ^rface and yet allow .the alkali to pass and allows of the reflux of any gas from fln» 
freely through them. They should be broken barrel if necessary. ‘ 

down in a mortar, and any adhering oxyd sifted The apparatus being then put up, a 
away. . The choice of the alkali is not a matter lit in the furnace, and the bellows appi. 
of indifference. Tlie common potasli or pearl- 'first very gradually, to prevent the lute 
ash always contains small portion of soda, cracking. The recipient G. H. is former' ir; 
and hence the caustic potash prepared from it two copper tubes fitted to each other • j 
is mixed with a little soda, which causes an grinding, the uppermost of them receiving 
allay of a small quantity of .sodium with the end D. of the gun-barrel. A glass tube F. jits 
potassium obtained^ Therefore in delicate into the lower half of the recipient and dips 
periments of research the potash should be ' into mercury. The recipient is luted on to 
prepared from pure crystallized nitre and cream the gun-barrel by the same fire-lute. When 
of tar^v ignited together, or from calcined the fire is well kindled the bellows arc to be 
cretin of tartar alone, which gives the purest used vigorously, and tlie heat raised to n very 
potash known. The alkali should be made high degree at the same lime that the ends of 
caustic lime in the way mentioned under the barrel that project beyond the fire above 
the arridii potash^ (Ch- Diet.) and indeed the and below, are kept cool by wetted cloths, 
extraction of the alkali by alcohol is hardlg When the fire has been raised to its: utmost 
required, but it should 4»e kept at a red heat for for some time, the wet cloths arc rdrnoved 
some time just before being used, as the pr^ only from the upper end of the barrel that 
sence of much moisture defeats the object of contains the potash, and instead of it cither a 
ddrpmpositioii of the alkali. small furnace, or chafing dish or hanging 

SfVtr consists of a gun-barrcl A.B. trough of iron, E. filled with' hot charcoal, 

C. (see plate, fi^, 1 and S.) which should be is to be applied, so as to cover the lower 
wuB^ cleaned withui and then bent in tvfo part of that portion of the barrel that con- 
directions by being heated red-hot at the parte tains the potash, and to melt the alkali, which 
required. The middle of tire barrel B.C. which requires a moderate red heat. The melted 
is enclosed in the furnace^ must be covered alkali then falls down into the lower part 
wi^h a very refractory lute, as it is to undergo of the ^barrel, which is intensely heated, and 
a ^ery intense' heat /or a eotioiderable time, , passes in the form of vapour through the iron 
wJneh would soon oxydate aM^desWey the turning. At first the water which the alkali ' 
. such protection* . Kite contains in abundance (though prei^iti^ fused) 

^ Fhydco-Qfaiiiuq^et, ^ 
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ct^compofles upon the iron tuniiiigSf jmd fnu^ 81. gramme^ of potasli were usec!» am! the 
'^turbM hytlrpgcn gas comes oVer.^ . Atthe saniie product of potassium was 20. 2 grammes or 
time howevA the potassium is produced and is nearly a third more than in the former case, 
also vapovl zed within the furnacet but imme- Sometimes the efflux of hydrogen gas from 
cfiVcly. condenses, partly in the extremity of the lower part of the barrel ceases sudden ly^ 
the b^trrcl, D. and partly in the copper recipient, and appears at the upper extremity^ This 
which arc, as before, kept cool by wetted may be owing to the stoppage of the end D. 
cloths. When the efflux of gas begins to byMft collection of condensed potash, when the 
slacken, an adilitional portion of potash is sent fire has not been kept hot enough or whra the 
wn, by shifting the hanging trough of char-^ alkali has been sent down too fast. This may 
coai a little higher^ and so on till the whole* sometimes be removed by heating the tube 
has been heated almost to the extremity A. with charcoal on ihe outside, and melting away 
It is of importance not to send over too much the^ obstruction.. But if no gas is sent out 
.alkali at once, as this would damp the heat of from either end, it generally shews that the 
tjie iron turnings, and lessen the product of barrel has partly fused down owing to some 
potassium, and this too is one reason why the imperfection in the lute, in which case the 
potash is put in in large pieces. It is a sign process must be discontinued and renewed 
tliat the operation is going on well when the afterwards either with a fresh bajrel or better 
product of hydrogen at the lower extremity luting. If a very large barrel is used^ a fresh 
is pretty steady and abundant, but not very charge of potash may to thrown into the upper 
cloudy. The distillation is terminated when part,, and the process kept up for an additional 
all the alkali has been successively melted down,, time provided enough of iron turnings are*, 
which takes about an hour from the time introduced at first. 

that the gun-barrel is first made white -hot. After the operation, if the gun-barrel is 
and it then only 'roniainS' to collect the product, divided in different parts where it has been 
which requires a little dexterity, and caution. exposed to the furnace, it is found to contain* 
The potassium being volatile condenses for a very hard agglutinated mass of alkali, oxyd 
the most part in the end of the barrel at D. of iron, alloy of iron and potassium, and un- 
and thence falls down into the copper recipient altered irOn turnings, which require consider- 
G. H. where it solidifies. To collect it, able digestion in water to dissolve out ^ the 
'1‘Amove the barrel when the distillation is over, alkali; The quantity of alkali recovered from 
stop the upper end A. with a little lute, and the iron, is full half of what has been used, 
hasten the cooling of the barrel by stripping and 'yet a large portion of the iron turnings 
off the lute and wetting the outside, then pull retain their metallic appearance and their form, 
off the copper recipient (immediately stopping so that there is probably much loss of pptassiiina 
the end D. of the gun-barrel that‘is thus ex- by its alloy with part or the iron, which returns 
posed j separate it into its two parts, pour into tq the state of pota.^h when moistened*. 
each a little naphtha, and detach all the potos- ..It may be of $ome assistance to the chemicat 
slum with a knife, throwing it into a bottie of operator to give Dr. Henry's very clear direc- - 
naphtha as soon as separated. Assomeof the tions for preparing potassium, according to a. 
potassium, remains in the end of tlic gun-barrel process just described, but with some little 
nearest to the recipient, it is the best way to variation in the apparatus.'^ 
cut off that end with a file,, (as the barrel will The apparatus consists of a common gim- 
never serve for a second operation) and to- barrel* curved and drawn out at one end to- 
push out all the potassium into oil with a solid rather a small diameter, (sec plate, figi 
mould made for the purpose. This is generally To one end ’is adapted an iron tube with, 
mixed with a little potash from which it may an iron stopper) of the capacity of two cubic 
be freed by melting in oil ancTpressing the whole, ineb^t for containing the pbtash. At the^ 
The product of two experiments is given by bottom of this tube is a small hole A through* 
the authors, in which it appears, that in one, which the potash gradually flows. This tuTO- 
70 grammes (about 18 drams troy) of potash is. shewn separately in fig. 4. To the opposite 
was employed of which nearly -ftlis was* re^ end "of the gun-barrel a tube of safety e is tq' 
covered undecomposed from the irbn turnings, .be cemented; and into this a sufficient qusatMK: 
and the product or potassium was 15.5 grammes poured either of mercury or naphtha. \ 

grains tsoy.) In the other experiment gun«barrel parts of very dean iron 

* Elements of experimentsl Cbcmlstry, 6tli. edition, vcd. 1. , * ' 
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are to be introduced and pushed on to the bent 
part r. The tube, carefully luted is then to 
be placed in a small furnace, nine or ten inches 
in diameter, and provided with a pair of double 
blast bellovrs, the pipe from which is shown 
at The next step is to insert the tube a in 
its place, after having put into it li parts of 
pure potash recently fused. The whole ip-* 
parntus should be perfectly clean, dry, and 
impervious to air. A strong heat is now 
to be excited in the furnace, and while this 
is doing, the tube containing the potash as 
well as the opposite end of the barrel should 
be kept cool by ice. When the barrel has 
attained a white heat the potash in a may be 
melted by a small portable furnace. It will 
then flow by the small hole upon the iron 
turnings. Much hydrogen gas will be evolved, 
and vmcn this slackens we may remove the 
small furnace from beneath the tube a and in- 
crease the heat in the furnace r/, in order to 
restore to the iron turnings at c, the tempe- 
rature proper for decomposing more potash. 
These operations may be repeated alternately 
till no more gas is produced, but last of all the 
heat in the furnace should be strongly raised 
to drive off some of the potassium that" adheres 
strongly to the iron turnings. « 

When the furnace is quite cold, the safety* 
tube e is to be removed, and its place supplied 
by an iron plug. If the end of the gun-barrel 
projecting from this side of the furnace has 
been kept carefully cooled during the experi- 
ment the metal will be found adhering to it in 
the form of brilliant laminse. In order to ex- 
tract it, the guiv-barrel is to be cut off at the 
beginning of the part that has been kept cool, 
where tne greatest quantity will be found* 
AnothcHT portion will be found close to the 
plug, ibfd this adheres so slightly to the gun- 
barrel that the least effort serves to dct&ch it. 
It is even partly oxidated by the air that enters 
on cooling the furnace, and when the whole is 
covertfl - with naphtha the oxidized part is de- 
tacheil in laminx, exposing a white and' brii- 
liaht metallic surf^ace. sThe potassium which 
is condensed neaeest the furnace must be sepa- 
rated by a sharp chissel in the largest pieces 
we can possibly break off. In the middle of 
the gun-barrel we shall find an alloy of potas- 
sium and iron which becomes greenson expo- 
sure to the air, the potassium returning to the 
suge of potash. 

The potassium prepared in this way if the 
pure hardly differs from that obtained 


galvanic electricity, except that its specific 
^vity is somewhat higher, being to tbut of 
water as 796. to 1000. • 

Having already described the leading prope^,^ 
ties of potassium as first observed by Sir 
Davy, Mre shall proceed to give an abstract of 
a very long and minute series of expert 
on the same subject ciiTVied on by Messrs. tSay 
Lussne, and Thenard,® most of which furnish 
results very nearly similar to those of the emi- 
nent discoverer of the alkaline metals, but others 
are difierent and throw new light on the nature 
of these curious bodies. 

Action of Water on Potassium. When a 
little water is confined in a jar over mercury, 
and a portion of potassium is passed up (en- 
closed in paper) the potassium swims on the 
water, moves about and lessens rapidly, and 
soon disappears, leaving the water very alka- 
line, and a •considerable quantity of hydrogen 
^s is produced. When this experiment is per- 
formed, merely by throwing some pieces of 
potassimn on water they soon become red hot 
while decomposing on its surface, which forms 
an amusing experiment. 'Fo 'determine the 
exact proportion of hydrogen produced by the 
conversion of potassium into potash by means 
of water, a small iron tube was filled with 
grammes of potassium, and covered with 
a glass plate, and thus introduced under a bell- 
glass full of water. The decomposition toojc ‘ 
place with great rapidity, and, when complete, 
the jiydrogen was measured and found to be 
0.666 litre at 15® centigrade therm, and 0.7455* 
metre bar. The experiment was repeated with 
the same result, whence it follows that 100 
parts hj weight of potassium absorb 19 915 
parts or oxygen to pass to the state of potash ; 
and hence 1(M. parts of potash consist of 8.b\!i7 L 
of potassium, and 16.629 of oxygen. These 
proportions closely correspond with those given 
by Davy and Berzelius.** 

Messrs. Gay l^ussac, and Theiiard give a sim- 
ple method of divkling potassium into equal por- 
tions without the trouble and loss attending the 
processof weighing this decomposable substance, 
namely, by compressing it into a cavity made in a 
small block of Drass, o.n which another block 
exactly fits so ^s to exclude every atom of po- 
tassium except that which fills the cavity. The 
quantity of hydrogen given by this portion of 
potassium in ten different experiments varied 
only from 78,5 to 79^4 measures, and hence 
assuming 79. as the average, and comparing 
this res^t with the former above ijuen^nea 
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fin which 2. SIS grammes of potassium gaij 
1R666^iitre of hydrogen) the weight of the por 
tion of pota^ftium (illing the cavity in the brass 
was pretty exactly estimated at 0.0212 gramme* 
This quantity was therefore the standard of all 
the subsequent experiments. 

^ rotassium and Ojcygcn. If potassium is 
"^confined in contact with oxygen at a common 
temperature and kept at rest for some days, it 
• gradually loses its metallic appearance, and is 
converted entirely into a grey substance. But if 
the temperature is a little raised or the surface of 
the metal renewed, it takes fire and the com* 
bustion goes on rapidly. 

Oxjt/ds of J^oiassinm. .There are certainly 
two distinct oxyds of potassium, and probably 
three, namely, the subox yd, the alkali, and the 
peroxyd. 

'rhe suboxyd is a bluish-grey very brittle 
substance, softer than wax, easily fusible, so 
inflammable as to take fire in oxygen or even 
in common air at about 70® Fahr. decompo- 
sable by water into alkali, and giving out hy- 
drogen like potassium but in smaller quantity. 
It is therefore in a lower state of oxydation 
than the alkali* This suboxyd is produced by* 
confining potassium for some days in an empty 
pliial closed with a cork, the pores of which 
admit such a very gradual supply of air imd 
moisture as suits tne slow and in fciior state of 
•^rofydiition required. It appears however doubt- 
ful Whether this suboxyd may not be a mixture 
of potassium and potash, and it has certainly 
rot been obtained sufficiently uniform to allow 
of its precise degree of oxydation to be well 
ascertained.® 

'The second oxyd of potassium is the alkaK 
itself, the composition of which has already 
been mentioned. This cxyd, the alkali, is aK 
'vvays produced, whenever potassium or anyt>f 
its oxyds come in contact with water. When 
produced from potassium or the suboxyd just 
described, an evolution of hydrogen attends the 
alkalization of the metal, owing <loubtIes8 to 
the decomposition of water : when produced 
by moistening the peroxyd, the generation of 
the alkali is^attended with the evolution of that 
portioji of oxygen wliich constitutes the differ- 
ence tetweeii the alkali and the peroxyd, but 
in eUKer case the contact of water ^4 or potas- 
stunoj^J^aii^'form determines the ^formation of 
th^ fillSiif^Klii this way of forming tbe a<kali 
with tnat portion of M^ter of 
cS^llllll^Bfeinounting to about 18 per cent.) 
ijnfl|||||P|||g||b^en mentioned in the beginning 


of this article, is inseparable from caustic potash 
repared by watery solution, even when it has 
een dried by fusion in a full red heat, and 
constitutes not properly pure potash, but hydtat 
of potash, 'rhe pure potash can billy be ob- 
tained by heating the yellow peroxyd to*be now 
described. 

. The orange-yellow . peroxyd of potassium is 
prepared immediately by igniting potassium in 
oxygen, or even in common air. The discoveryof 
the real nature oF this oxyd, and of its contain- 
ing more oxygon than the alkali does, is due to 
the eminent French chemists already mentioned. 
There is how'ever some difficulty in performing 
the combustion accurately. If the potassium 
is burned upon glass or platina, these are both 
attacked by the oxyd assisted by the great heat 
generated, and incorrect results follow. A sup- 
port of silver answers better, tliough with some 
risk of its fusion, or as Sir H. Davy recom-» 
mends, the potassium may be laid in a small 
dish of platina, coated over with melted muriat 
of potash, which is not acted on by potassium 
or any of its oxyds. The French chemists ob- 
serve that much of the inconvenience of a 
pilatina support may be avoided by using potas- 
sium that has been in oil, as it then burns at a 
lower temperature, or still better by employ- 
ing the suboxyd which inflames spontaneously in 
oxygen. They give the results of eight different 
experiments on die combustion of the same 
quantity of potassium in a glass vessel full of 
dry oxygen confined over mercury,' the potas- 
sium being laid in some experiments on^lasSf 
ia others on platina, in others on silver^ The- 
yellow oxyd thence produced wms then throwtt 
into. water, by which it passed to tbe.4tateiof 
alkali^ giving out-all its excess of oxygeiu There 
is so little agreement in tJiese experimeotf is to 
the entire quantity of oxygen absorbed by the 
potassium, that the composition of the peroxyd 
cannot be deduced from them. The largest 
quantity of oxygen absorbed (which is obv|9.ndy 
nearest the true estimation ) was pretty 4|^ctly : 
twice as much as that portion required tol^ii- 
vert the given weight of potassium into pbta:-ht 
and the experiments were so ^r satisfactory, 
that after the yellow oxvd was plunged 4tiro 
water and had parted witn its excess of oxygen, 
the remainder which •entered into the constitu- 
tion of the. alkali w'^as nearly the same in each 
experiment. This peroxyd is fusible at a lower 
heat than hydrat of potash, and crystnJIizes tp 
laminae by cooling. The colour is yclloiv w'heii 
pure but brow'uish when mixed with oxyd of 
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l^e bismuth, lead and iron not at all. Tlie licnr 
^as applied in all these cases with a spirit lam^ 
on the dutside of the glass vesscU; By putting 
this product in water all the metallic oxyds 
were obtained except those soluble in the alkali 
generated in the experiment. * 

The peroxyd and potassium heated together 
in the same way produced potash with. much, 
disengagement of light and heat. 

The peroxyd was introduced into an atmos- 
phere of hydrogen confined by mercury. No 
effect wes producetl at a common temperatiiro*, 
but on heating it a rapid absorption of ga^, 
took place with abundance of moisture which, 
streamed down the sides of the vessel, the per- 
oxyd whitened and gradually became changed: 
into potash.. No light was disengaged. 

Phosphuretted and sulphu|)ptted hydrogen 
heated with the peroxyd produced in like man- 
ner water and potash, and sulphuret and plios- 
phuret of potash* 

With ammotiiacal gas and the peroxyd the* 
products were water and azotic gas. 

The peroxyd was heated with muriatic acid ^ 
gas. hi Itch of the gas was absorbed, drops of 
Avatcr trickled down the- sides of the vessel, . 
oxygen.g^s was given out, and yellowish white* 
muriat of. potash was formed, but no oxymuri-- 
atic acid, nor was any light produced.. 

With carbonic acid gas. the peroxyd whert) 
product of tiiis combustion was probahly^ . heated gave out oxygen gas, and carbona^oft 


platina* When thixxwn into water it gives out 
pure oxygen gas, and passes to the state of 
potash as before mentioned. When it4s heatecL 
very strongly upon a platiria support protected 
by muriat of potashV oxygen gas is given out,® 
and th^e remain^ a grey difficuity-fusible sub- 
stance, vitreous in its fracture which disssolves 
in water with much heat but without any ef- 
fervescence, and renders the water alkaline*. 
This grey vitreous sub.^tanep is considered by 
Sir H. Davy as pure potash, free from water 
or any foreign body, and it is the only known 
method of obhiiuing quite pure uncombined 
potash. 

This yellow oxyd has a very striking action 
on all combustible bodies, to all of which it 
affords its excess of oxygen : in doing so it 
returns to the state of potash, and the alkali 
thus generated often unites with some, or other 
of the products. Some particulars of these ex- 
periments we shall mention.^ 

Phosphorus heated with the peroxyd in an 
atmosphere of azotrg gas prodvA:ed a very vivid 
combustion, so as to redden the whole of the 
platina capsule in which it was contained. Tbe 
azote was unchanged. Part the phosphorus 
was burnt and part only volafflized. The pro* 
duct did not effervesce with water and with 4 
diiEculty dissolved in it, though the salts of lime 
and barytes gave considerable precipitates. The 


phosphat of potash. 

Sulphur heated in Kke manner with the per* 
oxyd gave a compound wkidi^no longer efhnr- 
vesced widi water (and therefore contained no 
uncombined oxygen) and smelt of liver ofvsui-. 
pliur^ and at the same time gave a copious pro-, 
cipitatfe with nitrat of barytes^ and hence con- 
taiaeci a^niixturc of a little sulphuret of potash 
with much sulphat. 

Charcoal and the peroxyd heated together.' 
gave carbonat of potash. 


potash was produced which strongly efferve^^d i 
with acids, but no water was generated# 

Tlie peroxyd was heated with sulphureous, 
acid gas and the experiment was conducted, 
with much care.^ The gas was carefully dried, 
and had the specific gravity of 2.2553 (com- 
mon; air being 1 .) the quantity of it as well as. 
that the peroxyd of potassium was weighed^ 
as also was each of the products after the.expe- 
rjments. .As soon as the heat was applied a< 
brisk inflammation took place and an abundant 


. Tl|e following metals, namely, tin,, arsenic, absorj^on of gas. Sulphat of potash waa. 
antin^iinly, zinc, copper, bismudi, lead and iron, foroiea, and a Uttle 


all im^ne filings, were separately heated with 
the peroxyd. In all the peroxyd was reduced 
to the state of potash but with some variation 
in the attending circumstances With the tin,, 
antimony, and arsenic,, there was^ a great dis- 
engagement of heat and light, particularly with 
the former, $0 that botl^ the capsule of platina on 
which the materials were placed and the glass 
yy scl that confined them were made redact, 
llie and copper were but feebly. ignited, and. 


Davy. 


owgen gas, but not a trace.: 
of aqueous vapour. . The oxygen was then se- - 
parated from the undecomposed sulphureous, 
acid, and the wei^s of the two gasses, added 
to that of the sulphat of. potash,, were found to^ 
equal that of the* sulphureous acid gas and of. 
the peroxyd potassium employed . 

Tne peroxyd was heated in nitrous gas, but 
without any particular estimation of quantities... 
Much absorption took place, very red nitrous 
acid gas appeared, and a salt was melt^ to the. 

* Gay Dussac, and Thenar^* 
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•bottom of the retort which was nitrite of pot-, smell and taste of rotten eggs, is soluble in 
S^h. Nitrous oxyd produced no alteration water without the production of any gas, but 
whatever on i|ie peroxyd of potassium. With acids it is readily decomposed with evolu- 

The peroxyd may be made by heating po^ tion df sulphuretted hydrogen gas. 
tassium either in oxygen or in nitrous gas When potassium is melted in sulphuretted 
or in nitrous oxyd. In the latter cases, the or pho^phuretted hydrogen gas, a sulphurct or 
^^potassium becomes highly oxydated at first, phosphuret of potassium Is formed, and the 
but on continuing the heat, seems to return hydrogen remains pure, 
to.the state of alkali, and nitrite of potash is Altoj/s of Potassium and the Mttah. 
formed. Potassium very readily unites witli many of 

The French chemists, whose experiments we the metals, as was first ascertained by Davy, 
ore now describing, consider the peroxyd of and indeed this circumstance is one that is 
^potassium as containing three times as much brought forward n.s an argument of the metaU 
•oxygen as the quantity necessary to convert po- lie nature of this singular substance. Some of 
tassium into potash ; so that if potash consists these alloys, as described by the discoverer, wc 
of 84. parts by weight of potassium to IG of have already mentioned; tne following experi- 
oxygen, the peroxyd of potassium will consist ments are gi^ven by M. M. Gay Lussac and 
of 84 of potassiifn to 48 of oxygen, or 6.3.64 Thenard. The alloys were made cither by 
per cent, of potassium and 6Yi.36 of oxygen. hearing the stfbslanccs in a small bent glass 
Potassium and Hydrof^n* These combine tube over mercury and filled with a:2ocic gas, 
neither at a common temperature nor at a red- or by introducing the potassium into a small 
.heat, but readily at an intermediate degree, glass tube closed at one end, cm^cring it with 
such as is produced by a spirit-lamp. Potassium the metal in powder, then drawing out the 
thus heated in hydrogen gas absorbs it rapidly, other end of the tube over a lamp and sealing 
but gives it out again with equal ease when it hermetically, and finally uniting the. metal 
the proper degree of heat is exceeded. The ^nd potat^um by %4ue heat over lighted char- 
actual quantity of hydrogen absorbed seems to coal. ^ 

vary considerably, but on an average it appears Potassium S measures, lead in powder 8 mea- 
to be about a fourth of the quantity which sures, gave a solid brittle fusible fine-grained 
would be produced by immersing the potassium alloy. Exposed to air It decomposed gradually, 
•in' This Hydruret^ of Potassium is grey, and in water, suddenly. In either case potash 

unmetallic m appearance and^ infusible. It in- was -produced and the lead resumed its metallic 
ilamcs in common l^ir or in oxygen only when state. Potassium 2 measures, bismuth 8 mea- 
Iieatcd. It is entirely decomposed intb'hydro- sures, a solid brittle alloy in small facets : dc- 
:gen and potassium wheu heated per se in a imposed as the last. Potassium 2 measures, 
close vessel, and when in contact with hot antimony 8 measures: this mixture alloyed wkh 
mercury it is still more rapid^ destroyed^ great ease, giving out light in the process : de^ 
hydrogen -flying off* and the potassium ankisfli^ ^Composed as above; 

^y.imating with the mercury. Potassium 2 measures, tin 7 measures. Some 

Phosphorus unices readily with potassium; light is given out during the union, which te- 
This compound is made by introducing tte’" quires almost red heat to be elFccted. This 
two into a glass tube filled with azotic ; gas alloy -must be made in azotic gas as it is imme- 
and gently warming them. But little light is diately decomposed in the air. When the tin 
•given out. The phosphuret of potassium has is in a less proportion than the above, the aHo|^ • 
an unmctallLc appearance, is of^ a chocolate generally takes fire the moment u is aCtemptea 
colour, and when thrown into water produces to be pulverized. 

phosphuretted hydfoigen gas, which sonretimes Potassium and zinc alloy with difficulty on 
but not always inflames. account of the volatility of the potassium at . 

Sulphur forms a very intimate union with the heat required* 
potassium, and the combination tahi^s place ' PotaStfum and mercury will unite in any 
withi much more heat and light the proportions. When the former was to the int- 

, phosphuret, so as to endanger the ghs|?veiseh 212 by weight to J069, the amalgain 

unless the sulphur and potassium arp {faced a mean temperature. With 

upon a platina dish Within the tube, wlbteh last twice the /above quantity of potassium much 
should be filled with azote* This sulphutet is heat was excited on mixture, and the amalgam , 
sometimes yellow, sometimes red* It has <be was solid St a common temperature and easily* 
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crystallized. The crystallized Jcxture was stHl' fftifHdcilfitly welt, it Was shewn that' JOO'mea— 
more decided with three portions orpotassium. sures -of arsenkateil hydrogen’ expand to 14 0< 
These amalgams will take place witK'out heat parts after the extraction of the ifrsenic. Bur 
when thij^^btassinm is free from oil or oxyd on this circumstance would only account for part 
its siirR^^jind Quite clean. TliC‘y ofieif occur of the apparent deficiency in the quantity of 
Hccidenisflly bym^ fall of particles of potassium gas produced by the action of water on the a!-- 
un the mercury bath, which, as soon as they loy of arsenic and potassium, for if I JO mea«-_ 
touch the mercury, move about on its surfiice sures of pure hydrogen produce 100 measures- 
with great rapidity, and soon disappear by being of arsenicated hydrogen> 70 of hydrogen (the- 
absorbed by the fluid metal, ftluch heat is quantity produced by each measure of pure- 
given out when potassium and mercury unite* potassium} should give fib'.-t'of" the arsehlcatc<l 

Potassium ||mca8ure^^ arsenic 6 measures; gas, whereas the quantity of the. latter gas ac- 
This alloy is easily made and much, light is. -^.tually produced, was only 33.30. This there- 
given out at the time, but instead of having a fore would imply some loss of hydrogen, or 
metallic lustre it is of a dull chesnut brov?n rather a condensation of it in so-me one or other 
hue, and when in contact w^iih water it gives of the products so i as to prevent it from as-- 
GUt a much smaller bulk of hy dtogeii :gas than suming a gasseons form, and this the authors 
the same quantity of potassium civ^ ’^feen a!- with great probability suppose €t> be the case in 
Joyed with any other metal. Thi»jgas w'as the brown s^rsenical flocculi that' remain after 
therefore examined with more care/"^ A bent the action of water upon .the arsenical alloy,, 
glass tube was filted with azote over mercury which flbcculcnt* matter- therefore v/ill then be* 
and 2 measures of potassium, and a piece of TL^lI^drurei of jir seme „ The possibility of a * 
arsenic were ir.trodudcd into tlic tube and united solid comjwund of hydrogen and arsenic Jias 
by fusio.i). The azotic gas was not in any de- also been inferred by Sir Jrl. Davy, as a result 
gree altered. Water was then' thrown up which of the fi>ll<»sdng. experiments on the action of 
caused a brisk eflbrvcscence^d the prc^uction tellurium and arsenic on potassium.** Arsenic 
of potash, and the alloy was entirely destroyed^ being made the negative surface in a powerful • 
leaving only a light flbcculent itiatter like ker- galvanic action taken in water, became dark 
ines. The water was boiled to compleat the coloured ami threw down a browrt vpowder, at 
decomposition of the arsenical alloy. The only the same time giving off much Inflammable^ 
gas produced was 82 measures or arsenicated' gas* Also aii -allpy of arsenks and potas^l^iV 
hydrogen. This experiment was repeated many being 'teated m'onfcmonia pfOduced a gas wliich 
times with different proportions of potassium^ wait princijpally azote, and hence the hydrogen ^ 
tfte gas being always measured, and it was .of the decortiposed ammonia must have entered 
found to be pretty accurately in direct pfopor-'^'S^foto corobkiatibn .vrith 'the arseniuret of pptas- * 
tioii to the quantity of potassium used : Ij^t it' - si»m. ^ . 

was 'atfo fou-nd th.it tlie same quantity of' po- ^Fotaijsium heated In- arsenicated hvdrogen (to 
lassium wliich when unalloyed w’ith arsenic' refofo to M. M* Gay Lussac and Tnenard) be- 
gave 79 p^arts of pure hydrogen, would give comes immediately covered with a -red crust,, 
only on the average 33.36 parts of arsenicated; fumes conrlense on the sides of the ves- 

hydrogen. This led to the analysis of arseni-^ 8bh the gas h suddenly decomposed, and there— 
cated hydrogen. This gas w-as prepared both folse expanded, pure hydrogen appears, and the 

moistening the alloy of arsenic and potas- arsenic combines with the potassium into 
sfwi, and by adding muriatic acid to an alloy .soHd' arseniuret similar to that produced by the* 
of 3 parts of tin and i of arsenic. A given direct union of arsenic and potassium, 
quantity of this gas was confined in a glass Potassium may- be readily alloyed with iron ^ 
vessel over mercury, in contact with a vessel by putting sonie iron turnings in the lower ex- 
containing tin which was kept in fusion forthree- tremity of the gun-barrel that projects beyond - 
quarters of an hour. This process. extracted^ the furnace (in the apparatus for obtaining po- . 
all the arsenic from the gas> which then re^ tassium) liiiijfcad of leaving it empty to receive * 
turned to the state of simple hydrogen, as was die'condeils^ potassium. In this case the ironi 
determined by there being not the teast being leog in contact with potassium in vapeur 

sition of arsenic oh: the sides of the vessef in absorbis-^ becomes flexible, and often quite* 
which the gas was subsequently burned. From* soft, and is decomposable in air or water like-.* 
&e aefiult of several experiments which agreed any of the other alloys of this substance. With-* 

* fpr ISlO, p. «7, &c. 
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out doi^^the alloys ofi^e other met^la that aprbed almo^t^entirely, leaving, a little reside 
require # Jiish heat for tneiis fusion be pf carboh% o3|E|i9^ and ah abiimancc of carbon 

obtained in jjpis way. ^ precipS^tis; The potash thus generated is 

JPoias^ium and Gasseous 0,rycl of CarboiHi part^^arbonated. H 
have no mutual action at a com moti tempera* PhfdiSsium and sulpimrcous acidn^ljpn each 
ture, but when heated they readily decompose other when heated> jhe gas is totally 

each other. About 200 rneasures of carbonic absorbed if die potass^lh be in su^i^t quan*' 
oxyd (obtained from iron filings and parbonat tity, and the solid re^ue is sulphtiret of pot- 
of barytes previously ignited strongly) were a$h. 

heated with a portion of potassium. Oh thp In nitrous acid gas p<kaiiiium inflames even at 
first impression of heat the potassium beeaxt^ an ordinary temperature, anchburns with a red 
blue, but presently took lire, a great and im- \ flame. 

mediate absorption of gas took place, carbon ‘With oxymuriaticiacid gasAp appbarancca 
was precipitated, almost all the poftissium wa^ are nearly similar. The potassium burns with 
changed to potash and the whole gas disap- a red flame, and niuriat of potash is produced, 
peared except about twelve measures, which When potassium is heated with muriatic 
were afterwards decomposc^in a similar man- acid gai^iiydrogcn is disengaged, arid solid 
nor by a fresh portion of potl^um. niurb^w^otash results. Tlie quantity of hy- 

I^otassium and Metallic O.r^ds. It hus ;. dro^OT^,i»:tEe"same as would be given out by the 
been already mentioned that tlie celebrated' actiotv^^ljjjator on the potassium, and it is half 
discoverer of the alkaline bases ascertained the that of th^ muriatic acid absorbed, 
extreme affinity of potassium .for oxygen in Vitreous phosphoric acid heated with pptas- 
cvery combination, which therefore renders siiim produces a pretty stnnig combustion, and 
It a most valuable re-agent for an mrinitc red phosphuret of potash is left, ' w hich when 
variety of chemical purposes. Among, these wetted gives phosphuretted hydrogen not in- 
he discovered that many and probably all the ilamiri&ble by exposure to air. 
metallic ,oxyds when heated with potassium, JPotusaium dm Alhalinc^ Eartli^j and i\Jc- 
are reduced to the metallic state by yielding tallic Sails* 1 he. action of these substaiicts 
their oxygm to the potassium ; and if the lat- was ascertained in the same, manner as that of 
ter is in excess, the newly reduced metals will potassium on the metallic oxyds. , 
kd^oy with this excess, or will unite with the In. aU. cases the potassium abst/acted osufgeti 
potash newly formed in case the metals are frqm those sales which are known to contain it, 
soluble in this alkali. / ari^ the potassium generully changed into 

Similar experiments have been repeated by potash, andlppt into either of its other ;^oxyds. 
the above French chemists on a great variety. In many instances tight was disengaged at the 
of metals, and with the same general results, monlcnt of mutual action. The salts employed 
They were all performed in a small glass tuWt were all previously dried as much as 
one end open, the other closed. A layj^of ' The s alpha ts heated with potassia||i' were 
the metallic oxyd was first put in, and Qvw it more or less perfectly converted into su^plmrets. 
the potassium, well cleaned from oil by. bkitT- The phosphats w'cre in like mantier changed 
ting paper, and upon this another layer of the to phosphurets, giving wdien moistened that 
oxyd. The tube was then heated ov^r afire species of phospliuretrrd hydrogen which is 
as required. In almost all the cases the re** not spontaneously inil.immable. ^ ^ . ^ 

duction of the oxyd was attended with light. The carbbnats wdtli potassium were dei^ipi!:. -■ 
and generally the potassium' passed to the posed into carbonic oxy<l, the base of tlie 
state of potash, and nqt to that of either of its carbonat employed, and p(Hash from the potas- ' 
other oxyds. sium. 

The particulars of these experiments need Muriatof barytes and muriat of soda were 
not be specified in this place. not altered by potassium, which subiimed 

JPoiassium and Ike jMincrah^Acids* Car- through thetn, being itself unchanged, 
bonic acid gas and potassium do not act upon Tlie fluats of soda and lime were equally 
each other at a common temperature^ but at a luiajtercd. - 

heat approaching a cherry-red, the decompo-’ Borax was unaltered by pot 

sition is rapid and compleat. The approach SODIUM. * v V i;’ 

to this is shewn by the potassium becoming This substance was discovered by -Sir H. 
blue. It then takes iii'e, and the gas is ab- Davy a few days after the discovery of potas* 
VOL. ni. - 1? 
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slum, atul by tl^ sa^ie means, -tliat U, by the composition of sorfaj^the alkali tired 

^ elcctro-chcinicaraction of a polherfil^ ^Ivanic from cpinmon salt is perhaps the sureit* 
battery acting: on solid caustic hy drat of soda. Wheil^.the socfa rr ntains as I %le as five or 
The mode of prcparitijj; £fpdiuin thcrefo|re U *8^: per cent, of potash the mixed a!k?dline me- 
prt.cisely^iiip^ame as that of potassium, ‘SroSti- ial tli^ncc obtained becomes fluid at a tempera- 
tilting onp; alkali for the^otltfer. Sodium may ture little abc^ve that at whiclr pure potassium 
also be teadily prepared by igniting common melts, and when the alloy coiujins more potavS- ^ 
salt and then heating ii to redtiess with potas- slum it remains fluid at a common temperature, 
si um in a close vessel. '1 'he salt is immediately 'rhree parts of sodium and one of potas.dum 
. decomposed, and thi^ sodium rises very pure. alloy Hidvl . t 30°, and which ciyttal- 

No hydrogen is disengaged In this process, and li^sinto a brighi brittle m.i-s wHcn surrounded 
two parts of potassium produce* rather nipr* . by salt and- ic ?. Kven a thivtiotli part of 
than o:i#'of sotlftim.* i ^fH^otassi'um in tii * alloy inaLCiially encreases its 

Sodium is also prepared by the process dis- *^dsibility. 
covered by Messrs. Gay Lussac andThenard, An alloy of lO. parts of potassium and 1. of 
for obtaining potassium, the apparatus being sodium is -bo tluiil .at S.^, and is lighter than 
precisely similar, and no other diiFerpmse being rectified naplitlia. y These alloys therefore arc in 
required than to substitute soda aljl cases more •^'uslble than pure sodium, and 

the alkali to be passed through the^ fgin^^iroh iiften more yo thnn pure potassium, and they , 
turnings. As solid hydrat of SQiilii^ohtQins are aisp always pt^ttle and crystal!* zable. The 
much more water of composition tfiin hydrat alloys lifiay be made either by heating the alka- 
of potash, it should bo kept for soine time in line metals under 'naphtha, or even by simple 
fusion at a low red heat just before it is put pressure without heat. It should be observed 
into the gun barrel apparatus. In the distil la- that thpse alloys are gradual’y oxydated even 
tion, a still greater heat is required to obtain under^haphtha when exposed for some time to 
sodium than potii ^sium, and^e .transftitsston the air, ^nd that it is the potassium which first 
of the soda through the heatc^arrel should be undergoes tins change, and by this ’means 
slower. sodium may be purified from a small admixture 

PuVe sodium is an opake substance w’ith a of potassium, the latter being entirely oxydated 
'white silvery lustre. It melts at about 20(P before the former is altered. 

Fahr. if unalloyed with* potassium, and it rises When sodium is exposed to the atmosphere 
in vapour at a strong red heat. It is exceedingly it immediately tarnishes and gradually becomes 
malleable and soft like ivax so as readily to be covered with a crust of soda which deliquesces. 
preSsedoutinto thin leaves. Portiqns of sodium Sodium confined in oxygen gas combines with 
may easily be united into qhe mass by strong it slowly and without any luminous appearance 
pressure, a species of co/t/ treVr////^. Sodium is a at a ^common temperature, but when heated it 
very p^erful conductor of electricity. Small burns with a very white brilliant Sparkling flame, 
globii'll^ of it inflame by the Voltaic spark. In ^pmmon air the flame is yellow, 
and biira with bright explosions. The specific sodium is throvim on water it produces 

gravity is given by Davy at <).f)34S (water being a violent effervi'scencc of hydrogen with a hiss- 
1.0) and by the French chemists at ing noise,' the g^ihulcs run about in all directions 

Before we describe the chemical properties on the -surface of the water, rapidly lessen 
.i.. of , sodium we shall notice its alloy with potas- without flame or explosion, and gradually dis- 
as this very materially alters its fusibility appear* leaving the water alkaline by the soda 
and specific gravity. 'rhene two substances produced. The quantity of hydrogen produced 
je unite perfectly, and indeed the alloy is always - by a given weight of sodium in w^ater is thus 
produced whenever the soda employed for tne given by Messrs. C ly Lussac and Thenard, 
production of sodium is mixed with any por- whose experiments very closely coincide with 
t'on of potash. This is the c^se with all the results adopted by Sir H. Davy. The mode 
the common soda or carboqat of soda that is of conducting tlic experiment was exactly the 
used when prepared from barilla, unless parti- same as with potassium. grammes of 

culai; pahj^: be taken to purify it by repeated sodium decomposed by water gave 1.201^.5 litres 
cryilallization ; so that where of hydrogen gas vit centigrade Tli. and 0.7^i9 
SPdiuf|( obtained directly from the de- metre Bar.} wheneb it follows that 100. parts 

• Davy, 



byMReJn^of sodium ^of irroi^ h|w ccl^: iil1to’'^'e cab|^ion|(Pf 

oxygeU; /Mfidng its conv^sion into-. and ||iien!lllt8 ‘£l^oin. th^^i^iwn data. The^ 

thereforsb" 1^. parts of pure ^oda frc^trom all %uimc|^iorbxyg»^^ by one meiittreof 

water oficofflposition, contain 74.63 spdlgSlisis fwl iiW^pf^he measure^ uied^ But 
and 35.37 of oxygen. ^ hali^liis mimbei^ or . It J[iydrogen 

The numbers adopted by Davy** are 8S of given out which ji'i4iL and hence oxygen 
sodium to 30 of oxygen (88 being the number absorbed would ;be li«nf : this bulk^ 

representing one proportion of sodiurri| which or 74 j and this fdo agifees With the other num- 
would give 74.5 per cent, of sodium and 35.5 bers of the table giyen,^ being pretty nearly 
of oxygen. r ,j the quantity left artertbSl action of water ov 

Oj'yds of Sodium. The oxydation of sodidi^ the peroxyd in.all the live ex|^rimcnts. 
seems in every respect to run a parallel course The chemical properties p^sodiuajL and its 
with that of potassium. closely vcseiihble thoii;jraf potassium iii 

There are three oxyds of sodium known, Or ' parallel cases as to render a particular descrip- 
which the alkali soda is in the intermediate der tion unnecessary. In almost every instance 
gree of oxydation. sodium absorbs oxygen from every substance 

The suboxyd of sodiumjs formed like that contain ing it (the oxyds of notassium exfccptcd) 
of potassium by very slow circulation of^air in . yields that excess of oxygen 

vessel confined by a cork. Tflfa suboxyd itf - at^veSl^l^pantity necessary for alkalization to 
*grey, brittle, unn>etallic in aippeatance, and almt^lt'^IS^jjg^^bsrance which has an afiinity for 
gives out some hydrogen when , moistened, but oxygen. " 

less than sodium. - Oxi/genatiou o f the coinrnfm rftttslic afkali s 

The pure alkali Soda, free from water of hf/ fusion. After the discovery ol the peroxyds 
composition forms the next oxyd of todiimt* ^ potassium and sodium it was nittural to exa- 
lts composition has just been mentioniiil* ’ It mine whether, airy process of * suporoxygt?n.itii)n' 
is formed, like the pure potash, by heading the of thi^' alkalies i^their common state (that is 
peroxyd. When produced by th^ ^ion o^ as evlr took place, wlien they wore 

water on sodium it always retains a consider- kept in fusion at^a^red heat exposed to the? 
able t par of water which is not expelled atmosphere. At a common temperature it is 
even at a red heat. * obvious that the deliquescence §f ^e.se alkalies 

The peroxyd of eodium is formed as the per- would of itself prevent any higher degree of 
. oxyd of potassiuhri by iiea^Ug the alkaline basis oxygenation; and as even at a red heat the 
in oxygen gas. Its natural <jjelour is a dirty water of composition entering into thc^ alka- 
yelldw ; but brown when prepared upon un- lies is npr driven ofF,* i%^as doubtfuf v^etfier 
covered piatina. When throvVn into water itm' this circumstance rriight not oppose the further 
immediately decomposed and passes to the state absorptit)n of oxygen. Messrs. Gay Lus^ad and 
of alkali, giving out oxygen gas* . : 'I hriiiird however assert that when 

'rhe experiments made by the French ,^e- c mstic potash or soda, prepared by alc|^of, is 
mists to find the utmost quantity of ox^^n kept in fusion at a red heat in an open dfiicible 
gas absorbed by the combustion of sodium, in of silver piatina or earth, it absorbs oxygen 
no degree accord with each other, except to and partly passes to the state of poroxyd, ami 
shew that the term of oxygenation that pro- will agam give out oxygen gas on bei^g dis- 
duces the alkali is pretty accurately defined. solved in water. A sllvoi criiciule answ-f-rs^j^t j 
But beyond this, the excess of oxygen al^i as the alkali lias no acti ofi on It. i-otarii 
sorbed to produce the peroxyd (and which ox- atesr^sconcr inulcr t]ic‘ (' circumstances than 
cess is given out when water is added) varies soda, ..o that in eight or t-n niiiuites of fusion “ 
60 much in the experiments given that no accu- its colour deepc'i.s and it gives out much oxygen 
rate inference can be made.- The utmost quan- when wetted. But wlien the alkali is combined 
tity of this excess is somewhat more than half vfith carhonk ^^^ no such superoxygeftation 
the quantity of oxygen absorbed to produce ti e takes place by any length of lu. ion. 
alkali, and this proportion is also given by 8ir On the other hand they asscrl that nitrats 
H. Davy. iic.HC it may perhaps be allowed of these aikahes when thrown mtd^»dVh6t 
that sodium with two portions of oxygen be- ‘ crucible and kept long enough to bffj|^]|(^it If 
comes soda, and with three portions the per- decomposed, very readily furnish t®f^)^xyds 
oxyd,®* We may add that a very considerable of the alkaline bases. • 

Elements. ‘ See Rcchcrches, &c. par lainac audThcnaia, tom. i. p.Sl3. 
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This miiieTar%ccur« 
prisfl^ tarj u)t(*mAte aiifgl^of 
l!7® iiTid . or in ^p0pre?sed hexrtf^dral 
prisms by Ifel rated ral sumnlidrl; it 

also occur# Uncrysrullisiiri ^d then is either 
mashivel^^s^miuatet^ b^eing mixed with black 
mica and ifejspar. ^ Its specific gravity as far as 
can be asccitain^d pp accoant of the intimately 
'^tefhiixcci mica, is between fl.1 and 4.0. Its 
colour is browj|teh-black; when bruised dark 
greeni^grey. 3SKtetnaliy it is dull, fntcrnaily:^ 
it exhibits a smidi conchoidal fracture wxth*^ 


) 


AtO 


'l'hi5*i|iiineral is pilivsidored hy ICi^lpn^^ns a 
vaviety|jrf’ garnet, and in fact itf? analpii? nearly 
coincidiSi.\with that of nielanitc or ^lacl^giitneU 
It occilrs generally in pieces coVertd by car- 
'ftorSitb of iiiViO, ami by dodccahr^di crystals 
which appear to be garnet. Mlheso dodecahe- 
drons are implanted by their lower e ircmiiies 
in the , allochroice, into the stibstaiice oi which 
they apl^ar to pass by insensible ih^grccs. The 
xarbonatc of lime in Vauqueitn's analysis is no 
wubt foreign to the compiisition of tliis mineral 
;^nd is to bo attributed to the calcareous S])ar 
which it is mixed. 


shining lustre between resinous and metafile. It occurs in ilie iron niLne of Virums, near 
It is opake, in h.irdnoss ranks between felspar Drammeii in Norway. 


arid gl^ss ; is brittle and easily frangible. Be- 
fore the^ow-pipe it froths and m^s into a 
brown slag. It gelatinizes in nitriSp&ll^j aitd 
loses about 4 per cent, of its Wei^^^w^ttdrig 
ignition. 

The substances obtained from ittiO parts of 
it on analysis by Dr. Thomson j are 
J.j.4 si lex 
9.2 lime 
4.] aliimine ; 

25 . t per-oxf 4 jgtOf iVon ' ’ 
jS.n oxide ofTCrium 
t.G volatile itiatter 


112.0 


AiUnitc is a native of Greenland, but of its 
geolo^athistory we areas yet entirely ignorant. 

ALLOCHROITE^ Splittiiger Graiiat K. 

The colour of this mineral is yellowish or 
browxiish-grcy. It occurs in opake amorphous 
maiee^^ Its fracture is uneven passing to splin- 
tery, ^itli a slight degree of lustre. It gives 
sparks with steel, and is diihcultly frangible. 
Sp. gr. S.li. Before the blow-pipe it is fusible 
without addition iiitv) a black shinitig opakc 
enamel. 

been analysed both by Vauquelin and 
tldise, with the following results ; 

■■ V. 
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lime 
alurriim 
oxide or iron 
f).25 oxide of manganese 
0. carbonate of lime 


90.73 


ALOE. 

Three analyse.^ have been made of tliis 
substance, of which the following is an abstract. 

' ? T!^:^ first shall mention is that of M.^ 
Braconnatl"^ 

Aloes is a dark brown semi-transparent ex- 
tract, easily reduced to powder, and very bitter, 
prepared from the natural juice of several 
specie® of the aloe plant, either by natural or 
artififfifal heat. The finest species is prepared 
^only bv inspissation in the sun*s heat. The 
finest silt was -selected for the following ex- 
periments: 

50 grammes were heated per ^<pc .in a retort, 
with a heat at first ver y gentle, and afterwards 
increased. The first product was a water 
loaded with thc fiavbur of aloes, then a colour- 
iesSyWater holding some acetous acid but jio 
amr^hia; then a red oil soluble in alcohol; 
and then at a higher heat much carburetted 
hydrogen with oil. The coal contained no 
potash. 

Aides rubbed in a mortar with water pro- 
dudes a viscous mass like turpentine when 
pressed with the fin;^rs. ^ A large quantity of 
water however dissolves the whole, excepting 
a littlfr woody, ii^piirity, arid the solution of 
the Fast Tportion is as bitter as the first. By 
beating tne water, the solubility of aloes is 
greatly increased, and the hot saturated solu- 
tion will assuriie somewhat of a crystalline form 
by cooling. The watery solution of aloes red- 
dens litmus. Its colour is rendered deeper 
by liirie-watcr and the alkalies, but nothing is 
precipitated. GouIard^s extract produces a 
deep precipitate, and the supernatant liquor be- 
comes colourless. 

The watery solution when long exposed to 
the air becomes mouldy, and then gives an 
abundant precipitate with gall-nut, but when 


Nidi. Juurii. xxix. 4S« 


Hiuiy Tab. Comp. 57. 
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tlic SQj^tfen IS recent reagent C|rt^, sj||g1itly 
distur^iic* <" ■ 

iSi^vrit of . wine di« solves^ aloes great 

ease vlvn warm. The solution is^of ajiVipy 

deep V'.id, ;;i>d water added to it gives a 

pal ' yello'.' j 'H ument, If the spiiituoijis .aolu- 
tioa is r.'uL'h lessened by evaporation, the 
slighif-v^ t asfiirition causes the surface to assume a 
prys'allino form. - ■ * 

iSleliljor ihe ftxc*d nor the essential oils dis- 
solve any sensible portion of aloes. 

All the alkalies illssolve aloes very easily 
even without heat, and the intense bitterTi|| 
somewhat corrected in this solution. 

The ammoniacal solution carefully evapo- 
rated almost to dryness, gave tlie author a 
number of needled crystal impacted in a re- 
siniform mass. These cry^c’^js ^ave the sn^pll 
of ammonia when rubbed will^ime an^l^mols- 
tened, and hence this alkali appeSffTo be one 
of their coraponehi parts. 

Weak acids merely dissolve, aloes, and some- 
what mCH'c abundantly than water does. 

Nitric acid dissolves it easily in tb.iy cold, 
producing a bloocf-rcd liquid, p]^ecipit%h](e by 
water# A quantity of aloes was put into a 
retort- and heated cautiously with eight par^s 
of strong nitric acid. Atfuindance of nitrous 
gas was given out, and when this action had 
ceased the retort contained a yellow liquid, 
which on cooliiig deposited a good deal of a 
yellow flocculent substance^ that weighed after 
washing oa the filtcr .about^a quarter of |he 
weight of the alcfes employed, author Cdii«> 

siders this as an acid possessing some peculiar 
properties, and ternis it the Aloclic, Acid. It is 
of a very fine yellow and intensely bitter^ not 
crystallizable, reddens litmus, effervesces 
with the alkaline carbonates. Its smell is^^d^ree- 
ably aromatic wlicii vvar.mevi. It is ve^ slightly 
soluble in water, and the solution has the 
colour of arterial blood. Alcohol disaipl^ces 
only Vt> of its weight of this acid. The 
mineral acids merely dissolve without decom- 
posing it. Potash forms a red crystal Ji;eable 
salt with this dtid, which detonates with the 
violence of gunpowder when heated suilicicntly 
or touched with an ignited body. The salt 10 
easily produced by pouring a weak solution of 
caustic potash on the yellow aloetic acid. 

The liquor that remains after the extraction 
of this acid from the heated mixture of aloes 
and nitric acid, contains also much oxalic acid,' 
so as to give a copious precipitate of oxalate of 
lime on the addition of nitrat of lime. 

a An. Cb. tom. CS. 
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# M. ihfensVroQ^^ exp^nieftls, 

thait- . of^^loes 

neith^. a but a substaj^c ^#4/ 

which hSpiriiw JJitlcr tiesm 

M. TrommsdJrff^as given p, Comparative 
analysis of the aiul 

\v?iich a few paitieid^ra may bS^ientioned. 
Four ounces of alcM V^rc 3 pints 

of distilied water. The^^tvrhole disSIblye.J, 
became very turbid on cocuUng, and a yclioir 
^^bstaiure separate, an oun^'e after 

®ymg. This sub^ton^e yellow. 
Dottle, transparent resin, at a gentle 

heat, inspluble in water, very soluble iiij^icd|][t>l 
aiid potash, and highly tnfiamniablei)[iyj|^u ^ 
Tl^;|iquor that contained ibat|piC%f the 
^loes^j^l^ch remanied soluble in water, was 
to drynessi and gave a brown bitter 
mass equally soluble in water and alcohol, but 
insoluble iii ether, which the author considers 
as identical with what Ilecmbilaedt terms the 
^ Saponaceous Principle of vegetables. Ano- 
ther portion of aloes , was analyzed by first 
digesting it^in alcohol, in which it totally 
dissolved Vrithout any residue hut a few grains 
of woody impWty. The •wlutiou remained 
clear after cooling. After belhg evaporated 
to dryness, the residue was digested Avith water, 
and ph^ three fourths of it dlsgplved, leaving 
one ibunh of resin ; Which dbu firmed the gen- 
eral proportion of iiVrin i^d other matter found 
in the first experiment. ^ 

iSpipe difference 

analysis of the abes, this species 

containing about -^th of albumen^which resisted 
solution in boiling water and in alcohol, owing 
to its coagul.U'ion. This therCffore is* jgiveii as 
a mode i>t diitinjniishing the two species; the 
Socotrine aloes dissolves entirely in boiling 
water anff in alcohol, but the 1 Icpaiic when thus 
treated^vleaves a portion of coagubiteid albur 
men, . • :M 

Further experiments have been made^port¥ 
stilus by Mrs-;rs. i'- J -..1 Ci range aiul Vogel, 
with slight tliflbreTice ;.s lo fe'sults. 

A portipn c^f cacdi kind of aloes was distilleil 
per se. Some water and oil passed over, the 
former of yi^ich gave a brownish- bb:ckx.coIouT 
to sulphartfe'^of iron, but this tinge not 
resemble that produced by the distilled water 
of the gaU nut ; neither wms the of the 

aloes at all altered in colour 
or stroiuian-watcr, all of "hicl^Blplii blue, 
greeti, or rose-colour precipitSte^^^llli these 
• An. Cli. tom. 06. 
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re^enls. the^iauthorB conclitcle tliai 

aloes cb#tains gallic 'distijied 

'water of the hepatic gave -a cli^nsiblie 

quantify of ammonia. . v. * .- 

A second diBtillation,,ot each species of Ippcs 
was made vidth the a(1d|tipM^^f water in the 
retort.! -^^^6 ajptcotrine iilbes gave a pleasant 
sweet-smbMmg water, liot acid, oh wliich floated 
a greenish yellow oil. smelling like nielilot. 

distilfed water of the hepatic aloes on the 
0her hsuid was nauseous, and no oil separated. 

The.,; action of. cold water on ak^s 
somewM't difFet^li^ from that observed by 
Braconiiot. Ilie latter chemist asserts thal’ 
cold water in sufEcient quantity wi^ -dissolve 
the of the alocs^ and thaf the last 

dissol^edjIlP’tion equals the first, in bitterness. 
On the other hand, the authors of the;' j^esent 
paper found tliat by digesting the;^ajai0- with 
successive portions of cold water,v^tipd pouring 
off the liquors after remaining for some hours 
in contact till nptfiing more was extracted, 
there remained a soft grey elastic mass in- 
soluble in water, resembling a resin. The 
watery solution is thick and lathers much on 
agitation. It deposits a yellow powder on the 
addition of a great Variety of siC&stahces, such as 
all the minertll acids, all the neutral, and a 
great many of the metallic salts. Those of 
iron produce 9 brown precipitate, but^difFerent 
from that given by galls. All these precipitates 
from aloetic solution are soluble in water. 
The w^ery solution, evaporated slowly to dry- 
ness, l^^es a bro^n transparent vitriform mass 
intensely bitter, and perfectly soluble in water 
and alcohol, but very sparingly in ether. 

On the other hand the resinous matter of 
aloes is not soluble in cold water, but dissolves 
in alcohol and ether, and the latter solution is 
abundantly precipitated by water. 

The action of nitric acid observed by these 
chemists was nearly the same as tliat described 
M. Braconiiot. Tlie yellow powder produced 
? by heating aloes in this acid, gives a most beau- 
tiful purple colour to a large quantity of 
When this powder is gently heated pHiiir se m a 
setoit, as soon as it melts, it explodes slightly, 
and an acid yellow bitter liquor passes into the 
receiver, smelling of prussic acid- and evolving 
ammpilhi on the addition of potash;^" 

Oxy muriatic acid passed through a concen- 
trated wHter y solution of aloes is a^bsorbed in 
the liquor becomes 'yellow and 
coagi^m^ltrongly so as almost entirely to 
solidij^^p^lElilB coagulum when washed is elastic, 

» Pli. Journ. xvi: ji. 233r- 


insolq^te c^ wati^ but abunclat||ly;^^p]uble 
in alccAjjafe wh^^ solution is copio^y pre- 
cipitateoj^y wateA The action oLoxyhiuriatic ^ 
.^dp therefore appears to convert much of the 
s^esr ifito a perfect rcoln. 

AtsVM. 

§ 1 . Ores am tl Manufacture of 

The largest alum mine in Britain is at Hur- 
Ictt near Glasgow.*^ In the colliery at thivt 
pj.^ce is a bed of coal about fiVe feet thick co- 
by a roof of pyritical slaty clay of the 
thickness of ten inches. . The coal with the 
^^j^fijperincumbent roof dips just enough to afford 
'5s?#iree passage for the water, and Sie mine is 
w-orked, contrary to the usual practice, from 
the rise to the dip; hence all the workings are 
necessarily kept p^fectly dry. Tor three cen- 
turies has thisy,i.»)iHery been in work, and it 
now rvicscnts jjfi excavation the area of ^vhich 
IS nearly a square, with pillars of coal at 
the usual intervals in order to support the ovor- 
lying beds, the tbickiiess of which is on an 
averagb about SO fathoms. The air circulates 
slowly through the whole of this space by 
means of such of the old shafts as still remain 
open ; and, in consequence, a slow decom- 
position of the roof is perpetually going on. 
This process howe;igifr is so gradual that in no 
part has the slate been hitlierto entirely re- 
moved. 

The action of the air is to cause a thin 
flake to .scale off from the roof and fall upon 
th^^ry floor; in. this last situation the decom- 
position makes fiirther progress, and by degrees 
assumes the appearance of a light spicular ef- 
florence. Succeeding flakes go through a simi- 
lar process, and in time the whole space up to 
the very rcibf itself is completely tilled; the 
current of air being then obstructed, all further 
decomposition of cours^ ceases till the efflo- 
resced portion is removed. 

The mass thus obtained consi.sts of earth 
richly impregnated with sulphate of alumine, 
sulphate of iron, and in some cases with sul- 
phate of. magnesia. The salts are separated by 
lixiviation from the insoluble residue, the sul- 
phate of alumine is converted into alum by the 
;iiddition of sulphate or muriate of potash, and 
the manufacture is finished in the usual way. 

The oldest alum works in this country are 
at Whitby in Yorkshire,^' where there occurs a 
vast deposit of alum slate about twenty-nine 
miles broad from N. to S. ar:d stretching from 
the eastern coast even into Lancashire. ^ 'I he 
depth of this mass is unknown, but it is covered 

‘ fb. Journ. xxv. p. ‘241. 
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by alluiriSl soil, by safi|R»tone 
som-tirites inclosing a thin of coa 
stonci sh’alie |rul clay. 

The alum slate itself, although tehcley; 
the surface, is at the depth of about JOQ fe^ft 
etivul in hardness and compactr.ess to <:\>iiStnon 
roof i late. I'he upper part, wheilier from being 
actually richer in pyrites, or in a state of partial 
d-et i »mpositioii, is found to yield foUr" or live 
times as much aluni as the lower part, tbis, 
Jatt -'i* being at ibe same time considerably mmi 
bituminous. Ammonites, nautilitcs, and trcH^, 
chiles, together with belcijinites, abound 
the' schistus ; vertebrre and other bones dr 
amphibious aninials are also met with. Wood 
converted by bituminizatidn into a more or less 
perfect jet is of not unfrequa^jt occurrence, and 
several subordinate beds of Ud iron ore are 
worked at the depth of about 201^ fee v » 

The alum slate being procured by means of* 
the pickaxe, the first process to which it is sub- 
jected is roasting. For this purpose a l/cd of 
faggots and brushwood four dr five yards broad 
amt two yards high js covered to the heighth of 
about four feet with the ore broken very sniaii; 
it is then kindled, and fresh ore is continually 
^ded ; the breadth of the pile is also increased 
by successive additions of Hj^gots and ore till 
at length the mass reaches the heighth of 80 or 
100 feet, covering an area J oO or i200 feet square, 
and containing about 100,000 cubic ydrds of 
ore. The combustioii is moderated by cpvering 
the surface wirfi the more ea^hy part of the 
ore, and after a time it is extinguished spoil- " 
tanoously. 

Of this calcined mine it takes on an average 
130 tons tO' produce one ton of alum. For this 
purpose the ore is steeped in pits containing 
about 00 cubic yards at a time, and the solution 
(technically called aiuntl^ liquor) is drawn olF 
into a cistern, from which it io again pumped 
upon fresh calcined mine. 'I'his process is re- 
peated till the liquor acquires a specific gravity 
of l.l:';. The ore after having been once steeped 
is lixiviated again a sedbnd and third time, and 
these weaker solutions are used instead of water 
in subsequent steepings. 

'^rhe strong licpior is drawn oiF into cisterns 
where it deposits much selenite and oxyd of 
iron; it is then boiled for a short time and al- 
lowed to cool, by whicli nearly the whole of 
the grosser impm iiies arc got rid of. The liquor 
thus clarified is transferred to a leaden, boiler, 
where it is mixed with a quantity of mother 
liquor and kept briskly boiling during the whole 

• Aan.Cbim. 
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. ffay; thq time 

^to ttni 4 liwor. "ITie con-’ 

l^ntratc^ sohiHoii||nlm the whole of t}^t:p;}fis 
18 ito every mor 9 i|!|j^ a vesseT called’ a. 

v liere its#pp^c gravity.>^»1f;iken, and 
is gcr.crally foul1$ ^ between and 
1.5 : a solution of crf^stallized of fibt- 

ash is then added, fOilRiCTent to lowejr tnc specific 
grnvity to 1 .35, and the whole ts catrefully mixed 
together. Tlrrlicjuor then stands in thfe 
about t\yo hours in order r6^'dcposit tiutsedl- 
j^iiFl^nt which Contains, and \vj^n clea^^^ 
I'Urred into the cobiers to crraalllze. After 
standing four days the mother liquor is drainccK 
oiF, and the crystals of alum was]u.d with water 
in a tub, whence they are coiivoyeT Uv a bib 
with holes in the bottom that the niTOture may 
riih^p^^^ic washed alum is then put into a 
lar^e Iftjl^tti^an with as much water as is re- 
quisit^'tb Kwa the salt in solution at a boiling 
heat ; the solution beibg comple^||hc hot liquor 
is immediately run into casks; Were it remains 
about sixteen days; at the etui of which time;* 
the casks are taken to pieces in okut to get 


out the hollow niass of alum entire ; tliis butcr 
is then pierced, the mother liquor is Jet out t^nd 
the alum itself being cleated nbm ^*’7 adhering * 
dirt is broken into pieces of about I cwt. each, 
and is ready for sale. 

130 tOTS of calcined mine afFoi*d I ton of alum. 
The daily produce of each pan is about 4 cwt. 
of alum, for which about 18 bushels of coal arc 
required. A. 

22 tons of muriate ^ of., potash afe h^ijisary 
for every 1 00 tons of altim. 

f 2. ylfia/j/sis o f Almn, 

The most accurate analysis of alum is by 
Vaiuiuclin*'; in ins comparative cxaniliiatioti of 
several vavicries of this salt, for the purpose of 
ascertaining whether there is any such real su- 
periority of the Rriiiian ahim, i;n<l of -certain 
other foreign varieties of tlie same substance, 
over the French tnanufarl u! cs of this article as 
it seems, is g mer dly su^ p -vd by the French 
nd.calico-printers. 'The four most in^. 
tqresting varieiijs out of the iix whicIi were 
arf^lysed’by this ab’e c hemist, were the follow- 
ing: 1. CcMiulnc Roman alum. 2. Ditto frorn 
a manufact^^ at Liege. ' 3. Ditto English. 
4. Ditto French froni the manufacture of M. 
Ribaucourt. , ^ 

'Fhe method pursued v/as to the 

alunt in water, and by the *iddiiiod||H|rauno- 
ni.i in excess to separate the alum U;^.^SIs^px ide 
o£ iron, the precipitate being perfecu|r:-well 
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washe4 was an^ jfeh^ly J||^ a pla- with?a|^|)litiTic acid and then evaporated; the 
tina crucible. A fresh alu^ remabi^ sulphate of ammoiiLi indicated the 

then tikeu and deconiposcd.i|^mtivi-At of baryte® amount of volatile alkali containcc^iri the aliim« 
^ for the pv^rposc of ascettaShing the amotli^ of lia^ly, the aluminc obtained in the first process 
sulphuric am from the spoliate of bairytes was. aigested in caustic potash till the whole of 
prpduce<|. The ammoniacal liquor in the first tlie earth was taken up, and thus separated 
process ^8 evaporated to dryness, the residual from the oxide of iron which is insoluble in 
salt was ignited in order to drive olF the sul- this menstruum. From analyses carried on 
phatc of ammonia, and the remainder was siil- in the manner just mentioned it appears that 
^|)liatc §f potash. A fresh portion was boiled the following are the component parts of the 
in a retort with caustic potash, and the ammo- fotir varieties of alum examined by M. Vau- 
niacal Jj4]uor which came over was saturate quelin, viz. 


Ronian 

Ijioge 


French 

10.36 — 

10.39 — 

— 

JO.If) Alumine 

31.82 — 

31.49 — 

31.64 — 

3 \ . ly Sulphuric acid 

12.17 — 

12.17 — 

12.20 — 

i Potash 

0. — 

0.29 — 

0.47 ~ 

0.4 1..^ Ammonia 

0. — 

o.oaS"-*- 

0.246 — 

0^2 Oxyde of Iron 

54.11.5 — 

54.4.38 — 

.54.766 — 

"1x1.772 


Wliat remaina to.be added to each, that the quantity as possible of boiling water, and ihe 
original 100 parts may be complete, is water solution wdiile cooling is to be incessantly 
of crystallization. stirred ; by this means the alum will be ob- 

Hence it appears that the sole difference tained nearly in a pulverulent state; it is then 
between the most and the least valued kinds of to be carefully washed two or three times in 
alum is that the latter contains a few thous- small portions of fresh water, and the purifica- 
andths of the sulphates of ammonia and of iron, tion is compleat. [For the experiments of 
which are wholly or almost wholly wanting hi Thcnard and RolM on the action of alum on 
the former. It became therefore a patter of colouring matter, sec the article Dying in this 
importance to ascertain by dhect experiment Appendix.] 
the elFect of a small portion of these salts upon ALUMINUM, 

the more delicate dyes, and in consequence an The metallic basis of alumine has not yet 

inve^l^ation to this purpose was undertaken heeq obtained in a free state, though suflicient 
by M. M. Thenard and Roard.'^ indications of its existence have been matic out 

The result of their inquiry has been, that in by Sir H. Davy. » When iron is negatively 
dying rc'oo/wlth the most delicate colours, such electrified with a high galvanic power and fused 
as weld, cochineal, sumach, madder.and kermes, in contact with moistened alumine, a globule 
the use of Roman instead of common alum is is obtained whiter than pure iron, which slowly 
of little or no consequence ; that the colours of effervesces in water and becomes gradually 
cotton sensibly deteriorated by the employ- covered with white powder; and the solution 
ment of impure alum, and that this efiFcct is in muriatic acid decomposed by an alkali gives 
still more sensible in the dying of silk, Sul- alumine and oxyd of iron. Also when potas- 
phate of ammonia even in much larger doses slum is vaporized by heat, and in this state 
than it exists in the most impure alums is*^.^very passed through alpmine heated to whiteness, 
little injurious, it is therefore the sulphat^of much potash is formed* which produces a co- 
iron that produces all the mischief. herent mass with the undecomposed alumine. 

Having thus ascertained that the preference in which are found numerous grey particles 
given to the Ronian over every other kind of which become white when heated in the air, 
ulumrin the market is by no means a prejudice, and slowly cflervesce in water. These grey 
but founded on very substantial reasons, M. M. particles appear to be an alloy of potassium 
Thenard. and Ro.ird proceed to show that it is and aluminum, 
very ejO^tp get rid of the sulphate of iron, and 

thus the mo.vt impure alums compleatly AMMONIA. Ammonium. 

to of the Roman. For this pur- The following practicial remarks on the 

poSe die alum is to be dissolved in as small a preparation of the liquid ammonia may be 

^ Ann. Cblm. lix. p. 58. ® Elements of Chemistry. 
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useful. Mr. Phillips has the followi^^ex* 
pcriinent. * To 9 oz. of lime slachi^with 
mlf a plnt^of water, and put in., a closed 
vessel, were added 12 oz. of muriat of iim- 
monia,. and 3 ^ pints of boiling water. The 
anixture having cooled, the cleiir solution was 
divided into two equal portions and separately 
distilled, without putting any water in the 
itjceiver or employing pressure. Ten ounce 
measures of distilled liquor of ammoniti were 
obtained from each portion, of the specific 
gravity of ,9o4, which according to Davy's 
tables indicates about Ilf per cent, in weight 
of the pure alkali. The quantity of lime here 
used is amply sufficient, indeed the same weight 

the muriat of ammonia would be sufficient, 
if the lime is made from JM^arble or any pure 
limestone, and thoroughly weKhurnt. 

Mr. Dalton^ has given a titble\f the^V^^gth 
of ammoniacal solutions somewhat ***<liffering 
from that of Davy. The data which Mr. 
Dalton assumes, (from particulars which need 
not be here enlarged upon) and on which the 
accuracy of the table depends, are the following: 

100. water-grain measures of liquid muriatic 
acid of 1.074 sp. gr. contain 1 1. grains of real 
acid ; the specific gravities of muriatic acid gas 
and ammoniacal gas are itiQthe respective pro- 
portions of 1,23 and 0,6 and 11. measures of 
the acid gas saturated 12, measures of the 
ammoniacal gas. No allowance is required 
for condensation in constructing the following 
table, it having been found both by Davy 
and Mr. Dalton, that when liquid ampionia is 
mixed with water, the specific gravity is as 
nearly as possible the mean of the two. Mr. 
Dalton’s table is the following. 



Grains of ammonia 

Grains of 

Specific 

in l(H> water- 

ammonia 

gravity. 

grain mrasures 

in loo grains 

of liciiiid. 

of the liquid. 

.85 

60. 

35.S 

.86 

28. 

62.6 

.87 

26. 

29.9 

.88 

24. 

27.3 

.89 

22. 

24.7 

.<K) 

20. 

22.2 

.in 

18. 

19.8 


16. 

17.4 

.93 

14. 

15.1 

.9t 

12. 

12.8 

.95 

10. 

10.5 

.96 

8. 

8.3 

.97 

6. 

6.2 

.98 

4. 

4.1 

.99 

2. 

2.0 
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S ention^ the exp^^hUMits of Priestley, Ber-' 
oliet, and other c:hemist?<, -A-hich sliewcd this 
alkali to consist of .azote and hydiff^gen, in the**^ 
proportions of about 4 parts by weight of t!ie 
former, and 1 part of tlic latter. A iuMnh'.*r 
of important researches have since been made 
by several eminent chemists, which require a 
detailed notice. 

'rhe fixed alkalies being proved by Davy, 
to be compounds of a peculiar mctailic basfr 
and oxygen, it naturally occurred to this emi- 
nent philosopher that the analogy with the 
other alkalies would infer a similar composition 
in the volatile alkali, which lunvever seemed 
to be contradicted by the experiments of Ber- 
tholleC and Sir H. Davy himself, in which am- 
monia. was wholly .resolved into azote ainl 
hydrogen, unless either of these latter sub- 
stances was itself an oxyd of some unknown 
base. 

A very laborious series of experiments on 
the analysis of ammonia by electricity and com- 
bustion with oxygen and other gasses, has been 
published by Dr. Henry, which we shall 
detail somewhat at large, on account of the 
great importance of the subject, the admirable 
practical skill and ingenuity with which the 
experiments were carried on, and the clear 
idea which it gives of the extreme difficulty 
which exists in obtaining perfectly accurate 
results in these delicate operationS|^rom a 
variety of causes that are here explatn^t. 

The first object is the apparatus. Dr.'u. 
found in former experiments that in the usual 
way of electrizing gasses, a temporary com- 
munication is made with the atmosphere at 
the moment of the explcsion, which in the 
course of a long experiment is sufficient to 
introduce so much atmospherical air, as scn<- 
sibly to affect the result. The only unobjec- 
tionable way, as Dr. H. mentions, is to inclose 
and hermetically seal the explosion wires in 
glass tubes, and then to grind away so much 
of the glass as will expose the ends of the 
wires. Those eniployc(l in tlicse experiments 
were of platina, of an inch in diameter. 

Tlie next and most difficult object is to free 
the ammoniacal gas entirely from water. The 
avidity with wliich this gas retains moisture 
is very remarkable. A confined ^^uantity of 
common air may be so conip]etei^v!d^siccated 
in a few minutes by pure dry p&mh or dry 
muriat of lime, that no ice shall appear on the 

Chemical Philgsophy, vol> 2d. * Philos^ Tram, fur 1S09. 
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siiirtiee of the Ttfisel #hifi eixpo^ to a cold 
of- But aikimonia reqinires; exposure dki- 

ring some hours to potash to stand ihe test;; 
even of the temperature of 0. and a single 
transfer of the dried gis through mercury in 
ordinary use, again communicates moisture to 
it. ^J'he gas employed in these experiments 
was dried by sticks of pure potash fastened to 
steel wire, so that they could be withdrawn 
through the confining mercury when their 
drying action had ceased, and this was asccr- 
tmned by supplying ether or salt and snow to 
tlie outside of the glass. In some of the 
first experiments Dr. H. found that though the 
gas thus prepared deposited no moisture by 
cold before electrization, yet it gave a sensible 
qnantity afterwards 5 but on applying heat just 
before the experiment both to the mercury and 
the iron cistern containing ir, this condensation of 
moisture after electrization no longer appeared ; 
at least o!ily in tlie slightest possible degree j so 
tl^it it seems necessary for perfect accuracy to 
heat the mercury and vessels as well as to dry 
the gas, and even to boil the mercury in the 
tube before admitting the ammonia. 

With these precautions given quantities of 
ammonia were subjected to long continued 
electrization, by which (as already mentioned 
in our former article) the bulk of the gas is 
nearly doubled, and when no further increase 
takes place, the residue has now lost its alkaline 
properties, and is entirely resolvable into azote 
ami iiy^hogcn. Dr. Henry found from the 
mean of six experiments that 100 measures of 
pure ammoniacal gas were resolved by electri- 
city into 108.78 measures of the mixed gashes, 
but the results of the experiment on wliich he 
placed the most confidence, on account of tlie 
scrupulous precautions observed against the in- 
trusion oftimoisture, gave an increase of only 
180.0 from 100 of ammonia. 

The proportion of the liydrogen and azote 
to each other was ascertained by passing into 
the mixture a known quantity of oxygen gas, 
firing it with the electric spark, and estimating 
the hydrogen thus consumed, the azote being 
unaltered and constituting the chief part of the 
residue. In making this estimation, two mea- 
sures of hydrogen are reckoned as saturating 
one measure of oxygen for the composition of 
water. Even this part of tlio experiment is 
liable to some inacjuracy as Dr. II. observes, 
for it is necessary to use a redundance of oxygen 
gas to explode tlie wliolo of the hydrogen, but 
it is by no means cerrain that a small portion 

tliC azote will not also undergo combustion 


into islfaric acid which will be absorbed by the 
> water generated. On the. whole. Dr. Henry 
k estimates the entire mixed gasses firoduced by 
the (Electrization of the ammonia, to be com- 
posed of about 74 measures of hydrogen to 26 
of azote. 

The extreme labour of decomposing ammo- 
nia by mere electricity, Icil the author to at- 
tempt a shorter mode of analysis. Ammoni!i 
and atmospherical air will not explode by the 
electric spark in any proportions, but Dr. H. 
found that ammonia and oxygen gas when min- 
gled in proper proportions, may be detonated 
over mercury by the electric spark with as much 
ease as a mixture of hydrogen and oxygen, and 
this experiment a fiords a very ready way of ana- 
lyzing ammoni.i Infinitely less labour tliaii 
by simple electw^fa^tion, and with as much accu- 
racy,*^C.vifil[;jl/iroper precautions arc observed. 

With a greater proportion of pure oxygen gas 
to ammonia than that of three to one, or of am- 
monia to oxygen than that of three to 1.4 the mix- 
ture ceases to be combustible, but when the pro- 
portions best adapted to inflammation are used, 
the oxygen may be diluted with six times its bulk 
of common air, without losing its property of 
burning ammonia. 

The products of the combustion of ammonia 
with oxygen vary essentially, according to the 
proportion of the gasses used. If the oxygen 
gas be as much as double the ammonia, the am- 
monia entirely disappears, as w'dl as the hydrogen, 
and the only residue is azote with the excess of 
oxygen, 'rhe moment after the detonation, a 
while cloud settles on the inner surface of the tube, 
which is too small for analysis but is probably 
nitrat of ammonia, the niivic acid being formed 
by the oxygenation of a portion of the azote. 
Hence when the oxygen of tlie residue is removed 
by sulphuret of lime or any other eiuliometrical 
process, the quantity of azote remaining is less 
than ought to be produced from the ammonia 
decomposed. 

On the other hand when less oxygen is added 
at first to the ammonia than is su.fTicienC to satu- 
rate all the hydrogen, that is to say, when the 
ammonia much exceeds the oxygen, no nitrat of 
ammonia appears, the mixture being free from 
cloudiness, and the mixed g.is remaining after 
the first detonation will completely Jose its hy- 
drogen by a second admixture with oxygen and 
firing, and the azote will remain untouched. 

Dr. Henry gives the results of comparative 
experiments in the two cases, that is, where an 
excess of oxygen was first employed ; and where a 
deficiency was used. In the first case the oxy- 
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gen used was twice the measure of the ammo- 
Ilia : the whole was decomposed by a single ex- 
plosion ; aii|l the hydrogen being estimated as 
equal to tv/ice the bulk of the oxygen that disap- 
peared, and the residuary azote being measured 
after the removal of the remaining oxygon by 
sulphuret of lime, the composition of 100 mea- 
sures of ammonia was estimated to be 84.29 liy- 
drogen, and 15.71 azote, numbers far remote 
from those given by all the other modes of analysis. 

On the otlier hand, wlien tlie ammonia was 
fired witha deficiency of oxygen gas, G3 measures 
of the former were exploded withJS of oxygen 
holding 1. of azotic impurity. These were 
diminished to 57 by the first explosion, and no 
part of the residue was absorbable either by 
water or by sulphuret oMtnie, shewing that the 
whole of the ammonia was decomposed, and 
that all the oxygen employed con- 

sumed. The remaining 57. pleasures (consist- 
ing of hydrogen and azote) were detonated with 
a further addition of 40. of oxygen, and the re- 
sidue after this second detonation amounted to 
GO, which was further analyzed by sulphuret of 
lime. By calculating as above, reckoning 2 
measures of hydrogen for every measure of oxy- 
gen actually consumed, it appears that tJie ori- 
ginal G.j measures of ammonia furnished by <lc- 
composition .'jl.y lof azote and {SS.GO of hydro- 
gen, and hcc.ee JOO. measures of ammonia would 
furnish 7^. MS of hydrogen to 2().i2 of azote. 

Dr. Henry gives the results of six experi- 
ments on the decomposition of ammonia vnth a 
deficient proportion of oxygen, but we must con- 
fess that though they attest, the care and fidelity 
of the experimenter, there is not quite xsuincient 
agreement between them to lead us to place im- 
plicit confidence in this mode of operating, even 
in the most skilful and practised hands, 'i'he 
proportion of pennanent gasses to the ammonia 
decomposed, (the azote being actually mea- 
sured, and the hydrogen estimated by doubling 
the oxygen expended) varies not inconsiderably 
in the six experiments, the highest being HXSf, 
the lov/cst 180.2 from 100 of ammonia. This 
sliews Ji correspondent variation of from 60 to 
72 2 of oxygen required to saturate all the hy- 
drf'gen of 100. measures of ammonia, a variation 
Wi.icJi, however, is probably not more than may 
he expectc<l in tliebcst contliictcd experimems 
on f.iieb a compbeated ‘uikjcct ibat requires such 
a v;>rif.*vy of precautions to ensure a tolerable uu:- 
formity. 

The autho r ascril)os tijer.c variations chieny to 
the great diiliculty of expelling all adJicring 
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moisture from e^ry part of f^he matcridHN 
apparatus cmployect, and hU general rwdt h 
that the proportion of oxygen most precisely ne- 
cessary to saturate 100. measures of ammonia is 
67^, (or 100. «>f oxygen to 148 of aipmojiia) 
and the 1 00 measures of ammonia will aflbrd 
about l.jO mcasurrs of hydrogen and 47 of azote. 

Dr. Henry also finds thrl ammonia will ex- 
plode with nitrc'us ox yd and vinth nitrous gas. 

A series of experiments on the decompositidfU 
of ammonia has also been publlsbed Byi Mr. A. 
B. Berthollet,'* the principal object of them was 
to examine a position laid down by Davy, 
(which we shall presently notice) that ammonia 
contains about V i of hs weight of oxygen. M. 
A. B. Berthollet relates .several experiments re- 
lative to the de-oxydation of iron inammoniacal 
gas, and the decomposition of ammonia bv its 
passage through an incandcscenr lube ; and by 
electricity. In the latter method he givc.s as the 
mean of six experiments, that I. incasure of 
ammonlacal gas dilates by electrization into 
2 ()lGI*j measures of hydrogen and azote. 

His general results are that I /ftn of ammo- 
iiiacal gas is decomposed into 2.0 IG //Vn’vV of 
mixed gas, of which 1.545 is hydrogen, and 
0. ItG is azote. 'Fhc weight of this quantity of 
hydrogen is O.llG and that of the 

azote is O.O'JO grammes, amounting in the whole 
to 0.77G; .anil the weiglu of a litre of ammonia 
is 0.775 grammes, which agrees so nearly wiili 
the former as to demonstrate (if the data be cor- 
rect) tJialammonia contains no o\ygen,iior o Jier 
constituent part besides hydrogen and azote. 
It must be observed, however, that the expfeti- 
ments of this ingenious chemist (now no more) 
do not appear to have been coiulucted with the 
same vscriipiilous attention as those of Dr. Ilcniy. 
In pariicuiar, the means u.^^cd for depriving the 
gas of moisture were not so carefully attended 
lo ; and in the analy. is by combustion with 
oxygen, an execs* (;f iliis gas was used, 

which profiuced so mucli ni:iic ac.d as .seinibly 
to veddeii linn in , and thus to embarrass the re- 
sults. The j'.rc cnc(‘ of jnoisiinc will account 
Jor rlie greater o\p.in>iiu: oy eli'ciri/.itTon which 
this chrn.ist : for Dr. i Icnry uniUjinily 
•found, v. iM'n the arnim -in.i \r. iju' d:li:St, that 
the exj^'jnsioii never ipijtc iloi.Llvil ii;e original 
volume of the ammonia. 

lUr. D.dton agrees withi Sir II. T); vy and Dr. 
Henry, that ti'C v-^hiiViC i?i i r^monia Is not 
doubl< il by drc(»mpo!:iti< 11 , hut thf^;. 100. mea- 
sure.' of ammonia give Ireni jS.O to IfO of the 
mixed gass-.i>, ll.o* iXi.pocjivc prcporiions of 
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^"mrllS^are about S8 measures of azote gas to 72 Mr. Dllton adds the following estimation, 
mearares of hydrogen in the hundred. 

dOO measures of ammonia at .6 sp. gr. weigh 60 grains. f 

'fhese become by decomposition 185. measures of mixed gas. 

Namely 51.8 of azote which at .967 sp. gr. weigh 50.09 
133.2 of hydrogen .08 10.65 

60.74 

* Herijf .the united weights of the hydrogen alkali by about yV, which eleventh part he 
and a'a^i^ equ.al atid a little exceed the weight concluded was the oxygen of the ammonia, 
of the aniinonia) and hence this alkali cannot This opinion, however, has been satisfactorily 
contain any other constituent part than azote refuted by the laborious researches of Henry 
and hydrogen. and Bertiiollet, just described; so tliat when 

Mr. Dalton remarks on the analysis of ammo.- ammonia is decomposed simply into hydrogen 
nia by mixture with oxygen and detonation, that and azote, it appears that the united weights of 
notwithstanding the elegance and expedition of these two elements the weight of the am- 

Dr. Henry's method, it appears probable that a monia dccomp/irsed with as much accuracy as 
compound combustible such as ammonia is, can can ‘68S»?tiajfc.e^pected from such delicate expe- 
never be totally decomposed and one of its elc- rlments. This part of the controversy therefore 
nients burnt, to the entire exclusion of the other, seems to be put at rest, but another and highly 
Thus in a mixture of carbonic oxyd and hydro- curious set of phenomena happened to be dis-» 
gen, phosphorus, &c. where one of the elements covered at the same time, wliicli deserves par- 
seizes oxygen with more rapidity than the other, ticular notice. 

It is impracticable totally to oxygenate one of Dr. Scebeck, of Jena, discovered in 1808, that 
them, and leave the other untouched. With when solid carbonat of ammonia is slightly 
amnaonia it is confessedly so where an excess of moistened and placed in contact with mercury, 
oxygen is used, (nitric acid appearing along with and the whole connected with the Voltaic bat- 
thc water produced) and Mr. Dalton conceives tery so that the mercury communicates with tho 
that this is in some degree the case in whatever negative pole and the salt with the positive polo, 
proportions they are fired. On the whole he the mercury speedily becomes as soft as butter, 
prefers employing nitrous oxyd. When 100. expands in bulk, and has all the appearance of an 
measures of ammonia are exploded with 120. of mnalgam. This when thrown into water efFer- 
nitrous oxyd, the gasses resulting are azote vesces strongly, the water becomes ammoniacal 
with only a very small portion of hydrogen. If and the mercury returns to itsoriginal state. This 
to this a little hydrogen «be added, and then an experiment was repeated by Dr. Pontin and 
excess of oxygen, another explosion will dercr- Professor Berzelius with some variation, and by 
mine the residuary hydrogen before explosion, them communicated to Sir U. Davy,*' who imme- 
which. being deducted, there remain about 172 diately pursued the subject with his accustomed 
measures of azote, 120 of which come from the skill and ingenuity. His principal experiments 
nitrous oxyd, and .52 from the ammonia, which are the following : a cavity was made in a piece 
gives after the rate of 28 per cent, of azote in of muriatof ammonia, and into this a large glo- 
voiume on the evolved gasses. bule of mercury was introduced^ The muriat 

We now proceccl to the very interesting re- was slightly moistened and placed on plate of 
searches of Sir H. Davy on tlie nature of am- platina, which was made positive in the circuit 
monia. pf the large battery. The quicksilvet was made 

This eminent philosopher, after his most im* negative by means of a platina wire. A. strong 
portant discovery of the metallic bases of the eiFervescence immediately took place, the globule 
fixed alkalies, was led from analogy to entertain in a few minutes enlarged to five times its for- 
the opinion that ammonia was probably, like the mer dimens ions, and metallic crystallizations 
other alkalies, a compound of some peculiar shot from it as a centre round the body of the salt,/ 
metallic base and oxygen, and some experiments which, when accidentally broken off from th6 
on the decomposition of ammonia, gave him mass, rapidly disappeared, emitting ammoniacal 
reason to suppose that tlie hydrogen and azote fumes and reproducing mercury, 
evolved, were less than the entire weight of the When a piece of moistened carbonat of am- 

* Phil. Trans, fur ISOS and ISU!^. 



A MM 


r ■ 


X ' 

monia was us^d, the appeatances were the 
$aine, but a black matter formed in the cavl^t 
apparently ca|*bon. 

vgllt then occurred to Sir H . Davy thiat the strong 
deoxydating power 6f potassium or of sodium, 
might be made to produce the same effect on 
ammoniacal salt without the intervention 
jlr any galvanic apparatus. Accordingly a 
iirnall portion of potassium was dropped into 
the globule of mercury contained in the moist- 
ened cavity of the lump of inuriat of ammonia, 
and immediately without any further apparatus, 
the mercury enlarged as before to six or seven 
times Its bulk, and the same amalgam was 
formed, with this slight difFercnce however, that 
it appeared to be more permanent, and to retain 
a portion of the potassiuiiv %sed. 

This ammoniacal amalgam at the tempera- 

^^^re of 70* or 80® is of the consistenoe of.*' ijlter, 
at the freezing point it crystallizes into smatt 
undefined brilliant facets. When exposed to 
the air it soon becomes covered with a white 
crust of carbonat of ammonia. Wlien thrown 
into water it produces about half its bulk of 
hydrogen, and returns to the state of running 
mercury, the water becoming ammoniacal. 
When thrown into muriatic acid gas, it instantly 
becomes coated with muriat of ammonia, and 
some hydrogen is disengaged. In sulphuric 
acid it becomes coated with sulphat of ammonia 
and sulphur. 

The physical properties of this amalgam are 
very curious. The mercury ^pears to gain 
no more than about oT its weight of^ 

new matter, but is. thereby rendered solid, has 
its specific gravity diminisned from 1S.5 to less 
than 3. and retains its metallic colour^ lustre, 
opacity, and conducting power. 

Sir H. Davy made many attempts to obtain a 
peculiar metallic substance from this amalgam, 
by distillation,, out of the contact of air, and 
thps to exhibit the supposed basis - of ammonia 
(or Ammonium)^ in a separate state. But 
all these attempts failed, for under every cir- 
cumstance the amalgam, when heated,, gave 
out hydrogen and ammonia, and the mercury 
returned to its former state. In the most accu- 
rate experiments the proportions of these two 
gasses evolved were tv.ro of ammonia and one 
of hydrogen. 

^ The nature of this amalgam is still very 
obscure, and much difference of opinion pre-^ 
vails on this subject among chcmisis. As it 
seems well ascertained that ammonia is re- 
solvable solely into azote and hydrogen, it fol- 
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lows, that if ammonia is reaUy an oxyd^pf ^ 
some metallic base, aaote and hydrogen, 
of them, must also be oxyds of some hitherto 
unknown substance, and this idea has beeti 
adopted by M. Berzelius, in Iris chborate ana- 
lytical researches, who supposes both liydirogcn 
and azote to be oxyds of ammonium in different 
proportions. But when the ammoplaca! amal- 
gam is distilled, hydrogen and ammonia both 
appear, and the source of the hydrogen remains 
' to be accounted for. This Sir H. Dawvdoes, 
by ;S|ipposmg that as^ the amalgam i^o^ied 
frpnv moist subrt^ncgj^; sufficient water^i^ " 
to it to afford jcwty|eh|by ; its decomposition, 
whilst its hydrdgen uniteg^witlii die amalglim^ 
Nevertheless an ‘excess of 'liydrogen is always 
produced in the distil latiojp of the 'ainaigam, 
even uchere the most scs^puiQui^^^ bkeu 

Before we proceed >yidi the other ddCom«?: 
positions of ammonU, sliall relate the expe- 
riments of Messrs. Gay Lussac and Thenanl,*' 
on the ammoniacal amalgarn, in which they 
have repeated the experiments of Secbeck and 
Davy, and have added other interesting facts. 
They observe that when the amalgam h formed 
by the agency of galvanic electricity uppn 
mercury in contact with mpi^hed mtiriateJ 
ammonia, the acid of the satt and the Oxygen 
of the M^ter arc carried to the positive pole^ 
round which* a dense and suffocating vapour of 
oxymuriatic acid collects. On the other hand, 
little or no gas of any kind escapes at the nega- 
tlve^pole; but if the mercury id removed, theji 
the effervescence is equally great at this polo 
also ; from which they infer that the mercury 
simply absorbs the gas that would otherwise 
have escaped, and forms the amalgam.. 

When this amalgam- is well dried and inclosed 
in a dry bottle of common air, and simply shaken 
for a few minutes, it is entirely decomposed, 
running mercury is produced, and hydrogen 
and ammoniacal gas are found mixo<l v/ith the 
air of the bottle, which is no way altered when 
examined by Volta’s eudiometer. Hence it 
appears* that this amalgam ran only e.vi.st under 
the electric influence, and as soon as this is 
destroyed by agitation, it returns to its ele- 
mentary state. The amalgam made in Davy's 
method by mercury, potassium, and muriat of 
ammonia, without the agency of electricity, 
is more permanent, and remains in this state 
as long as it contains any potassium, but as 
soon as this is destroyed the amalgai^ is sud- 
denly broken up. A cpiantity of this amalgam 

par M.M.Gay Lussac and 'nicnarJ. 
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made, and the outers j^ipst being removed inflames. It burns . rapidly when heated in 

knife, some of the ^i^r . part was taken up oiygen gas. In water it heats and is immedi* 
by a dry iron spoon,, and put Into a very dry ately ' deconmosed into potash ii^id ammoaiav.^: 
glass tube inverted over mercury that liaa just The same effect takes place with acids. Whofi- 
been boiled. The tube being dosed with a heated with most of the metals, particularly the 
dry stopper was gently shaken, the amalgam easily fusible ones, azote, amirtonia, and some* 
was speedily decomposed, and a considerable times hydrogen are disengaged, and an aUhy 
quantity of gas was generated, consisting of of potassium with the metal used is obtained,; 
ammonia and hydrogen in the proportion of M. M. Gay Lussac and Thcnard examiiied ' 
about 2^ to I. The autliors say that it is im- with much care the effects produced by the 
possibto that any:^moisture should ^here be pre- application of different degrees of heat to this 
sent*; ,8ice this is incompatible with pbtasi^m, olive-green matter. The potassium was first 
and hence it appears amalgam cannot put into a glass vessel with a certain quantity 

contain any basis*; pjf ammonia (supposing the of pure hydrogen, to preserve the potassium 
alkali itself to be ah oxyd of some unknown from the contact of the mercury by which it 
basis) sipc^ there is' ho obvious source from was confined. Some pure ammoniacal gas was 
which this basis cjauld abstract oxygen when the then added, and tlie*' whole was heated till the 
ammoni^)is iKgenc.ri0^^ The authors endca- olive-green matter was produced, and wheJBjj^K^ 
voured tdi ascertain the respective quantities of polcTfiVaiiatsorption of ammonia was ascertained, 
ammonia and of hydrogen given out during the The olive-green matter was then heated gradu- 
decomposition of tlic amalgam, and they found ally to redness in the same vessel, without being 
that the mercury of the amalgam gave about removed, when it melted, boiled, and finally 
3.47 times its volume of hydrogen, and became solid again, blackish, and was no longer 

of ammonia, which togetlxcr made tct/oitt t)f fusible. The remaining, ammonia was then 
the weight of the mercury. absorbed by water, and the azote and hydrogen 

On the action of Potassium on Ammonia. analyzed in Volta’s eudiometer. The general 

When pota^ium is fused'in ammoniacal results of several experiments at different de- 
gas, * it is graduzHy changed into a very fusible grees of heat was, that as soon as the heat is 
olive-green substance, the ammonia disappears sufficient to melt the olive-green matter, it 
entirely, and part of the space which it occu- begins to give out gas; that as long as tlie 
pied is filled with a quantity of hydrogen ex- heat does not quite reach a cherry red, the 
actly equal to that which the potassium cm- gas is only ammonia ; but by raising the heat 
ployed would have given, if thrown into w^atcr,. to lu^w redness, much hydrogen and azote bc- 
This experiment may be performed in a bent^' come mixed with the ammonia given out ; and 
tube over mercury, but care must be taken to at a higher heat, the gas becomes entirely hy- 
shakc off every particle of mercury from the drogen and azote, in the proportions of three 
potassium before it is deposited in the bend of to one, that is, in which they constitute ammo- 
the tube. Heat is then applied by a spirit nia ; but however long the heat is continued, 
lamp, and soon the potassium melts and be- no more than about three-fifths of the quantity 
comes covered with a thin crust which directly of gas originally absorbed by the potassium 
after disappears, leaving the surface very bril- is expelled, so that it docs not vet irn to the 
liant, in a few sccon<ls much ammonia is ab- state of potassium, but to a blackish infusible 

sorbed, and the olivc-grcen substance is pro- compound. 

duccd. J3y using siHlicicnt ammonia all the When this olive-green matter is confined 

potassium is ch.mged to this olivc-green matter, over mercury and a drop of water is let up 

The ([iinntiiy of anr.n.onia ab.sc»rbcd varies from to it,-iTmch neat is excited, and a good deal of 
Je.ss than to (;;■) times the hulk of the po- g.as generated. By carefully adding water as 
tasslum, according to tlic heat employed, long as any gas is generated, and :is.sis’ing the 
'J'his olive-green substance is opake, and Iieavier process by a gentle hent, the v.diolc is convcrtecl 
than water, when lieined it melts and disen- into a lump of moist solid potash and pure 
gi’.ges ammoni.i , hvilv :gen, and azote, and then ammon acal gas ; and it was found that the 
hc.ndifies, still roi chiiiig its green colour. When ammonia obtained was almost equal to that 
exposed to tlic a r at a common temperature, wludi had horn onginally absorbed by the 
if gradually changes tc) ammonia and potasli, potasrdiim, during its ennvorslon into tl»e imivc- 
W hen thrown into a li'^ated crucible it suddenly green matter, the slight difference in quantity 

^ Kcv horchcs Phy]4ico-Chin\:<-^uC‘^, par M. a". G.iy Liisuac and lliciiard. 
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being attributed to the ammonia absorbed by the 
moistened potash. 

Sir H. Davjihas also made a number of expe- 
riments on this singular compound with results 
some of which agree with those of Messrs. Gay 
LusSac and 'rhciiard, and others dilFcr from 
them. Some of these we shall mention,^' par- 
ticularly the properties of^thc resiiluiim of the 
olive-green substance after it has been heated to 
redness. 

Its colour is black and in lustre it resembles 
plumbago. It is opake, and brittle. It is a 
conductor of electricity. It docs not fuse at a 
low red heat, but gives out a dark coloured 
sublimate. When exposed to the air at a com- 
mon temperature it usu^ly takes Hrc imme- 
diately and burns with a deep red light. When 
it is acted upon by water it heats, effervesces 
violently, and is resolved into amino.i'ia and 
potash, with a little inflammable gas. It has no 
action upon quicksiU^er. It combines with 
sulphur and phosphorus by heat, and these 
compounds wdicn wetted inflame and give out, 
the one sulphuretted, and the other pliosphu- 
retted hydrogen gas. 

On dbtilling this substance in a tube of 
wrought platina in a very intense heat, potash 
was found with a quantity of potassium in the 
tube, and the gas was hydrogen with only a 
small proportion of azote. 

The remarkable circumstance of this experi- 
ment is the deficiency of azote, this substance 
being in much less proportion than is required 
to constitute ammonia if the analysis of this 
alkali by electricity be at all correct. ^ 

After all that has been done on the analysis 
of ammonia, no satisfactory proof has yet been 
given that it can be decomposed into any other 
elements than azote and hydrogen. 
AMMONIAC. (Gum.J 
*^rhis gum has been examined by M. Bracon- 
not.* Exposed to a very gentle heat it loses 6 
per cent, of its w’cight of mere moisture, .Dis- 
tilled /;cr AY', it yields half its weight of a brown 
einpyreumatic oil containing ammonia. The 
coal contains phosphat and carbonat of lime. 
Twenty five grammes of gum ammonivic were 
boiled wiih alcohol. The whole was dissolved 
except 5.8 grammes, and the solution remained 
clear on cooling. The in-oliiLIe portion was 
heated with water and tb.e greater part dissolved, 
leaving however a grey glutinous mass insoluble 
both in water and spirit of wine. 

The watery solution left a gum on evapora- 
tion, which was transparent, reddish yellow, 

^ Piiil. Trans, for IfOD.- 


slightly water easily dissoflfcs 

it. It is abunchintTy^'l^dpit by Goulard’s 
extract^ (but By tfcelicerite of Ic ul) and only 
very partially by the fiitra& of mercury and of 
lead. Lime water does not alter the solution, but 
oxalat of ammonia separates some oxalnt of lime. 

The resin produced by the evaporation of 
the alcoholic solution of gum ammonia is reil- 
disli yellow, transparent, brittle, but easHy 
softens between the fingers. It has nq.j,^ 3 sfc. 
It unites with the alkalies with case, even with- 
out heating, and the . result is a sapoinaccous 
bitter solution. 

Sulphuric acid dissolves tibe resin quietly in 
the cold, and the solution separated by water. 

When nitric acid is heated on this resin, it is 
suddenly decomposed with much red vapour. 
On evaponting the liquor to dryness a bitter 
resin is 'obtained which melts at a low heat, 
unites to allcalies, dissolves in alcohol and in 
water, and precipitates in p.avt from the latter if 
it has been used boiling. Cold water also dis- 
solves much of this bitter resin, giving a vc?ry 
beautiful yellow colour that stains tlie fingers 
strongly, and fixes itself easily and most firmly 
to silk and wool, so as to become ujr.dtontbie by 
oxymuriatic acid, and even by alkalies it weak. 

Gum ammoniac contains 18.1 per cent, of 
gum 5 70. of resin ; 4.4 of matter resembling 
gluten ; and (i of moisture. 

AMPHIBOLE. 

At the end of the article oFStraiilstein it Is 
remarked that a strong analogy subsists between 
the several varieties of Hornblende, Actynolite,, 
Tremorue, and Asbestus. M. Hauy has since, 
in his TahU ntf coiiiparatifj entcreil into an in- 
tcicsiiiig cliscnsMlon of this question, and from 
crystal lographica I resemblances, aided by the 
results of rec(?nt chemical analysis, has arranged 
them in the following manner. 

'I'hc Labrador Hornblende forms a species by 
itself, under the name fly i’jiks i t.nj?. *rho re- 
splendent lloniblonde (Schiilerspatli or Jiron- 
zitej forms a variety of Diam.acc, the tnetaf^ 
loidc* A few of tiv' Strahlj^loins constitute the 
species Epidotf., ( I hallirc of Karsten) the re-^ 
mainder of the Hornblendes and iStiahlstein, and 
all the Tremolites arc included niider the species 
Ampliibolc. Asbestus for ■-he present ranks as 
a distinct species, but M. Hauy cites with evi- 
dent favour tho opinion of Cordier, who is tor 
including it under Amphibole. 

The following are the essential cryrtallogra- 
pliical characters of amphibole. Its primitive 
crystalline farm is an oblique rhomboidal pr!sm>. 

» An. Chem. tom. 6S. 
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l|mder angles diagonal passing 'fiuougK the <d>hise angles of 
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Basaltic Hornbl. 
" by Klipr. 

47. 

s. ^ 

. ’0;^. 


'file follovHag twe eotne of the most recent analyses. 


Fibrans Tremolite, 
by Klapr. 

65. 

J8. 

10.33 

0.1(S 

0.5 


99.99 


CrystsiU H. from C^pe de 

Lamellar Hornbl. ActynoUte of ZillerthaT, 

by I.augier. 

by Klapr. 

by JLaugicr. 

42. 

- 42. 

50. Silex 

9.8 

IJ. 

9.75 Lime 

. 30.9 — — ^ 

- 0. 

19.25 Magnesia 

7.69 ^ 

12. 

0.73 Aluraine 

— g2.6f) 

S2. 

1 1 . Oxide of Iron 

1.15 Oxide of Manganese 

5. Oxide of Chrome 

m.23 

97. 

95.73 


Comm. Tr« 
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Baikal I us 
by JLowits. 

44. Silex 
SO. Lime 
£;0. Magnesia 
6. Oxide of Iron 

Water and Carbonic acid 
Carbonate of Lime 

100 


ANALCIME. Cubic Zeolite J. Wurfel 
Zeolith W. 

It occurs limpid, or grejish-white ; is amor<* 

{ iious, mammiliated, miated, or crystallized. 
t8 form is a cube either perfect or with similar 
modifications round all the solid angles, pro* 
ducing symmetrical varieties that distinguish it 
from other species with which it might be con- 
founded. It has rarely any natural joints visiblep 
hence its fracture is compact conchoidal. It 
varies from translucent to transparent^ usually 
ecratches glass. gr. 2.0. 

Before the blowpipe it intumesces like borax 
apd melts into a glass, emitting at the same time 
a idiosphoric light. It is composed accordipg 
io Vauquejin, o? 

58. Silex 
18. Alumlme 
Sm Lime . 

10. Soda 

8.5 Water 

96.5 

3.5 Loss 


Var. 1. SarcoHte 

Colour flesh red, opake, somewhat softer than 
thb^precediug.;, consists, according to Vauquelin^ 
of 

50. Silex 

* 20. Alumime 

4.25 Lime 
4.25 Soda 

20. Water. 

08.5 

1.5 Loss 

Analcime occurs chiefly in the glands of 
amygdaloid, and other trap rocks. 

ANALYSIS OF VEGETABLE AND ANI- 
MAL MATTER. 

In an interesting memoir on this subject 
by Messrs. Gay Lussac and Theiiard,^ these 
cnemists shew the great difficulties and the 
many causes of inaccuracy that attend the usual 
modes of analyzing vegetaole and animal matter, 
and describe a new. method of proceeding, by 
which they .consider that they have been able to 
combine the carbon and hydrogen with the uU 
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ittost quantity of oxygen Mith which they can* 
unite, an4 thus by . proper rfata to es^t^te the 
proportion j>f these constituent 'parts, >atul of 
* oxygen, existing in the substance analyzed. 
The substance sejected to oxygenate thpse ele- 
ments is the oxyniuriat of potash, and the mat- 
ter to be analyzed is mixed with this salt and 
deflagrated in an apparatus contrived for the 
purpose, consisting of a thick glass tube set ver- 
tically in a fire with a lateral tube to conduct the 
generated gasses to a mercurial trough, and a 
cock above, the stopper of which is not perfo- 
rated, but contains a small depression, into whit;h. 
a portion of tlie material to be analyzed is pirC 
and by turning the cock downwards, this portion 
falls into the healed tube, and there defl;igratcs. 
The proportion of th'^-fixymurlat requisite to 
burn completely, the substance analyzed is found 
by previous trials in an open crucible, so much 
of the salt being required, that the residue after 
deflagration shall be quite w'hite, or at least not 
carbonaceous-, and in the actual experiment a 
considerable exccvss of the oxymuriat is em- 
ployed. The niaterials are then accurately 
weighed (after being long dried at a boiling- 
water heat) and mixed in a mortar with a little 
W'ater to an adhesive mass, which is divided by 
being thrust into a brass mould, and the pieces 
are rolled up by the lingers into little balls that 
they may drop clean from tlic stopper of the 
COCK down i}itp the deflagrating tubp. These 
balls are again dried at the same heatb^fow^ using. 

The oxymuriat of potash is prcviSusly ana- 
lyzed by itself in a proper apparatus to ascertain 
tlie proportion of oxygen which it furnishes, and 
to ensure an uniformity in this agent a consi- 
derable quantity of the sail is fused and then rub- 
bed to powder by itself and kept for use. If the 
substance to be analyzed is a vegetable acid, it 
is combined with lime or barytes before mixture 
with the oxymuriat; and tlii* calcareous or bu- 
ry tic salt is separately analyzed, and the carbo- 
nic acid that remains united with the earth after 
deflagration is properly estimated. 

The earthy or other incombustible matter be- 
longing to the substance to be examined is also 
separately estimated by calcining this substance 
by itself in a phitina vessel and lixiviating the 
residue. The author gives at length all tlie pre- 
cautions required in the management of the ap- 
paratus, both in preparing for the deflagration 
and in the estimation of the gasses produced. 
'I'hcse last are su|^oscd to be only carbonic 
acid, azote, and oxygen, the quantity of the 
oxymuriat being more than sufficient to convert 
into wMter ail tlic hydrogen of the subsiancfirv 
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analyzed. Th ^Hl^o feabyity oC/^a little cwbii- 
retted hydrrofg||M have escaped co^us- 

; tion is some allowance 

is'^ijaadc for not iu a very 

ac^rate w^. ;Tw^a^ination of the gasseous 
products or the ^d^agratioii is therefore thus 
r conducted : SOO n^easures of the cas (standing 
over mercury} are added to 40 mt^Bbi'cs o£pure 
hydrogen, and detonated by the electric spark. 
By this means the excess of ox^e% is separated 
in* the form of water, and -th^iuamity of this 
excess is, of course, one thtl4 of thc^SBrntiie of 
the cntii'e absorption, after the el^rizutioii. 
The carbonic acul is absorbed by” potash., and 
the residue is further ey^iincd fdr oStygen by 
the same means, and thedltii^ re^uc is con- 
sidered as azote. The dafei thj(S|^ore from 
which |hc rcsul^ of the analy^s ar^ made out 
are the proportion of coml>.MStible^ mat« 

ter ij^^^m^^^dbstance examined is previously foiuul 
by calcin^iotr of another portion of th«t Sttme ; 
the actua^l quantity of oxygciv employed in the 
deflagration is know-n Ijy that of the oxyniuriuL 
used; the carbonic acitl is absoi'boil by potasli 
and its carbon estimated; the excess of oxygen 
is found by subsequent detonatife with hydro- 
gen; the hydrogen of th.e 8id>staMce i.s presumed 
to form water with al^%e oxygen unaccounted 
for ; and the azote ex^ts in the residual azotic 

Fifteen vegetable substances were analyiled in 
this way, . tlie particulars of some of which we 
shall give, and the results of the whole at llie» , 
end of this arrrcle^ V 

S’if iJCftr. 1 000 pftlrts of while sugar 1:andy, ex- 
poseil ior many hdiirs to a bpiling water heat, 
lo.st only M parts of moisture. Some of the 
same Migar when calcined loft only yjv of resi- 
due. 'i’ll? quantiticvS used for the experiment 
w^re 'iOO parts of sugiw (exclusive of the mois- 
tifte atul insoluble residue^} and 7 times as much 
oxymuriat of potash, the oxygen of which was 
027 parts (by weight). Tliis oxygen was re- 
covered,* ail but tv/o parts, in 1 parts of car- 
tonxe acid containing of oxygjn, ^ui in an 
ekcess'of of oxygen discovered detona- 
tion with hydrogen. Therefore the ^00 of 
sugar had* in fact only consninod 322 of oxygen, 
all of wdiieh wont to form carbonic aj;:id, of 
which tltertarbon' was J 27.1 ; and a$; n(9^ other 
product from the sugar but carbonic acid and 
water appeared, it would follow that sugar is 
compo^ of 42.47 per cent, ^^carjbon, and 
67,i^,^vWater, ekhcr as such, gen fl^d 

bji^bgen in the exact proportioiii required to 
form water. 


H 



A 




am jirahiSi’^Starcl^-S u^Sf M^ky Odh 

and Beech Woody being 

composed merely of cai^l^lwp^« and 

hydfogen in the propQ^i^|l|t^^mred to fbwin 
water. ■ v- v*" '• .■ ‘ 

Mucous Acid. This aci^p^as prepared by 
heating milk with nitrfe arid; The ^ 

foluti6n soon%ecarne turbid, and much mucous 
acid was deposited, which was well washed and 
dried in a bolMngfj^ater heat. This acid, left no 
residue iM^tever ja^r calcination. Oh deil.i- 
grating syuven pQjrtfbn of it with four times its 
weight or^xygen id the above-memioned appa- ' 
ratus, and c^pmating the oxygen and carbonic 
acid of tfilfc.^roduct,.'‘X.?^^ excess of 

oxygen required to form 

water wdth 5 ;^nc" hydrogen of the mucous acid 
was fqpnd, and fierce the acid4s consid^M^ as 
composed of carbM, water, "^nd oi^y||m in 
exces^. 'V' '• 

t)xalic Acid. This acid was dbtjmixed im- 
mediately with thebxymuriat of potash, but was 
first combined with lime (by being saturated 
w’ith ammonia and precipitated by muriat of 
lime) and the i|.rit*d oxalat of lime was calcined 
byiksclf in a phtina ct.ucible, and thus found to 
consist of qf acrd^ptl S8.G55 of lime. 

A given portion of tK^ ;:^ala^ of lime was then 
deflagrated in tlie usual* Way with 1 J its weight 
of tl^^. ciiy muriat, and the results analyzed as be- 
fore, but as a portion of the carbonic acid was 
retained in the deflagrating tube iinite<l with the 
'^lime and muriat of potash, tlriq 'vas separately 
; analyzed;rl>y muriatic acid aq.^ the carbon^ acid 
expelled. ^ ; ‘4 

Tartnreoifs Acid. Thi^ acid was extracted 
in the usual way from tartrite of lime by sul- 
phuric acid, but as it still retained a little of this 
latter acid even after repeated crystallization, it 
was dissolved in water and boiled with powdered 
litharge added gradually till the liquor no longer 
precipitated nitrat of barytes, by wliich means 
Ml the;isulphuTic acid was got rid of. The lead 
in solution was then separated by a current of 
sulphurc^diiydrogen gas, and tne clear liquiS.; 
w'hen evflporawjd gave pure tartareous acid, ft 
was found impracticable however to m^c it into 
balls with oxymuriat of potash and water, as it 
deliqui^ced instantly on exposure tb gjSr. < 

The therefore cpinbined lime, 

the tartrite of lime, dried at was found by 

calcination to consist of 77..'577 of ^id and 
SS.423 of liM^ and this was further tiialyzed 
in'^e samelm&ncr as the ox.'flic acid#^> 

Citric Acittp This was analyzed exalitif^s 


the preceding c^id. Tithe citrat of lime consisted 
of arij^ md ^1.17 of lime; . - 

j Acette Ac^a. Tlie acid here employed was 
first expelled from acetite of potash by sulphuric 
acid, and then heated with an excess of carbonat 
of barytes and the acetite of barytes evaporated 
and dried. But as thi^ acetite could not be ana- 
lyzed by ^simple calcination, (no continuance of 
heat bemg able toexpell from the barytes all the 
car^nic acid formed by the combustion of the 
ace'^us) 30 grammes of the acetite were de- 
composed by sulphat of ammonia, and the sul- 
of barytes was transferred, while still wet, 
platina crucible, and gradually ignited, till 
all the suiphat and acetite of ammonia adhering 
to it were expelled, and thesulphat of barytes re- 
mained pure. It weigffSci 23.443 grammes and 
contained 67 per cent, of barytes; and from 
these data acetite of barytes dried at 212®. con- 
sists of 43. 17 acid and 56.83 barytes. This 
acetite W'as then deflagrated as the last, and tho 
results examined. 

All the acids here examined contained a 
notiible excess of oxygen, as will be seen in the 
tabular statement at the end of this article. 

Jici^in of "rurpentwcy or Common Jtvsin, 
This was simply mixed with 12 times its weight 
of the oxymuriat and tleflagrated in the appa- 
ratus. Scarcely any carburetted hydrogen was 
procluccd by the combustion, but carbonic acid, 
and-mucl^wateri vrhich last when collected and 
examhtf^’^l^as neither acid nor alkaline, and the 
residuc>ij^ the tube : was pure muriat of potash. 
The large quantity bf water produced indicated 
a proportional excess of hydrogen in the resin, 
so that by the usual mode of estimation this 
resin contained carbon, oxygen and hydrogen in 
the proportions for constituting water, and an 
excess of hvdrogen. 

Copnty // V/.r, and Olive Oily were analyzed 
in the same manner, some little diflerence being 
observed in the manipulation -pf mixing thenv 
with liie oxymuriat. 

From the analysis of the above fifteen v^e- 
table subi^tances the authors consider that the fol- 
lowing important inferences may be deduced, 
namely: 

That a vegetable substance is acid whenever 
the oxygen which it contains exists in a larger 
report ion than will constitute water with the 
ydiogexi present. 

That a vegetable substance is resinous, or 
oily, or alcoholic, &c. wfinm the oxygen is ia 
less proportion than is required to form water 
with the hydrogen.. 





That when the oxjrgeip^cl hvdrogen are in 
the e3^i;;t proportions in miiph v^ey constitute 
water, tne vegetable suhstaiice^^ef iauaiq^^ to 
sugar, gunijlfecula, ligneous fibre, See. 

The analysis of some of the primary animal 
substances was then undertaken. In this case 
there is another element, azote, which requires 
particular noHCe. Whenever any animal mat- 
ter is deflagrated with an excess of oltymuri.it 
-•of potash, a quantity of nitrous acid gas is 
formed, which is the greatest where the hl^t 
required for combustion is the lowest. This 
circumstance would render the analysis in the 
way above described much hior» compHcdt^ 
and uncertain, unless some method could be 
found of preventing the formation of nitric acid. 
This the authors asset# is eflectually done by 
lowering the dose of the oxymuriat, so that 
with this, neither ammonia, nor nitric acid . 
is produced, but whole products are azotic 
gas, water, carbonic acid, and oxycarburetted 
hydrogen, and with proper precautions even.the 
latter compound may be almost entirely pre* 
vented, and nearly the whole of it changed to 
carbonic acid and water. The requisite pro- 
portions of oxymuriat of potash and the animal 
matter employed must be found by previous 
trials with successive quantities. Tlie animal 
matter, long dried at 5^12®, must be mixed, 
thoroughly, first with thrice its weight of the 
oxymuriat and thrown into a crucible barely 
red-hot. If the residue of the deilgj^^on is 
black it will shew that thef^ is too oxy- 

miiriat, if it is white the qutrttity of this salt 
may be too much, if it is greyish the proportions 
are sufficiently correct j or at any rate neither 
nitric acid nor amrhonia muU be produced in the 
deflagration,- though perliaps there will be sonic 
carburetted hydrogen. Whenever any gas con- 
tains along with this gas a certain proportion of 
azote and carbonic acid gas, thq presence of 
these will prevent the entire combustion of the 
carburetted hydr^^n with any oxygen that may 
be added. It will therefore he necessary to add 
a small quantity 6f pure hydrogen to produce 
the detonation of the carburetted hydrogen, and 
its total conversion into carbonic acid and waten 
Fihriue, The fibrinc collected from ox- 
blood by stirring it as soon as drawn, was dried 
by long exposure to boiling-water heat; and a 
portion of it calcined by itself left only -ir «7 of 
fixed matter. Another portion was then mixed 
by long trituration ^th moist oxymuriat of 
potash, then made innIFbalTs and deflagrated in 
the same manner as the vegetable substances. 
T'he flame was very intense, ^nd much water 


^idensed in thi^poteir part, df^^he^ npp«iVatns. 
The re 8 id^ 4 ^|^|ijred-hd^^^^^^ tvas a ^hite 
sa^nc muriat of potash 

wii^.the nicom^pnpla^rt of the fibrine« The 
results after subs^^plnr analysts gave for the 
cottstituents of fiBifae. carbon, oxygen and by- 
drogea^^ in the pro^itions of watci^ome excess 
of hydrogen, afid azbte. T^c quantities 

will he found in the table. 

Albumen from white of egg^^ Cnscum or the 
pure clv^$e of milk, and &c7ifitt//7e ana- 

lyzed exactly in the same yi^yi exceM'that the 
oxymuriat was add^^o thh gelatine In solution 
(its proportion of dry gelatine betng^^npwn) and 
both were dried together By boiling-vi^tcr hear, 
this being ^e^only way in thp.^o could 

be intimately mixed. 

The^encral result of the Sjialysis of ^these 
four subst^pccs is ; tha^iey all contain 

even Wbi]fe,, 5 arbori than sugar'or gum doeii, tlrat 
in all the hydrogen exceeds the proportion re- 
quired tb iorm water with &e oxygen pre- 
sent, and that the azote also found is not lar^ 
from the proportion required to form ammonia 
with the excess of hydrogen. ^Jlenco (sup- 
posing the small differences to from 

unavoidable errors in, tlni practical part of the. 
experiments) it is not unlikely tliat these animal 
substances might be 'Wsolvcd into carbon, - 
water and ammonia* In this j^int ofe view 
these animal matters will bear a strong analogy 
with sugar, mucilage, &C. inasmuch as each 
consists of carbon, and other constituent parts, in 
the exact proportion in which they will: unite 
into sorfie definite cpm][)Ound, being carbon and 
water in tlie vegetable substances ; and carbon, 
water, and ammonia ill the animal. 

'riie authors have not carried llteir experi- 
mental research further, but they suggest the 
probability of further analogies between the 
veg^tabte .aud animal principles in the animal 
acids and animal oils. 

We iihall not give the general ob^^ervations " 
which are Suggested to the a!ithors of-these ini- 
pc^ant experiments, but shall only ^bc 
tafiics of the actual results. It will bc ’linder- 
’ stocAl that i^ie substances analyzed are taken, ex- 
clusive of 4hcir incombustible earthy metallic 
and saline contents, and that no azote S 3 consi- 
dered as et^^tng iti^ the vegc t>*l:)le pljtnciple.^ 
In the animal substances all the hydrogen and 
azote are. estimated as constituting^ ammonia, 
aliowingtAM'^ie excess or dcficicncy^j^j^his prin-r 
ciple^'ilp TO attributable to Errors 

the iMill^rimeuts. 
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Table of 



parts of the folIiMt^ng Viletable Substances.. 


. J 

Subatance analyzed. 
100 parts 

Carbon. 

Oxygen. 

Hydrogen 


ing the Hy 

m to form 

Water. 

■ 

Sugar . . 

• 

4«.47 


6.90 

42.47 

57.53 

0 

Quin Arabic 

• 

4S.23 


6.93 

42.23 

57.77 

0 

Starch ./ • . 


4S.dd 

49.68 

6.77 

43.55 

56.45 

0 

Sugar of Milk . 
<^iriwood . , 

• 

38.825 

53.834, 

u 7.S41 

.38.825 

61.175 

0 

• 

59.53 

41.78 

p.69 

52.53 

47.47 

0 

JE%ch wQod , 
MaiUous Acid . 

• 

51,45 

42.73 

5.82 

51.45 

48.55 

0 

• 

33.60 

62.67 

3.62 

33.69 

30.16 

56.15 

Oxalic A. • • 

• 

26.57 

70.69 » 

2.74 

26.57 ■ 

■^22.87 

50.56 

■*rartarcTOS A. . 


1.24.05 

.<(^69.32 

6.63 

24.05 

56.24 

20.71 

Citric A. ' . 


" ^.8l v ■ 

PA9.86 

6.33 

33.81 

52.75 

13.44 

"Acetic A. ; . . 


50.22 

44.15 

5.63 

50.22, 

46.91 

2.87 

Hydrogen; 
in excess. 

Rosin . . , 

• 

75.94 

13.34 

10.72 

75.94 

15.16 

8.90 

Copal . ... 


76.81 

10:61 

12.58 

76.81 

12.05 

11.14 

Wax % . . . - , . 

• 

81.79 

5.54 

12.6 r 

81.79 

6.S0 

11.91 

Olive Oil . . 

• 

77.21 

9.43 

13.36 

77.21 

10.71 

' 12.08 


\ 


T^ble of the constituent parts of the following Animal Substances. 


? 

Substance 
analyzed. 
100 parts 

Carbon. 

'1 

Oxygen. 

/ > 

Hydrogen 

Azote. 

1 ^^r, sup 
with part < 

jder of the 

Ithe Azote 

1 Carbon. 

1 

Pf C7 SiT?3hii 

Oxygen to 

rogen, anc^ 

to fbrpgi Ai 

Ammonia 


Atbumen 

Cascutn 

Gelatine 

Fibrin 

52.883 
59.78 1 
47.881 
53.360 

23.872 

11.409 

27.207 

19.865 


15,705 

21.381 

16.998 

19.934 

52.883 

59.781 

47.881 

5.3.360 

27.127 

J 2.964 
30.917 
22.369 

23.182 

81.778 

22,^43 

23.463 

—3.191 

—4.623 

—1.541 

-1-0.808 


ANDALUSITE. Feldspath Apyre H. 

"Its colour is flesh red verging on rose red. It 
occurs massive and crystalHzed'ih rectangular 
prisms. Its fracture is imperfectly foliated ; 
the natural joints arc parallel to sides of a 
^ nearly ^l^tangular prism^ and to of the dia- 
gonals of Its transverse section.^ It » translu- 
cent; is harder than quartz, and ^^dhietimes 
even than spinellc. Sp. gr. S.l# ^ 


It is infusible before the blow-pipe without 
addition. It is composed, according to Vau-. 
quelin^ of 

.09. alumine 
S8. silex 
8. potash 

ome of irou 

. 100 , 
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Tliis mineral in its cij^irstalline form ap« 
proaches very near to felspSr> and in its analysis 
difiers only in containing an excesi^f Sluniine; 
to this exce.^ its hardness and infiisibility are 
no doubt to be attributed. It was the opinion 
of Count Bournon (and M. Hauy seems in- 
clined to agree with him) that andalosite is 
felspar intimately mixed with corundum. 

, It occurs in granite in Spaiii^ France^ Saxony, 
TWand, and Devonshire. 
AN'rHOPHYLLITE. 

This mineral has a perfectly foliated struc- 
ture, and though not crystallized, is divisible in 
the direction of its natural joints, pLirallcl to' 
the sides of a rect;angular prism ; two of these 
sections present brightly shining suv faces, and 
arc much more easily dW'hied than the others. 
Besides these four joints two others may be 
perceived on close inspection with a bright 
light, dividing the prism diagonally. Its specific 
gravity is .*>.2. Its hardness is about equal to 
that of glass. Its colour is brownish, with more 
or less of a pshudo-metallic lustre. It affords 
by analysis, according to M. John, 

62.6‘(> silex 

aluniine 

4;0 magnesia 

]!2,0 oxide of iron 

oxide of manganese 

I . 43 water 

96,67 ' , , 

ANTIMONY. 

§ I. Ores of. 

Red • AmimiSiiy. . 

This substance was supposed to be a native 
kermes or hydrosulphiiret of antimony, but, 
according to a recent analysis by Klaproth/ it 
affords 

67.5 antimony * 

10.8 oxygen 

19^^ sulphur 

98Xf. 

Native Antimony. 

A specimen of this substance from Andreas- 
berg in the Hartz, has been analysed by Klap- 
roth/ with the following result: 

98. antimony 

J . silver 

0.23 iron 

99.25 


«,.Wh!te^ Antimi^. , 

A speciimn^vll^^ minet^ in quadrilateral 
tabular ^ in Bohemia, 

was analysed/^ with the especial 

obj^t of ascertainidj^i^ll^thcr it contained any 
muriatic acid as j||||p been suspected by Hac- 
qiict. for this 25 grs. of Uie mineral 

were fused with 5^>grs. ofc^hotxkted potash: 
the mass was then digested in water and the 
alkali was supersatuturated by nitric acid. On 
the addition of nitrate of silver no precipitation 
took place, hence the white antimony may bo 
considered as a pure t&kidcof antimony. 

Antimony witli Nickel. 

This ore has hitherto been found oply in .a 
mine at Treusberg in Nassau.** It is composed 
in part of broad parallel plates of a shining 
white, resembling antimony, ai^fl in part of a 
compi^ leaden l^i^y substance with a glim- 
mering lustre* Its sp. gr. is 5.63. Its harjilness 
is superior to that of-grey antimony. Wlicri 
exposed on charcoal to the action of the blow- 
pipe it melts readily, and disengages white 
vapours of an arsenical odour, and wliicli more 
or less adhere to the charcoal in f^m of a yel- 
lowish powder 5 by degrees the gloTrnle becomes 
less fusible, and there remains behind a white 
brittle refractory button. 

By digestion in nitric acid a portion of ilie ore 
is converted into a yellowish white voluminous 
powder, and the rema!h$lei^ combines with the 
menstruum into a green liqu&r. 

The jpowder, by digestion in muriatic ac'ul 
slowly dissolves, with the exception of a small 
rcsidue of a yellowish ^i?olour whi^hj^nsists of 
sulphur, of sand, and of a little arieniatc of 
iron. *^11118 solution when diluted with water 
lets fall a wliltc precipitate consisting of muriate 
of antimony and oxide of arsenic, inseparable 
from each other with perfect accuracy ^ accord- 
ing to Vauquelin, by any known chemical pro- 
cess, but in a considerable degree decomposable 
by distillation vvich suljdiur which rai.ses the- 
principal part of the arsenic in the form of real- 
gai^. What remains in the retort is sulphuicC 
of antimony with a little arsenic and lead. 

The green nitric solution contains nickel, 
arsenic, and a little lend. 

From the result of this examination, 
from the dilEercnt degree of fusibility exhibited 
by different portions of the ore, it is considered 
by Vauqudin as a mixture of sulphurct of an- 
tinaony, o|^Arsemcal nickel, a little gjSlena and 
iron pyrites. v " 


• Klapr. £ 63 . ii« 147. * Ann. cle Chim.UzxuL p. 229. • Ann. dc Clum. Ixzxv. p* 2(?, 

* Hauy tab. comp. 299. Klap. £ 33 . ii. 142. 
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The same lire has since |i«en^eilbjected |p a 
•careful annlysis Klapro^i^^f . ^ 

1« ^00 grs. separated p^MsU 

'ble from the mth which, It is 

naturally mixed, ^TOrlS^ested in cotdv^qua 
regia,' comported of 5 parjKpuriatic acid and I 
part nitric.* 'L l.c undisscM&^siduc^as again 
subjected th thei same process, after which what 
remained undissolved was well washed in alco* 
hoi and dried. Its weight was 5 1 grs. of which 
41 grs. burnt off with all the appearances 
attending the combustipn of sulphur, leaving 
behind 10 grs. which diiMved entirely iu aqua 
regia. ^ 

S. 7he solutions were mixed together in a 
retort and mucli concentrated ; water being 
then added a copious precipitate fell down. U'he 
supernatant l^uor was agaip/concentrafed, and 
a second precipitate was ^l^^ned as^^|lfore by 
the of Water. • * 

*J. After separiiting the precipitate the fl.iid 
was again concentrated, and appeared of a 
grass-green colour ; ammonia was then added 
in excess which threw down a brow:n oxide of 
iron weigh&g after calcination 13.5 grs. 

4. The Ommonlacal solution was evaporated 

to dryness, and^tlte saline mass gently ignited ; 
the residue which had the appearance of yel- 
lowish brown micaceous scales was digested in 
muriatic acid, in which it entirely dissolved. By 
vSneans of caustic potash' a precipitate of an 
apple-green colotir was obtained, which by cal- 
cination IdS behind 93.S5grs. of ptirq oxide of 
nickel of a slate grey qglour, indicating 70.75 
grs. o£ iiickel-^^ < r > : 

5. ^irtte precipitate N® 2, proved on exarriina- 
tlon to be arseniatc of antimony, but all attempts 
at an accurate decomposition of it v/crc fruit- 
less. 

Thus foiled, M. Klaproth had recourse to tlie 
followuig method. 200 grs. of the levigated* 
ore were ignited with 600 grs. of nitre; the 
Itinss was then lixiviated and well washed. The 
lixivium on being slightly acidulated with nitric 
acid gave no precipitate, a proof that no-^nti- 
inony had been taken up. Lime water was then 
added and a voluminous precipitate of acseniate 
of lime fell down. This fatter after being 
washed and dried was mixed with one-third of 
itsvvdght of charcoal and sublimed ih a retort, 
and afforded 22 grs. of metallic arsenic. 

The matter insoluble, in the lixivium was 
^gestedin aqua regia ih which it^^ssolved aL 
most entirely, and from this so/iitiqn water 

« Klipr. 134. 


threw down a pri^pitate Weighing llOugrs. 
equivalent t^jBO grsi. of metallic antim|^ny. 

Heqee tlle'%<>hstituent parts of this mineral, 
omitting the oxide of iron whicif is considered 
by Klaproth aft acciJcntal, are 

25.25 metfiDic ^nickel 

47.75 — antimony 

11.75 — ifrSeiuc 

15.25 sulphur 

loo! 


^ 2. Chemical Properties. 

Much difference of opinion has arisen w^itli 
regard to the number and composition of the 
oxyds of antimony. /JPhenard reckons as many 
as six, Proust only two. According to the 
latter chemist the lowest oxyd or subox^d is 
composed of 8 1.5 metal to 18.5 oxygon or 22.7 
oxygen upon 100 of metal ; an 1 the highest 
oXyd ot pcroxjt/d contains 77 metal to 23 oxy- 
gen ; or 29.87 oxygen upon 100 of metal 

Pr. Berzelius reckons four oxyds of anti- 
mony, two of which h.iv? the characters of 
acids. We have not the p.srticulars of the ex- 
periments, but the following are stated as the“ 
results : 

The first or lowest oxyd is obtained by ex- 
posing antimony to the action of the positive 
side of theyVoltaic pile. It is grey, and when 
in with acids that do ne t tlicmsclves 

ithpaiH^xygcn, part of the oxyi! mums to the 
me^Ilic state, and the rest passes to the second 
oxyd and dissolves. 

The second oxyd is the baiilftf emetic tartar, 
and most of the other anti^Sfonial salts. This is 
white and fusible. 

The third oxyd is also white but infusible at 
a \vhite heat. It possesses all the characters of 
an acid, and is called by the author Siibidas 
Acid. The white oxyd of antimony by nitre 
is ill fact a salt compose^lMf potash with aii^ 
excess of this stibious is decomposed 

by boiling water into a TOlilral soluble silblale 
of potash, and an insoluble pt^rtion w'itli still 
greater excess of; acid. From this soluble 
stibiate of potash professor Berzelius has formed 
many' oth<&r neutral stibiates. 

The fourth oxyd is straw coloured and is an- 
acid with higher oxydation than tlic former, 
and therefore has the name of Slibic Acid. 
At a high temperature it gives out oxygen and 
passes to the offmlihioits Acid. 

• An. Chim. tom. 83, p. IGD. 
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The reji|iectlve proportions of infftSl and oxy- 
gen in, these compounds are the followiri;T. 

7'he second oxyd contains JOO. antimony to 
18.6 oxygon. 

'I'he third oxyd . contains 100. antimony to 
27.9 oxygon. ■ 

^'he fourth oxyd contains 100. antimony to 
. .37. 8 oxy geh. 

These three oxyds therefore have their oxygen 
in the proportions of 1, and 2. 

The elements of the first oxyd are not given. 
It may be presumed (according to the theory 
of definite proportions) to contain either 9.3 
or ~ 4.65 oxygen to 100. of metal. 

The same author also lyyes for the elements- 
of the sulphuret of antimony, 100. of antimony 
to 37.25 of sulphur. - > 

Tartarized Anlimom/. — Tartar Emciic. 
A very elaborate examination of this salt and 
of the various modes of preparing it, haS been 
given by a practical chemist, Mr, R. Phillips, ^ 
wlio has shewn the great uncertainty of suc- 
cess in following the mode laid down by the 
Lo,ndon College of Physicians in their last 
Pharmacopoeia. This uncertainty arises from 
the strong tendency in this metal to pass from 
the state of suboxyd (in which alone it is 
soluble in tartar) to that of insoluble p^croxyd^, 
Mr. Phillips has given as au improvem^jtvjtn 
the process, the employment of the sub-su^pfut 
of antimony as the base to be afterwards boiled 
with a solution of an equal weight of cream 
of tartar, which jMSt^lUzcs with the tartar 
into the tartarized’^aift^pony, or triple tartrite 
of antimony and potash. The sub-sulphat is 
prepared by boiling and evaporating to dryness 
a mixture of sulphuric* acid with about half its 
w^cight of metallic antimony, and afterwards 
wasliing out of the residue all the iincombined 
sulphuric acid, leavinj^^|asteless sub-sulphat,' 
in which the oxyd' :i]pp('1>e at a low stat^ of 
oxydation, since it" dU>^tves copiously with 
tartar and forms with it the tartar emetic. 


posing fi*ag*A|frn^^^i^^ubsta^ to a bright 
light, imlications be perceived, 

the direction of whic^^^cmbined with that of 
the striae,^ffords f^^^ supposing th.at its 

primit i ve ' is STOe. Its specific gravity 
is 3.44. It scratches Vquartz though slightly. 
Its fracture is -uneven, passfng into small con- 
choidal with a moderate lustre. It is op ike 
and in very minute crystals translucent. Before 
the blow-pipe it is fusildCLinto a blackish glass. 
It affords by analysis, aMlf'ding to Laugier, 

40. silex 

20. alumine* ’ 

14.6 oxyd of iron 
"11.5 lime 

■ ! 2. oxj^;«of manganelh 
fei^l^inous silei 
‘ 2:^ volatiiejnatter 

95.0 

It occurs in Siberia on the banks of l;lie river 
Lena. 

APOPHYLLITE. See Icht^hyophthal- 

MITE. 

ARCTIZITE. See WERNERifE. 

ARKND ALITE. See Straiilsteiw, glassy.^ 

ARGIL, native. 

A small portion of this ihhieml, not suffi- 
cient for a regular analyris> was exaoet^ed by 
Fourcroy, who states it to contain about 24 

f er cent, o^^^ulphate of-;|^e (Ann. do ||En8. ' 
, 4.5) ; sipdiHvhich it has oeen formili^Rjfl^- 
lyzeft i^y M. Simon of Berlin, and by Bucholz,. 
withthe following result#. • 

'Simon. Bucholz. 

32.5 — 31 0 alumine 

19.25 — 21.5 sulphuric acid 

p.45v— I 2.0 oxyd of iron v ' 

0.35 — > lime \ 

0.45 — 3 silex 

47. ’ 45. water 

106.00 — 90,5 


^ As all tartar contains .*tartrite of lime, some — ‘ 

\plphnt of lime is also produced by the a$id of ARaSENIC.— AR.SENICATED HYDRO- 
the sub-sulphat, which partly crystallizes along; GENi ARSENIATS. 
with the emetic tartar, but is separated by a {^i. Ores of Arsenic , 

second solution. Mitpickd., 

APLOME. Soma recent experiments on this ore have 

This mineral occurs in rhomboidal dodeca- been made by J^^Chevr^^ul.** Whcai misplpkel 
hedrons of a deep brown co)|||r ^lining more is heated in.^ retort,, there rises a sdbli- 

or less to orange, striated externally parallel to mate consisi^pg^pf metallic arsenic with a very 
the short diagotials of the rhombs. On ex- small gortidh.. of orpiment, and the residue: 


^ Experimcnul Examination of the Pbarxnacopxda. a Klapr. Diet. Cium«art. Aiumht.nati^ 
^ Jouru* p. 45SU 
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consists of sulplmrct iof ijrt^ som 

traces of arsenic., .i'^h^ cohiponent parts of 
this ore^ as deduced i^m a separate ayialysis 
oT the sublimate and of .residue^ arc 

mr § * * 


4:i.4 ] 8 ws#iic 
34.M8 iron 
0)f 131 sulphur 

98.490 


Iron is well knCKiii to have a stronger 
aflinity fur sulphur than arsenic has, and as vn 
the present instance the proportion of iron and 
sulphur is just sufEcient to form the sub*sul- 
phurct, it appears probable that mispickel is 
a combination of iron pyrites and of metallic 
arsenic. 

Arsenival Pj/ritcs»^ 

The primitive form of this substance is a 
strait rhomboidal prism, the angles of which 
are alternately i I I®- IS' and G8®-42'. . ' 

It is composed, according to Lampadlus, of 
5tS.9 iron 
42.1 arsenic 


clear fluid^^spected to contain aifcnic into 
any gl-iss vessel^ stir into it a gUss rod dipped 
in pure ammonia, and immediinely after ano- 
ther glass red "wctteil with nitrat of silver. 
The same orange yellow precipitate will im- 
mediately appear. C^are should be taken to 
add only a very small quantity of each’ of the 
reagents, particularly of the ammonia. In eifht?r 
moilc it is obvious that any muriatic ac’J pio^ 
sent will give a precipitate with nitrat of silver, 
and this metallic salt will also be decomposed 
by the carbonated potash or soda where tlii > 
method is used, so that it is not the mere 
appearance of any precipitate, but of an oiu.t^c- 
yclioiD precipitate that will determine the pre- 
sence of arsenic. Y^liere the arsenic is in the 
, state of .arsenic acid the colour of the precipitate 
will be bifck-red. 

This precipitate is a compound of oxyd of 
silver and arsenic, cither j:;irti.illy or cn(iri?!y 
oxydated, and when i'.cated jJi r especially 
on charcoal, th(> arsenic subiiitics and leaves a 
globule of pure silver. 


101.0 


§ 2. Qjh^mical Properiies. 

It is.4pftcn desirable to detect 'minute quan- 
tities of argcnic mixed wdih other substances. 
Some of these medus have been already men- 
tlon^tt UQder this artaclc, (Chy JJiet. i. p, 
but anotiier should be noticed oh account of 
the groat extent of its operation. It cbnsists 
in first dissolving the arsenic in water, adding 
a small quantity of sub-carbonat of potash, 
and then applying nitrat of silver. The pro- 
cess is thus described by Mr. Hume who first 
suggested it.** Put in a glass flask two or 
three grains of the powder suspected to be 
arsenic, add eight ounces of ^stilled water 
and gradually bring it to boil over a lamp or 
deaf fire. Then add a grain or. two of sub- 
carbonat of potash or soda, and shake the 
mixture. When clear, pour some of the solu- 
tion into a glass, and dip just under the surface 
of the liquid a stick of Igbar Rustic, and a 
beautiful yellow precipitate wdll appear, which 
can hardly bo confounded with any other 
substance. 

Dr. Marcet « has given a Variation of this 
process which has the advantage of being per- 
formed in a few seconds. Pour some of the 


Orphnrnl and Rral^nr. The following 
distinctive characters or these substances are 
given by Thenard. ^ 

Both of them melt and sublime unaltered Iii 
close vessels and without giving out any 
phureous acid. Both are acted on by the 
sdll^huric hiitric and oxymuriatic acids. Sul- 
plil^ric acid acts much more easily on orpiment 
that! on realgar. In both cases sulphureous 
acid and arsenious acid are.,, for mod, but more 
of the former acid of the latter are 

produced with orpimeht than with re.lgar. 
Nitric acid is easily decomposed even wdthout 
heat on both these substances, and sulphur and 
arseniops aciil arc formed. The fixed alkalies dis- 
solve both without heat \ when potash is userl, 
hydro-sulphuret of potash and arsenite of potash 
are formed, for on ^d^ng Hme-watcr to the 
solution a copious white precipitate appears, 
wdiich, when treated wdth carbonat of potash, 
gives a liquid that yields abundance of arsenious 
acid pii saturation with^nuriatic acid and cva>9 
poration. 

' Sulphur fused wdtii realgar converts it into 
otpimeht, and arsenic .v hied to orpiment changes 
it to realgar. Three parts of sulphur and four 
of arsenic form orpiment : and one part of 
sulphur w'id^ tlu^ of arsenic form realgar. 
The latter is tne most fusible of the tw'o. 
Orpiment made artificially by sublimation is 


• llauy. TaUJe Cuuip. 95, 272. * Mafe'. vol. 3fl. • Hffcdipo-Chinirgical^Traneact. vol. 2, p. 15, and vol. 3. 313. % 

^ An. No. 1.77. p. 284. 




very.v:- 


ycUovKvand transparent 
after b^il^ melted j bi . 

bright clear wellow when*! 

The orpimeiu produced in Ae moist way .l^ 
soluble nrseiiite, ' a . hydro-sulphuret, and ' an 
acki| is always'O^f idie same opake bright-yellow 
ms tl;y| other oiii^eiit when pulverized ^ r 
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experiifliMlIto ta 
and therefore the 
gen. Hence the 


^ •Arsenic Acid. Arsenious A(^d. jmcntte^ 
andtArseniate of I^ad. 

According to the experiments of Pjoult^ 

100 parts of arsenic combine with SSofoxyg^eh' this quantity* very h 
to forrn the white oxyd»«or the Arsenious Acid^ of Ptoustj'l 

and with 53 of oxygen to form the he conij^^ 

acid. This subject has been examined hy ^ 

professor Berzelius wit|^he view of accommo^ ; 
dating these numbers t^he system of definij^ 




, mxm^ \ 
— ai8.9rr 

found from very carCfbi 
*7. 15 per cent, irf^xygen, 
.. J-977 epnkain 8.5008 ox y-* 
lObi; or arsenious acid must 



contain some pi^dttiod of oxygen^ which is a 
simple multiple of 8*S068, and as three times 

agrees with the ex- 
intDos acid is assumed 


Arsenic 


proportions explained under the article Awri^ 
NiTT in this appendix. It iV there assume^'f 
that when any base is capable of more than 
one degree of oxygenation, the lowest number 
multiplied by 2, 3, &c. or by the iflternicdiate 
halves 1 1, See. will give all the other degrees. 
Hence the oxygen of arsenious acid hiust bear 
one or otlier of these proportions to that c f 
arsenic acid. Another rule is, that when a 
compound consists of two oxydated substances 
the oxygen of the base must bear an equally 
clcfiniic proportion with that of the acid j hence 
in any of the metallic arseniats (vseniat of lead 
for example) the oxygen of: , the arsen^c^mCid 
must bear a dcHnitc and simjile pvopbj|j|0i to, 
that of the oxyd of lead. Both th^se 
are here examined. » . ^ \ ‘ ^ 

Arsenious ac|d^iitains, according to rrotist, 
3.3.33 of oxy^ftPfj^tljK). metal r^^d arsenic 
acid contains 53 oStygen to** 100.-'nietaJ, and 
other chemists give rather less. The nearest 
definite proportion betwe„en these is times 
33, which gives 50. The following are pro- 
fessor BerzeliuVs experiments. 

200 parts of sub^xyd of lead dissolved in. 
nitric acid, evajKl^l^ilo expell the excess of 
acid and again iSiaSN^sc^ in water, Were pre- 
cipitated by r/r.vr>7i^jbf potash. The precipitate 
or arsenite of lead, which was at first light and 
flocculent, easily separated by boiling, and iiS'hcn 
dried weighed 391.jl2fi, but on being ignited 
gave out 6.65 of water and 16.51 oi uneom- 
bined arsenious acid. The neutral salt remain- 
ing weighed 368.1. 

A similar experiment gave arsenite of lead 
in pr<mortion of 36^. j^ence the com- 
position of arsenite of ifll^ rmiig the iformer 
estimate, IS 



74.48 — 


irio.ooo 

34.963 


— 134.263. 


at of 'lend 
r {^ftion that 


The cilbjftS^icion of tSie arsenic acid ier also 
deduced fr^m its coml]^^ with lead. 

100. parts of arsenialt of lead were dissolved 
in nitric and precipitated hf sulphat of 

ammonia; Tile supernatant Itquoil was eva- 
porated to dryness to expel tlie exc^s of nitric 
acid, and'thc soluble portion \v#>8 again dissolved 
in water and complearly lieutrislized by am 


nionia. This sepiitated a ’ 
which was added to thb oth^ 
remained. insoluble in water. The Whole sul- 
pbat of lead thus obtained was .95. 59* A 
se^pond experiment gaWi heariy shhijpr results^ 
This quantity of sulphat pflelidhiuch exceeded 
that ohta^ied by : and^Rose^ the 

simple admtion'oif sulpljiiin 'of amniohn^^ 
nijfpiof lead in nitric acip, bdt professoV Berzelius 
shews that these eminent chemists were not 
aware of the solubility of a portion of the 
sulphat of lead in the excess of acid. 

Hence arseniate of lead consists of, - 
Arsenic acid . 2.9.6317 — 100.0; ^ 

diib-oxyd of le.id 70.36S3 — 237.5 




100.0000 — 337.5^ 


Thf 237:3 

16.S^1 of ox VI 


100. parrs ox 


of sub-oxyd of lead contain 
jen. Hcnct the epmpositiop of 
arsenic acid (according to the : 
rules hefi^ la|d(^, do must contain U 

ppnSdfi oroxyKft*zs it produced by a sit^Ie 
nfultipitcatibn m 16.981, and at the same Hnie - 
will; affijpNi s^h a propoWfon betW^i th^:mbt)tt 
and the ; o»mh as will give an 
oxygi^ 100/ of the mefii^:^th a , 

rimpie ' lA^le) ratio ta the oxygtii 

* All. ^Idin* ttia. torp' 9. ' 
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of arsMto^ jitcld which4^ anenicat^'li^b^i^fby adding Mr^ter' to tin's 

condidpns witl;-I>ie ^O^c^fJ^tking cf' Kasoh* lound that wl^n 100 

ahl« adiawance for ^ tnung the oxygtn parti of ailteti^iira hydrogen are k|pt in contact 

in 100. parts of afseinh «iia as double th^ of with m^ted tih^^thc latter' extracts all the 
the sub-oxyd of lead with j||hi(^lt is saturated) arseiuc and then the hydrogen expands to 140 
that is, 16.1^1 X 8 = Mf. p;Uts. ( See ihe above afticle^y 

' Arsenic acid will theren||il^ontain, ASPARAGUS. 

Arsenic. . 6(>.0^ lOO The Juice of. this plant has been examined 

Oxygen • S3.962 - — ‘ 51.428 with much c^e and skill by M. Robriquejji, 

„ , . AT quantity of asparagus was first bruised^^id 

lOO.POO — 151.428 - the juice extracted by pressure, and passed 

— through a coarse cloth, leaving a fecula behind. 

And as the arsenious acid contains ;M.26S[;, The juice in this state had a strong unpleasant 
oxygen to 100. of xnetal, the arsenic keid will ' sriiell, and was a dirty yellow colour inclining 
contain to the same quantity pf metal times to green. The fecula, treated by boiling alcohol, 
=: 51.5945, within a vei^ small dif- only partially dissolved^ and the insoluble por- 
ference. - examined in various ways strongly re-- 

It has been already the sembled animal .ghiten, Jn drying to a horny 

article that wnereii^r the i^pUpwlween mass which by combustion gave much ammonia, 

two portions of the saihe substailii' that unite Tfie pait sol uole in hot alcohol deposited on cool- 
to another substance is expressed by a fraction ing a suhstance.a good deal like wax ; whilst the 
(as 1 j) therejs reason to suppose some Tfninimum supernatant solution coni ained a species of resin . 
of combination which will convert these fyac- Thk filtered recent asparagus juice was sen- 
tipnal numbers to integers. This in the present sibly acid and reddened litmus. After boiling, 
instance wm be produced by assuming the to separate Some remaining flbcculi of albumen, 
minhnum of oVydation of arsenic, as either it vras evaporated nearly to dryness, and then 
half or a quarter 6f that of the arsenious acid, digested with alcohol, and tne part untouched 
It is well Lnow||i that when metallic arsenic is * by this agent was dissolved in water. The 
exposed toi4;he ait it loses Its lustre and becomes alcoholic solution gave a very slight precipitate 
covered with a blackish brown powden ^riie with acetite of lead, and this metallic precipitate 
author exposed 200. parts of metallic arsenic was j^^iagain soluble in distilled vinegar, thus 
for two fiiohths to the air, at the end:of which shew|^ uia^ the acid of the asparagus Juice 
time it entireljPyfell into a bulk;y.black powder, was *Aojt ;the malic. Another portion of the 
The increase of vreighT'in that tiipe was 16.2, juice assayed by distillation with sulphu- 
smd in another month tile further increase was ric acid, and a quantity of acid unilod 

only 0.75, being in all 16.95, or in the proper- wdth potaslk.was obtained^ '^tll the acid of 
tion of 8.475 oxygen to 100. of metal, and the j.uicc was not clearly made out, and it was 
8.475 x6 =50.85, which docs not much afterwards- analyzed witli great attention. To 
diiFer from 51.428, the highest term of oxyge- obtain it pure the expressed juice of the plant 
nation. Hence it is probable that the arsenious was first isoagulated by heat^ and the clear 
acid i$ 4 times the minimum of oxygenation, liquor filtered. Into tnis liquor was poured 
and, the arsenic acid 6 times. acetite of lead as long as apyjprecipitate formed. 

The Ar senile of Lead mentioned above has and this last when ' well Jlnfsled was digested 
the following properties : when dry k is white, with a thFrd of its weight; of sulphuric acid 
and by .friction it becomes apibarehtly even diluted with three parts of water, and mode * 
move ekcftfic than sqlphur. When melted it rately heated. The sulphat of lea J thus formed 
is transparent,, and remains so^tjifier cooling remained at the bottom, and the clear super- 
and .then becomes yelloMush,. but of a dark natant liquor was evaporated to an extractive 
-grofsh if any copper is prcseiijpl Atsemtevof consistence, and treatetl with alcohol twice 
lead kept at a red heat gives out arsemops aetd^ successively (excluding a little insoluble matter 
and is gradually chaivTcd .to arseiiiate c^^lead. each time) till a clear solution in the spirit was 

obtained. Tl^is. acid was brownish, had a 
- ithe article Alkaline /|h this very sour taste some unpicasunt 

a]^n^x we have mentioned the flavour par^iculftfly Wien heated, and gave 

potasMUm and arsenic, and the production of soluble salts with the alkalies and insoluble 

* An. Chim. tern. 
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ones with the earths. It decomposed the earthy 
acetites hy simple affinity, M|^;aIso i:n^ny 
tallic salts, particularly thosie O^tiK)!^ copper 
and lead, anf the salt produced by its mixture 
with acetite of lead was iti the form of white 
flocculi insoluble in disHlled vinegar. In this 
last property it differed decisively from tte. 
inalte.acidi and.also in decomposing the sulpbats 
agd acetit;es of irpn and copper. To ascertain 
the-^nature of this acid ox asparagus^juice |t 
was precipitated by lime-water, and the washed 
precipitate calcined in a silver crucible rill all 
the carbonaceous matter had disappeared, and 
a grey calcareous salt remained insoluble in 
^ water. This was boiled and dissolved ii^ dis- 
tilled vinegar and precipitated unaltered by 
ammonia, and then waiiibund to be phosphal 
of lime. , , 

To prove still further ' that this supposed 
peculiar acid is the phosphoric, its combination 
with lead (made by precipitating aCetite of 
lead) was fused with the blow-pipe, and the 
button assumed on cooling that polyht^dral 
form which is so characteristic of phosphat 
of lead. * 

. Asparagus-juicc does however cohtain some 
peculiar substance#. A Quantity of the juice 
was concentrated and left for a considerable 
time to itself in M. Vanquelin’s laboratory. 
After a while a good many crystals formed m 
the liquor, obviously of twp distinct kiqds, 
which were examined by Messrs# 
and Robriquet.*" * 

One of these (which indeed had before beeii 
noticed by M. Robriquetj liad the follo^ng 
properties: 

When obtained ^ure by repeated crystal • 
lizatioii it assumes the form of rhomboidal 
prisms. It is quite white, moderately soluble 
in water, and i^ither jcrd'^hor alkaline ; infusion 
of galh, acetite of lead, oxalat of ‘ammonia, 
muriat of barytes, and hydro-sulphuret of bary- 
tes, .produce no change in it is iuMuble in 
alcohol. It contilin# neither ammonia nor 
earth : when ignited per sc in a^platina crucible, 
it swells^up and. exhales pungent vapours, and 
leaves a bulky coal but absolutely Insipid, and 
the ash U not in tiie least degree alkaline. 
Nitric acid decomposes this salt and prpduccs 
a yellow bitter liquor containing much am-* 
.monia formed in the process. 

This salt therefore seems at present to be 
a peculiar crystal lizab I e^su^ance containing 
none of the Known aciiK/maUcJ, earths, or 
other salifiable bases. 

^ Aa. Chim. tom. 55. ^ An. Chim. Ixvii. 325 . 


. ^^ The Qthe^ crystals formed in the aii^arajgus 
Iiqiibr 'were equ|ljy white, and im* 

perfectly crysrai^i^ lu^^ n^les hayiAg g 
sensibly saccharine that of ' manna. 

It has not been further' examined. 

AUGITli. M- ‘ 

In ad^tion ti#:dS^nalySfs of the yolcanfc 
Augite from Etnii ^.Vauquelin, -already cited, 
we now have analyse!^ of the Augite of Frascati,'* 
and of Gin liana* in Sicily by Klaproth. « 

Fras. Giul. 

48. — fi3. silex 

24. ■— jo* lime 

8.7a — 1.75 magnesia ' 

6. — 16.5 alumine 

12. — 1S.75 oxydofiron 

oxyd of manganese 
trace — — potash 

_ 1,5 

OSM 98 S‘ 

The Norwegian Augite has^lso been ana- 
lyzed by Simon and Roux^ with the following 
result^. , • 

Simon Roux 

50.25 — 45. silex 

23.5 ~ 30.5 * 

3,5 3. allpilne 

7. — magneirf^ 

10..5 i 16. oxyd of iron 

2v25 — 5. oxyd of manganese 

•0.5 — — water 

a trace — : th(^me 



On cx.'iminingf however the details of the 
analysis by M. Roux, it is manifest that lie 
foiled to precipitate the whole of the alumine, 
and that the wliole of the magnesia was left in 
the lime.* ♦ 

Var. I. Coccolitc, Korniger Augit^ Kars^ 
ten.., %; 

Ini colour U a deep green; it presents an 
assemblage b^slightly coherent granular con- 
cretions of various sizes up.to that of a nmall 
pea, several %{ which resemble Crystals with 
their solid an^iigr worn off*, and M. llauy, by 
miecharfical has actually reduced 

to. tetnhed^al prisms. Internally^thi^i mineral ia 
shiniin^^Witb a vitreous lustre; its fracture ir 
foliated v scratches gbsS, 

givj^’tt||g|^ sparks with steel. Sp. gr. 

^ It'^il^^lfusible by the blowpipe withotitad- 

s-iUapr.^^XKct. de Chim. * loura. de BJiiici. 

" • ■■■ ' 1 9 



ditl^'l^ith iod^^U forms an otiye jgreen tlsigg^ 
g)ass» - and w|p a^pale fellow ^»«^itrans-» 

parent glass. It has Ewnahalyild by Vauqueliii, 
and appears to consist^f 
, 50. silex 
24:> time 
% !©:■ magn< 

1.5 alumin^ 

7. oxyd of iron " 

S. oxyd of manganese 



93..5 

4.5 


loss 


v?:f- ■ 


It occurs in the iron mines of SuderhiMia ; 
and of Arendahl in Norway. i j 

" Varr 2. Sa/iUte^ MalacpHte^ }iy^0tada. 

Its colour Is pale greyish green external 
lustre is vitreous approaching to waxy; it is 
translucent; it scratclies glass slightly, but gives, 
lio. sparks with steel, and is easily frangible. 
Fracture shining and strait lamellar with a triple 
cleavage. It is generally in the form of coarsely 
granular distinct concretions, but also occurs 
massive with a brpad lamellar fracture, or crys- 
tallized in rectangular parallelepipeds slightly 
bevilled on thc|||lateral edges, Qr. in prisms ter- 
minated by coiwx planes. Sp*. gr. S.23. 

It is infusible before the blowpipe without 
addition*. ' , ‘ 

It occurs in Sweden at the* silvey. minCs of 
Sahla ; and at ^^uoen in Norway. 

Its component part6> accordm^^O aa analysis 
hy Vauquelin^ are 

5y. silex i ’ ' 

20. lime / 

19. magnesia^. 

• alumine 

4. oxyds of iron and of mangaiiese 


loss. . \ 

f--- 

To thaj ^riety, on the authorififcof IM. H4uy, 
are also to be referred the Musmk and Afalite 
of M. Bonvbisiiiv. of which M. li^uy had once 
formed a new species under the ^ahiePiopside.* 

. Its c;olour is greenish or vf|li^^b rft 

etciirs c^stalliaed in teirab^a^ a^^^bd^ctiv. 
li^ral prism^ or in , deeply stti^i^.si^^linr 
drical grains,* or massive with a^lsqM||^‘^:flte 
twl;.. lt :scarcel]r scratches glass, 
before^ the blowpipe into a g^byisK mail^^ 
''*^“^•“'1, according to Laugier;‘’of : '* 

* lourn. des Mine*, ' 


. . b’U 

V' , "a 

6. ' oxyds of iron and oi manganese 

D7.75 ' 

2.«£r Ion. 

^ ' 

The -Musske occurs in the Comm une of 
Balme-de-Mussa, Department of the Po'i iiTa 
vein accompanied by granular carbonate of lime. 

The Alalite occurs near the village of Ala, in 
the mountain of Ciarmetta, in a vein accom- 
panied by garnets. ■ 

AUTOMOLITE. Spindle zinciferc, II. 

This substance occut| only crystallized. Its 
primitive form is the Aguiar octohedron, bc« 
liides which it presents the transposed octo- 
hedron. The crystjuls are for tlie most part very 
small, rarely equalling in size a small nut. Its 
sp^cifib'. gravity *i$ "4.69 (4.26 Ekebere). It 
scratches qusiitz. ‘ Its colour is a deep bluish- 
green : the entire crystals are opake, but in thin 
fragments it is more or Ipss semi-transparent. 
Its fracture is lamellar, parallel to the faces of 
the crystal, but in dther directions is uneven 
and scaly with a vitreous lu^re. 

Before the blowpipe it neither melts nor un- 
dergoes any change of colour. With phosphate 
of soda it runs into a clear colourless bead. 

It first analyzed by Ekeberg, and after- 
w;ird|i4^y Va^quelin, with the following results.. 


42. alumine ^ 

- : 4. ~ . ^-.4. ■ silex 

. 24, 28. oxyiy^c 

- — 5. oxydrbf iron 

0. — •. 17. sulphur 

0. — - 4.K^;,portion of the mineriF 

~ — ir rentjinfbg unaltered. 

97. 100.* 

It occqrs at Fahlith in. S'^d’etr. 

It was at first supposed , to be corundi}|hn 
mixed with zinc, but the prevailing opiniorf at 
present is that it is spinellc plconaste loaded 
with blfnde. 

AZPTE WITH OXYGEN, fWpow/i* 
of. specific gravity of azotic gas is to 

that of hvdrQgen^, as 13 to 1.** 100 cubical 

inches of It 5 ^ a mean temperature and pressure. 
Weigh between 29. and 30. grains. 

''Fliere are at specific compounds 

of azote and oxygeir^^iz. Nitrous Oxyd, NW 
trous Gas, and Nitrous Acid Gas. 

* ^ Davy's HemtuU. ' 



r f» i 



NitrouM ^vity of i|U|^,o;Kists as to the respective 

this j|;a8 is to that bf^hyiim|k|:iE^. whx3i nUipus and oj^gen J^itcj If 

100. cubic inches weig]^ %¥tWi$m:;^^^ very easy to nasi^e acrantt 

grains. Wh%n one cubic inch of nitrous ox the acid gas is absorbjeo^bpm hy wabr aho 
mixed with the same quantity of hydrogen and mercury. ^ 

exploded by the electric spark, water is fornied^ According to Davy, .when two vdi 

and the only residue is one cubic inch of utoH. lumes of hitroutNeatti^^ one vc^|||e of 
ljd#? a8 one cubic inch of hydrogen requires both previouriy mijj^ed together tn a 

httlF^a cubic inch of oxygen to become water, vessel exhausted <^ hif» they become condensed 
it follows that one cubic inch of nitro^is oxyd to half their volume, and rorih a deep orange* 

. contains one cubic inch of azote and half a coloured gas, which is nitrous acid gas. Cal- 
Cubic inch of oxygen, condensed into the spaqa^culating from the condensation, the SMcific 
of a single cubic inch. ^^^W^vitV of this gas mu^ be.^o tliat of hydrogen 

In like manner, if dry charcoal be ignited in aa^bbut tp^ 1 f -atid 100 gr^s of it must 
one cubic inch of nitrous oxyd, the products w«mL||^.3 grains. When ayarer iS admitted 
are half a cubic inch of carbonic acid and one to tlmgha "there is a and the 

cubic inch of azote, l^nce, as oxygen neither watf^gaihS. a tint of j^recjn. This proportion 
gains nor loses in bulk by its conversion into of ni||^bl|^es. of : nitrous gas . one volume 
carbonic acidf the composition of nitrous’ oxydb of ox^pfe ls 'the highest in oxygenation that 
8 found, as before, to be two volumes of azote can be pro^ifced as a pui^ aAd distinct gasscoua 
and one of. oxygen, condensed into the'^Space of body; for whin the oxygen is actually mixed 
two volumes, ileiicc too it consists,; weighty in greater proportion, the condensation is suoh 
of 26 of azote and 15 of oxygen. , V w ; J*® ^”^7 indicate the formation of the above 

*^ilrom' Gas. Its specihe gravity is tP^Tthat nitrous acid gas, with an excess of uncombined 
of hydrogen as .14 to 1; and }00 cubic inches oxygen. The same happens wb^n iyaterik- 
weign about SlS grains. When .several metals, admitted, the acid gas aWrbed retaining'' 
such as arsenic, ^nc; or potassium, are heated greater a proportion of oxygi^^Iian when in a 
in nitrous gas, it oxydates them and affords gasseous state.’ But on the pt^r hand, when 
half its volume of azote. If charcoal is ignited this nitrous acid^as is absorS^P-by an alkaline 
in two cubic inches ofmitrous gas^ the products base,^a portion piTnitroUs gas is always cyoIVcd, 
arc one cubic inch of carbonic acid ai^d one leaving the remainder’ in a state or a higher 
of azote. Hence as oxygon ga^heitfiCT ex- relative piygenation than gasseous nitric acid’, 
pands nor contracts by conyersloh iiitp cM^hic 'l^ia the author concludes from many cxp8ri- 
acid gas, nitrous gas consists ;of equarypldmes menta,.tb bp in the proportioi^^of 2 volumes 
of azote and qxygen not , condensed by their of nitrbqigai^ ^qd I ^ of Oxygen, and this forms 
chemical contains (by weight) 13 tho pale nitrtc (icid as it exists in solution iii. 

parts of azote to iSr of oxygen. , When two wisiieir, or as the acid part of the alkaline, earthy,, 
cubic inches of nitrous gas are. exposed to the " and metallic nitrats^ Nitric acid therefore,, ae- 
actjipn of muriat of tin, or sulphuretted a'lkali, cording to this opinion, when once obtained; 
part' of the pxygefi of ^^.gas is absorbed, and from the decorn position of the nitrats can. 
one cubic inch dfvnitroiSS oxyd is. left, which exist* unchanged in solution m water though, 
exactly haVmonizes with their relative proper- waprir alone cannot condense fi\>m its^gaSseoiis 
txons of oxygen and.^otOf' for one cqbic inch state a mixtirte of two volumes of nitrous gas 
of nitrous oxyd> contains, as already mehtioneti, and! IJ bfi^ oxygen, which is here given, as the 
one cubic inch of azote and half a cubic inch co^posit^^ nitric acid. Tliis ii 5 |uid acid 
of oxygen ; and therefore the portion of oxygen . 
extracted by the sulphuret is exactlj^half ?f 
cubic inch of oxygen. . ^ 

Nilrotts Acid Gas.' ' ^When oxym^ and 
nitrous gas arc mixed together, red fuihes'pf 
nitrous acid fi'ak are produced, and ^ a conden- 
sation of the bulk of the gasses takes place- If 
the experiment be ^ rapid 

and total absorption tal^^me, and the watey, 
becomes acidulous, MuwdiflSerence bf opimoa"^^ 


am jrnay'edpwiile to absorb mit^*rent quantities 
when it becom^$.yei}pw, orange, 
blue^-gree^' 'mveh saturatecl 

r oxyi:e^-; jt|^d 

prpj^rtibitsy ai^ 



omi experience qn- this 8u1[s|jcct« * 
of iiiti'oiuk«,.ga9,, ^e put. to 
one m^a6Ur#ibf t%a tuBe one-third 

of an iiteh in dian^et^and five inches in leiTgth» 
«6tatuUng over vvater, as soon as the diminution 
has apparently ceased, which will l3e in half 
a. transferred 

into fbother ttibe^, it that one 

measure of oxygen and 1.® of nitrous gas have 
disappeared. “ • 

When 4 measures of oxygen are put to l^S 
of nitrous gas in a tube two-tenths pf an inch 
ili^fliamcter and ten inpHes long so as to fill it, 
it will be found that 1 measure of oxygen Will 
combine with LS qf nitrous gas m ^ 
minutes. . 

When 1 measure of oxygen and<5 of ni^ous 
gas are mixed together so as to fiium thin 
stratum of air not more than fth of aii inch in 
depth (as under a common tumbler) the oxygen 
wUl take up from 3 to measWes of nitrous 
gas ill a moment, without any agitation. If 


;o ). ^ 4Z q 

equal measures Siu liu^ed,, then J oxygen takes 
ab6u|^S.^iutr0uSj^as^; 

’ these two gasses will 

unite in a great variety of proporti^s, according 
to the relative quantity of either gas employed, 
arid the suddenness of their union. But ac- 
airding to Mr. Dalton, there is however a ■ 
definite niaximUm and of 

which includes all the other proportions. • 

maxitHUm of oxygenation actually ob‘*esved is 
that in which J measure of oxygen combines 
with 1.3 of nitrous gas; and the minimum is 
that of 1 measure of oxygen to 3.6 of nitrous 
gas; but the actual maximum does not har- 
monize with any definite proportion, Mr. D. 
assumes hypothetic.ally the real maximum to 
be 1 of oxygen with .S^f nitrous gas, to which 
he gives the term oxj/nitvic acid. The consti- 
tution of nitric acid he infers ftom other obser- 
vations to be 1 measure of oxygen to 1.8 of 
nitrous gas. Hence all the compounds of 
nitrode and oxygeii will be thus expressed : 


tneature measures 

1 oxygen with .9 nitrous gas form oxyhijtrlc acid 

1 1.8 nitric acid 

1 3.(i , . nitrous acid 


And all the huerroediatc degrees of saturation, 
are consideTed|||jB^ mixtures oi two or more of 
the above compounds. 

One ^ of the most important considerations 
relative to nitric acid is the determination of 
the quantity of real acid in a watery solution 
of a given sW^ific gravity. The temperature^ 
of ebullition ofliiitric acid of di ^eyent .loensitiea 
varies in a very singular manner. -When weak 
nitric acid is boiled or distilled, the weakest 
'portion comes over first; but when the acid is 
concentrated, the strongest portion comes over 
first, as observed by Dr. R. Perceval ( see Chim. 
DicU aiH. Nitric acid). From these facts, 
Mr. Dalton inferred that an acid of some one 
strength^ and* only one, was incapable of any 
change of strength by distillation, so that when 
a portion of this was distilled, the distillcd' pjiirt 
and the ^Residue would have thf^sSme specific 
gravity. It was desirable to find tlie ..actual 
strength of ^th% acid, as these ffreumstances 
shew a nice adjustment of affinities betweeii the 
acid and the w^ater; and 
has found by mati^ expferiniehtx' 
specific gravity of i.4fe. The*b<^}TO tebtpe^ 
liire of this acid ish^gher than that 
acid, stronger or weaker^ ' 
indeed is the immeHlate^rcas|i|^f^the 
■ ' • NifcW Syetciii, 


reduction of strength of all the other' nitric 
acids to that of 1.42 when submitted to gradual 
distillation; and of the^ stronger acids parting 
with the portion above 1.42 and the weaker 
acids with that below this standard. Hence 
the, continued bpiling of any nitric acid tends 
to bring the portion in the retort to the specific 
gravity^f 1.42, and to raise the temperature 
to 248®# Mr. Dalton calculates this acid of 
1.42 to be composed of 2^atbrns of water to 1 
atom of real acid. The acid of 1 of real acid 
to 4 of water has the specific gravity of 1-SO, 
and is reinarkable for freezing the most easily 
of all, namely at %-^2°.^^cording to Mr. 
Cavendish. 

With respect to the quantity of real acid in 
a folution of given specific gravity, Mr. Dalton 
follows the method, employed by Kirwan, as- 
sufning that fused nitre consists. of 47..J per 
cent, by weight of real acid and 52.5 of potash. 
Mr. DSton’s estimate of the real acid of dif- 
ferent^mixtures of nitrie'acid and water,, agrees 
very neatly with those of Mr. Kirwan, but Mr. . 
D. has given the impprtant addition of the boil- 
ing temperature of each. The following is his 
table ot the quantity of real acid in 100 parts 
of liquid nitric aoil^ temperature of 60*. 

l^rt ii. p. 327. 
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Acid per 

Arid per 



cent, by 


/'IIm - 


weight. . 

flaeaiure* 



100 

• 175? - 



82.7 

134 

^ 1.62 

100“ 

72.5 

1I2; 

1.54 

175® 

'■ 

102 

I.SO 

210“ 

^P^.4 

. ■;84.7' 

1.45 

240o 

• " M.i . 

77.2 

1.42 

' 248“ 

51.2 

71.7 

1.40 

2470 '- 

44.3 

5.9.8 

1..35 

24go‘“f 

37.4 

48.6 

1.30 

236“ 

32.3 

40.7 

1.26 

232“ 

28.5 

S4.8- 

1 1.29 

225)“ 

25 4 

30.5 

1.20 

226® 

23 

27.1 

, 1.18 

22.‘)“ 

21 

24.6 

*^1.17 

221“ 

19.3 

22.4 

1.16 

22 O 0 

17.8 

' 20.5 

1.15 

219® V 

16.6 

18.9 

1.14 

219® 


gaa^^ cn^ ^tebsptibn wUI bb 400 





M. Gay Lussacj^ in repoatrhg Mr. fiaftcn’s 
experiments on the difFcrent proportions of 
oxygen absorbed by nitrous gas ac^otding -to 
the circumstances of the experiinSnt, .has en»- 
deavoured to rttduce all the definite combina- 
tions of azote-^nd oxygen to very siihple num- 
bers, estimating the gasses by measure. 

Nitrous gas la composed i>f equal volumes of 
azote and oxygen,i which unite without con- 
densation V and the author considers nitric acid 
as composed of SOO measures of nitrous gas 
and 100 measures of oxygen, or fwhat aihounts 
to the same) it consists of. 100 measures of 
azote to I^OO of oxygen. The intermediate term 
of saturation is that, which constitutes nitrous 
acid gaSf and which when absorbed by water 
gives jhe /lywW nilrous dcid^ the acid part of 
the nitriles. The author finds^ agre^bly to 
Mr. Daltoirs expq^menti^that the production 
of this intermediai^'acid* depends on the cir- 
cumstances of the experiment and the. propor- 
tions of ea^gas emplojed. If measures 
of nttrous gPra are put into a narrow tube over 
water, and 200 measures of oxygen are addedlj, 
or if this order is reversed, and the dxygeii 
added first, /iOO measures will disappqsil'i^and 


100. measures of oxygen will remain unaltered. 
The w'/ater that has absorbed these SOO^Ibiea-, 
suics will be a solution of nitric acidj and with 
potash will form common nitre. Tfiierefore. 
nitric acid contains 2 parts bymeasurp of nkroue 
gas to one of oxvgen. the oxygen be. 

not in exc^s, if for exanqile lOO lilicasures of 
oxygen be .added to 400. measures of nitrous p 

* Mem. d'Arcu< 




and IIXI t>f ] 

The water that has at 

surcs will now be aad^ and with potash 

will form small needled crpimls of nitrite of 
potash^ which gwe out copious >ied fumes oh 
the addition of ai^|d|M acid. ihal^ this 
experiment correct should be in iil *wide 
vessel and withbut agitation, s 6 that the w^ter 
in absorbing the nitrous acid gas may not also 
absorb a portion of the residuary nitrous; gas. 
JVi/roOT •add therefore is produced by the 
uh^n df ddO measures];^ nitrous gas with 100 
^ of to the same) it 

of azote to 230 of 
t>xygehi 19 Best made by dissolving nitrous 
acid gas in water,^ which becomes blue, green, 
aUdr .fina^' orange yellow, according to the 
strength of the acid mid the quantity or gas ab- 
sorbed. Hence it is that the orange yellow 
acid may be changed to the green, and the green, 
to the blue, merely by proper dilution with wa- 
ter, which diminishes the relative strength of 
the acid in a given quantity. 

The liquid nitrous acid is also made by pass- . 
ing nitrous acid gas into liquid nitric acid,, 
wliicli then becomes blue, gi^feen, or yellow 
orange, according to tlie coneqaBration of the 
nitric acid. "w 

M. ..Gay Lussac gives the following estimate 
of the'composition of the oxyds of azote^-^z. 

Nitrous oxyd consists qi 100 measures jsf 
azote yirifh. ^ measures of o^gen^ or, by 
j^' 63. azote and Soliro oxygen. 

Nitrous gas^ consits of equal measures of 
azote and oxygen ; or, by weight, of 40.737 of 
azote and 53.213 of oxygen. 

Nitrous acid gas consists of 300 measures of 
nitrous gas to 100 measures of oxygen or, by 
weight, of 34.307 of azote and 03.493 of oxy- 

Nitric acid consists of 100 measures &E;^x 6 te 
to'SOO meausures of oxygen, or of 200 mcasiires^ 
of ni^ous gte to 100 . measures of oxygenj or.^ 
by^^ight, ^ of azote to oj|jf4w of 

OXYKitmtXiriC ACID, or 
AzorUtnp Cmx^niHB. (Acide MttritUique- 

■ shall^^ribe » nfet. ailifi ; 
.W<^p 6 ui«A ; 4 ai axoti and , 
to ^ the 

. ,!liai»ng- attbitaad^'hithertoi|!y^s^#^^ 
r#(kl<ed £ 1 ^ o£ thia. 

tWif WMtry i» (we belwy«) 'feoW . 
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tiuniftlilft the extract of a letter jiuhhshdtl hy Sir 
H. t)avy/' which ^|Mpiiticcs the di^bvery of a 
compound of nzot^!fand chlorine appearing as 
nn oil heavier than Water, that detonates with 
all the violence^ of the fulminating metals by 
the mere heat of the han^: separating thereby 
in the gasseoiis form the'^®» elements of which 
it is composed, evolving much heat and light. 
The writer also adds that this dangerous pro- 
perty had cost to the discoverer both an eye and 
a finger. 

With this obscure hint of the nature of this 
substance, added to the recollection of the ac- 
cidental formation of an oil by passing t^lonne 
gas through ultra t of ammonia suggestm hy 
Mr. Children, SirH. Davy has been enabled to 
produce this oily detonating compound^ which 
indeed is a very simple process, and, as we are 
informed in tne memoir on the subject, had 
nearly cost him the same unfortunate sacrifice of 
an eye as to the first discoverer (M. Duknig) in 
the attempt to become more fiimiliar with the 
properties of this formidable compound. 

M. Du long has since made known all the 
particulars of this dt'jcovery in a paper lately 
read to the French Institute, of which a general 
abstract is given by Messrs. Thenard and Bcr- 
thollet. V 

From this and Sir H. Davyds memoir we learn 
the following particulars. Azote and oxymu- 
riatic gas have no known action on each other 
when in the gasseous form, but wdien oxymu- 
riatic gas is passed tlirough a solution of the nitrat 
of ammonia, the oxalat, or many other lammo- 
niacal salts, it is rapidly absorbed and a film 
collects on the surface, which is soon resolved 
into distinct drops of a yellowish oil that sinks 
to the bottom of the liquid, and is the detonating 
compound in question. A weak solution of 
pure ammonia wdll answer as well as the ticu- 


of about 
production* 

Siir by shaking 

in a pbial a saturated solution bt nitrated am- 
monia with about six cubic inches of chlorine, 
s^^iodc of operating which' appears, attended 
with extreme hazard, for even when ; /l&tge 
quantity of the gas was merely passed tbrcTligh 
a Wo]^e\s apparatus charged with the dijBfercht 
ammf^yiiu^al solutions, the whole exploded vio- 
lently. and sliatteicd the apparatus to pieces. 

' This detonating oil is ye’lowish, but quito 
transparent and highiy liquiil. Its smell is very 
•nauseous, resembling that of the compound of 
carbonic oxyd and chlorine. It evaporates ra- 
pidly but silently wlieij£Cxpo?cd to the air at a 
common temperature, but when slightly warm- 
ed it explodes vehemently, insomuch that it is 
dangerous to warm in any glass vessel a globule 
of the oil no bigger than a grain of mustard 
seed*. When this oil merely touches many com- 
bustible matters, even without increasing the 
temperature, it explodes very violently, so as 
generally to shatter any glass vessel. I his is 
the case when a globule of it is thrown into 
olive oil, turpentine, or naphtha. But with al- 
cohol it only loses gradually its exj>losive pro- 
perty and becomes a white oily matter. When 
a particle of this oH touches phosphorus, or 
phosphorized alcohol and ether, it exploilos 
with equal violence. It has no effect on mu- 
riatic or sulphuric acid, zinc, tinfoil or sulphur. 
M. Dujong attempted to analyze it by adding 
it, and the liquor in which it was formed, to a 
vessel containing copper filings. Muriated oxyd 
of copper was produced and azotic gas given 
out. It seems therefore to be without doubt a 
compound of chlorine and azote, but its un- 
manageable properties make its analysis an affair 
of difficulty and some danger, ^ 


n 


BARIUM. Bauytes. 

The basis of the earth barytea.was first ob- 
tained by the eminent discoverer of the alkaline 
bases in the following way : ® pure barytes was 
made into a paste with water, and a small cavity 
made in it to receive a globule of mercury^ 
the barytes was laid on a slip of platina which 
was made positive in a voltaic battery, and the 
globule of mercury was rendered negative* tii 
this state the barytes was* deprived of oxygen, 
and its base, was obtained amalj^mated, 

vdth the mercury, from which it was separated 


by evaporating the mercury. Barium thus 
procured is of a dark grey colour, with a low 
metallic lu.^tre, and heavier than sulphuric acid. 
Whcn flirown into water it effervesces, hydro- 
gen is given off from one portion of the decom- 

E osed water whilst, its oxygen unites with the 
arium, and batytes is reproduced and dissolves 
in the water. 

Sir H. Davy estimates the elements of barytes 
to be *:bout 89.7 per dent, of bariunv and 10.3 
of oxygen. 

Burj/tes is the first oxyd of barium. Its 


a Phil, Tram, for 18U. ^ Ana.’dc Chim. tom. Ixxzvi. p. 37. 
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pure bary teij obtained _ 

procured from the cry^taU bf „ 

solution in water» has beeh-meittioiied^in 
article in this appendix. 

of Barimn* According to the 

E eririliehts of Messrs. Gay Liissac and Thenard, 
arytes can absorb oxygen, and tlius produce an 
oxyd of barium of a nigher state of oXydation 
than barytes.^ For this purpose some' dif oxy^ 
gen gas was passed into a glass tube over ther* 
c:ury, and along with it some fragments of pure 
barytes virising from the calcined nitrat On ap- 
plying the heat of a lamp, ilie oxygen was very 
rapidly absorbed, and \Jt\e barytes appeared as if 
gla'/r*d on its surface, 3nd became greyer. 

'Fhc glass was then filled with hydrogen and 
heated as before. The hydrogen was absorbed 
in large quantity, and sparks were seen to 
proceed from the barytes. No water was va- 

f >uri7.ed, so that all of this fluid, which must 
rave been pro<luced by this absorption* of by- 
flrogen, was absorbed by the barytes, which 
then becatno Very fusible. ‘ 

The experiment was repeated with similar 
success with barytes prepared by calcining the 
carbonat of barytes with lamp*black in an in- 
tense heat ; so that the cficct could not have 
been produced in the first instance by any undc- 
composed nitric acid. 

BENZOIN. Bknzoic Acid. Benzoats. 
W c have to mention some addilionul facts re- 
lative to this resin and its products, which are 
among the most interesting of this class of vege- 
table substances.* 

When benzoin is gradually heated in mode- 
rately dilute nitric acid, it is dissolved into a light 
yellow liquid, which on cooling gradunljy de- 
posits nearly ,the whole of the benzoic acid, 
whilst the refill appears to remain dissolved. 
This solution is totally decomposed by water. 

Sulphuric acid dissolves benzoin into a deep 
red liquid, but carbonizes a portion of it. The 
Eolution gives lilac precipitate with water. 
Acetic acid dissolves tliis resin c^en in the cold. 
When satu.ated by boiling, much benzoic acid 
separates on cooling. 

When these acids are added to the solution 
of benzoin in alcohol, a precipitate is formed 
(with all but the nitric) which is probably a com- 
pound of the resin and acid, and an excess of ; 
the same acid generally redissolvcs a part of tliis 
precipitate. Nitric acid on the other hand does 

^ Rccberchci, tom. 1. p. 109. « Brands ia PhB. 
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Benzoic AchL Sc^^cely two thirds of the. 
whole acid contained in benzenn is procuretl by 
mere sublimation^ j i^heele's process (mention^ 
cd in our original!f8|pDte) gives purest acid. 

Some German chemists have also employed 
carbonat of potash or soda, as an intermede for 
obtaining this acid. Benzoin, boiled repeatedly 
with about a tenth of its weight of carbonat of 
soda Xhd Sufficient water, the resin being taken 
Out two or three times and triturated, atid again 
boiy|ed#ith the same liquor,: yields at last nearly 
the;^liale of its acid to the soda, and th^ solu- 
tion of benzoat of soda deposits its acid on 
adding the sulphuric acid. 

Benzoic bcid is soluble in most of the acids, 
but separable from them by dilution with water. 

A singular fluid compound of benzoic acid 
and camphor is me utioned by Mr. Gowar," to be 
produced by adding a definite quantity of water 
to a solution of both these substances in alcoliol. 

Twenty grains of benzoic acid and as mucli 
camphor dissolved in half an ounce of common 
alcohol, and then diluted with as much water, 
gradually separates into two liquids, both of 
which are quite transparent if the acid is free 
from resin, but yellowish if otherwise. 

Both the upper and lower liquids appear to be 
compounds of alcohol, water, benzoic ^cld and 
camphor. The lower, which has an oily appear- 
Wc€!.,:is strongly acid and aromatic, and by ova- 
pbratiofi forms crystals apparently composed of 
benzoic ncid and camphor. Cold water added to 
this liquid immediately decomposes it, the ben- 
zoic acid being precipitated in the form of shining 
crystals, and the camphor floating on the top. 
The upper fluid on standing for a time, sometime* 
deposits large crystals floating upon the lower 
.stratum, w'hich are chiefly benzoic acid, but 
altered from its usual crystallized form, probably 
by the presence of some Ctamphor. 

It requires pretty exactly the above mentioned 
prqportion of benzoic acid, camphor, alcohol 
'and^watcr> to produce this singular separation 
into two distinct solutions, for when more of 
the spirituous menstruum is used, the whole re- 
mains as Me uniform^^soluri^^ and when a 
greater proportion oS Water is employed^ much 
of thb camphor and part of the acid separate. 

, Mr. Bucholz has examined some ^ the lead- 
ing properties of the benzoic acid, w^h 

jy^ara. voU X. ** PliH. iounit toI. wdii. p. SS.- \ 
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of cong^ring them with tm <» un jgh#i4i1»cM* 
som^pmemists haying con6u|Wt^^|l^8i)’'"twtf 
acitis as riepily iiii||M|cjil. The mroperdcs of 


the Camphoric AcsSr^ill be given under that 
article j those bifenzoic are the following: 

Ten grains of benzoic acid were mixed with 
500 grains of distilled shaken in a 

phial for half an hour. whole liquid was 

passed through a filter, the Wjsight of which 
when dry was previously known, an^ after again 
drying there w^as found an addition oS 7 i grains 
of weight produced by the undis908|p^^;jicido 
Hence Benzoic acid requires 1200 'titpes 
weight of cold water for perfect 6ol^j|jiM|2;^<pi * 
the other hand it requires only S4 
ing welter, so that by far the greater piiri^|ine 
acid must again separate on cooling. 

An hundred grams of cold alcohol dissolve by; ; 
agitation 'about ^ grains of benzoic acid $ and 
boiling alcohol dissolves nearly its own weight 
of the acid. 


his 

w sKquU i|be previab^y 
neutrapN^^pIdij^^ and'tfien the bi^zqkt 

of ammonfa^imay. long as j[irecir 

fall ^^o wn.^ " S^^^^j^rectpijtj^.te: . 
fnidzoat of iron, 

in solution. *' ' 

NotMly will diiS^lt separate iron|f^bjmnn« 
:gsiiic^;bttt as M. Hunger has observed^ it will 
d^eparate it from all earthy salts, and 
from nickel, cobalt and many other metals, none 
of which are precipitated by tae benzoat when 
properly applied, 

(This will be furtlier described in this appen- 
dix under the article Iro^.) 

BILDSTEIN. 

From a recent analysis of this substance by 
Vauquelin,* it appears to be compo’sed of 
56. Silex 
20. Aluimiie 


Jienzoiit of IJinc, Benzoic acid boiled vi*ith ► 2. Lime 

carbonat of Jitnc and water is gradually neutra- 7. Potash 

lized; ^d 50 grains of the acid require in this 1. Ol^lde of Iron 

way about 20 grain ? of the calcareous earth, the 5. Water 

pure lime of which is about I grains. 'I’he so- ~_ 

liition wdien much reduced by evaporation gives 100 

on cooling a number of shining silky needled It is interesting to observe, that in this-minc^ 
crystals, often radiating from a common center j ra! the character of uhetuosity is by no means 
their taste is sweetish and somewhat earthy. indicative of the presence of magnesia. The 
Though this benzoat of lime is prepared with analogy also, as to chemical composition, be- 
the purest acid, and is perfectly white, w'hen tween bildstein, mica, and felspar, is deserving 
heated by itself in a close vessel it gives a liquid of notice. ^ 
cmpyrciimatic oil, smelling of the resin of beii- BILE'^ 

zoin. Benzoat of lime requires 20 times its This important fluid has" been analyzed by 

■w^eight of cold water for perfect solution. Thenard,* a very skilful chemist, who has disco- 

Henzodt of Potash. This salt crystallizes vered in the bile of some animals what he coii- 
when the acid is slightly in excess, forming siders as a new animal principle, to which he 
small needles which require ten parts of cold gives the name of Picromcl^ on account of its 
waiter for solution. ''I he. neutralized salt is sweet and pungent taste. 

much more soluble and deliquescent. The experiments on ox-gall afe the following. 

It is to be observed that when most of the A quantity of it was distilled to dryness in a re- 
neutral benzoats are evaporated, part of the acid tort, by v/hich it lost from -J- to 4 of Its weight of 
flics off, leaving the salt with a slight excess of mere water a little (lavonrcd. I'hc tiry yellov/ 
base. This how'over is not the case with the residue was calcined carefully in a platiiia or 
benzoat of ammonia, the alkali being full as silver crucible kept scarcely at a ch.ci ry-rcd, by 
volatile as the acid. This property is of some which it gstyc 22 per cent, of carbonaceous re- 
importance as it gives a reason for a preference sidue containing soda, common satt, pliosphat 
of the benzoat of ami^Oliia in a very important and sulpliat of soda, and phosphat of lime, 
use iittaalyticalchemSfeiry, to which it has lately 'llic uncombined soda amounted to no more 

been applied by Professor Berzejius. than .iTy pf the original gall, whlcli appeared 

This eminent chemist has found that the ben- much too small a quantity to Be the intermede 
ZOiic apid may beapplied to the separation of iroti whereby the resin of this bile might be held in 
frbih miiagan^^^ with equal success with the solution. Neither is the precij)itate formed 
S^iiccinic^ and it has the advantage of being by acids at all equal to the whole of the solid 


« Juurn Mines. No. Ixxxviil. p. 217. 
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matter 'PI oAMu^ in his'iliialyiK.^ 

which i 3 .::^h^)t||Fr 'CT^p|||p5^^|^rifcMj ^|||^ cxlstcnccjpf this pcciin^.'.fiub* 

other substi^j^l *^^stance, jiwwmelf as a|lj|liial piiintiple, 

.resinous maltcr Th<^ and seems to consider lj|Ppy: th^ wiiolc c>f the 

aii^ysis of ox-gall w:^&^|M^h4pctea r lit- solid contents of thl|yhiie j[jt)Nc saline part ex- 
tle nitric acid was ^p^^ded, ^U:li prccipi- ceptcd)as one peqailfiir alhiimiuous subatance, 
tatbd a-peculiar yclIdS? matter along with a yifly which partly tl#^rnfi bf ^ resin 

little resin, whibh last was afterwards obtained when some miniMWeid Is added; and there- 


puteiby^lcohol. The gall ii^as filtered, and into 
it was jK^red a solution of sub-acetite of lead 
(made with 8 par^s of common acetite and one 
of litharge) by which an insoluble compound of 
oxyd of lead and the resin of the gall fell down, 
(separable from each oilier by weak nitric acid) 
and the supernatant liquor was freed from the 
excess of the salt of lead by a current of sul- 
phuretted hydrogen, i^Fhe clear filtered liquor 
was evaporated to dryness, and gave the Picro^ 
mel mixed with acetite of soda. The distin- 
guishing properties of picromel, according to M. 
Thenaril, are its pungent sweetislrtastc, and the 
great solvent power which it exercises ovef* the 
resin of the bile; so that by adding again the djUe 
proportions of this resin, of picromel, of the 
yellow matter separable by nitric acid, and of 
soda, the author obtained an uniform liquid ex- 
actly resembling the original bile from which 
these substances had been extracted. Of 800 
parts of ox-gall tlie author finds 700 of water, 
of resin, (iOJ of picromel, about 4 of yellow 
matter, and 4 of soda, and the rest salts of soda 
and lime?. 

Picromel dissolves both inwatcramlin alcohol, 
does not crystalli/A', and forms a triple compound 
with resin and soda, highly soluble in water, and 
not decomposable by aculs, alkalies, and earthy 
salts ; but it is separated by some metallic salts. 

The resin of bile is green, bitter, .^soluble in 
alcohol, and separable thence by wateti solu- 
ble in alkalies, ^ild in some acids, but not in all. 

It appears hbvl^vcr in tl;c author’s second me- 
moir on this subject, that the picromel is not so 
certainly obtained in the above method ; for lie 
says that if too much of the acetlteof lead is added, 
the picromel itself is separated, so that it is ne- 
cessary to assay the precipitate from time to 
time, and as soon as it becomes totally soluble 
in weak nitric acid, it will shew that all the resin 
has been separateil, and that the picromel itself 
begins to precipitate. i 

M. Theiiard gives' the result of the analysis 
of the bile of difierent animals, and finds no 
picromel in human bile, this secretion contain- 
ing chiefly water, albumen, a peculiar resin, . 
soda, and some salts. 


fore this supposi^'^ircsin is a compound of fhe 
peculi;lr bitter flilbumen of bile vidth a small por- 
tion of the ^acid employed. ThivS biliary matter 
is so1ubt^4ti water, even without the assistance 
of alkali or of any other intermede; and 
two compounds whh -soiiie acids, one sol u ole, 
the ptb^ not^sci, and therefore preciplt vit’ed, and 
ferm or a rdsin.' lint the acetotft acid 
whiclh ^ivea soluble compounds with the al- 
"bumern. of blood docs the same with biliary al- 
bumen, and hence no precipitate follows the 
addition of this acid to bite. 

The biliary matter may be obtained pure in 
the following way : mix fresh bile with sul- 
phuric acid diluted with 3 or 1 parts of water, a 
yellow precipitate whose nature is liardty known 
first appears and must l^e scj^arated ; then con- 
tinue adding more of the aciil as long as any 
thing falls down, decant the fluid part and edul- 
corate the remaining green resiniform substance. 
This, which is in fact a compound of biliary al- 
bumen and sulphuric acid, may bo deprived of 
its acivl either by digestion with car^nat of 
barytes and water, or by solution in alcohol, 
and digesting the litjuid wiili carbonat of lime 
asl^g aa it reddens litmus. The clear liquor 
then comai 119 the pure biliary albumen, which 
is to be evaporated to dryness. This gives a 
green solution in water closely rescnibUtlg the 
natural bile. The quantity of this b’liary matter 
he estimates at oi the whole bile. 

birdlime: 

This substance has been commonly supposed 
tO'.be analogous to vegetable glut * 0 , like that of 
wheat, but it does not appear to li.ii e been ana- 
lyzed with any care till Bouillon l.i (Grange ex- 
amined it; and he has found the following pro- 
perties.* 

The birdlime here employed was tliat of the 
inner bark of the holly, prepared by bruising the 
barken a mortar, boUmg ,jij;.;with water for four 
or five throwing aw^ the liquor, ahcl]^||j^ 
tmg the in earthen phts, and keeping it m 
a dsxnp. cellar till it was mouldy andvisgous, 
iyiO|stenuig it now and then with water, and th^it 
wai^ingit thoroughly with water to remove aU ^ 
hetero^eoua matters. 


^ Medico-Chi rurg. Ti*anauct». vul. lii. • AfVi> Chim. tool. Ivi. 
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